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Australian Region Celebrated Its 25th Anniversary

The Australian Region of the I.P.P.S. celebrated its 25th Anniversary at this
Conference. The first technical session was a reflection by a group of our founding
members on 25 years of plant propagation developments and how they have helped
my business. It was a privilege to listen to some of the history of our Society
recounted by these elder statesmen who have been inspirational mentors to many
of the current membership.
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INTRODUCTION

The importance of water to a plant is self evident to all of us who live and work in
the Plant Kingdom. This importance is multiplied a thousand fold when cuttings
are taken and we expect them to root. With leafy and softwood cuttings it is critical
that we maintain an atmosphere supercharged with moisture to keep the cuttings
in a turgid condition. By using mist and fog to hold humidity at desired levels a
modern plant nursery maintains cuttings in a turgid condition to prevent wilting.
This enhances rooting.

What is the history and background to our use of fog and mist? In preparing
this paper I found in Volume 1 of the I.P.P.S. Proceedings from 1951, 46 years ago,
a paper presented by Professor L.C. Chadwick of Ohio State University titled
Controlling Humidification as an Aid to Vegetative Propagation. From the way this
paper reads mist as a tool in propagation was still new in commercial applications
but had been used in research at Ohio State. The paper outlines systems available
at that time. The first commercial application is outlined by James S. Wells in his
book Plant Propagation Practices published in 1955, He also outlines early work at
Rutgers and Michigan State as well as Ohio State Universities.

The first mention of fog in commercial use in L.P.P.S. Proceedings is in Volume 8
in 1958 and was titled The Propagation of Softwood Cuttings in a Fog House by
E. Stroombeck of Warner Nursery, Ohio. In this paper he mentions seeing a fogging
device which he found in use in Holland in 1957. This machine had been designed
for industral purposes. Before these advances a predominance of cuttings were
hardwood taken when the plants were dormant. They were often covered with bell
jars or grown in Dutch lights. The advent of mist and fog saw a surge in the range
of plants grown through the use of softwood cuttings.

Therefore there is little need to address the benefits of fog and/or mist. There are
many technical papers in the L.P.P.S. Proceedings already. These are case histories
of the day-to-day experiences of propagators with specific plants. They are an
invaluable resource.
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Our own experiences may be of some interest. Our first propagation some 40 years
ago was carried out in darkened sections of a shadehouse on a bench which was
unheated. We planted only in summer. Cuttings were sprayed by hand each hour
on the hour on a hot day. Some trays of small cuttings were planted in deep trays
which were covered with clear glass. What a step forward it was when we purchased
our first mist unit. It ran on a balance arm which, when it dried, rose and turned the
control on. Some of these are still in use in the industry today. We now run several
separate propagation units 1in our business. Each endeavours to supply a specific
microclimate for the crops grown therein. We classify them as:

1) Simple outdoor misting

2) Misting in a glasshouse

3) Fogging in a greenhouse

4) Planting without the use of mist or fog
5) Misting as an aid to grafting

I will outline to you the uses of each system and how they have helped in our
business over the last 40 years.

THE SYSTEMS AND HOW THEY WORK

Simple Outdoor Misting. This is carried out on crops such as Rhododendron
(azalea) and Camellia. Mist lines are mounted on wire benches which are about 70
cm from the ground and under 50% woven shadecloth. Mist is applied through
simple jets at 50/60 psi. Summer propagation is carried out in January, February,
and March. Rooting occurs in 4 to 6 weeks for azaleas and 6 to 8 weeks for camellias.
No bottom heat is used. Mist is controlled by time clocks. With large areas under
propagation we use time clocks for our on/oft control in all mist applications.

Misting in a Glasshouse. Mistingin a glasshouseisused for year-round production
of a wide range of our crops. Most shrubs including Mandevilla, Grevillea, daisies,
and perennials grown from cuttings are placed on benches under which hot water
is circulated to hold our bottom heat regime between 20C and 23C. This system is
controlled by thermostats. Mist lines are suspended above the crop well above head
height. Mist pressure is held at 50/60 psi. Rooting varies depending on the crop in
question. It can be as little as 4 to 6 days for some crops and as much as 12 weeks
at some times of year for some slow-to-root plants like Rhaphiolepis.

Fogging in a Greenhouse. Our fog area is controlled by a humidistat coming on
when the humidity drops below 78% and going off when it reaches 84%. Benches are
constructed similarly to those in our glasshouse mist areas with bottom heat
supplhied in the same way at similar temperatures. Fog pressure is held at 600 psi.
Crops which really like our fog conditions include all indoor foliage crops we grow
and several selected shrubs which through experience we find produce betterresults
in this environment. We also use our fog house for transfer of tissue-cultured plant
material from Stage 3 tissue culture vessels and for the rooting of microcuttings
(Stage 2 tissue culture). A range of ferns, foliage, and shrubs are treated in this way
with good transfer results. We have very little loss. We have also discovered that
very good germination of palm seed occurs in our fog house so whenever there are
any spare benches, trays of seed are placed on the heated benches to germinate.
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Propagation Without the Use of Fog or Mist on Bottom Heat

When the spring and summer temperatures take away the chill of winter there are
some crops that will root satisfactorily when placed on wire benches under a glass
roof to keep off heavy rains. A covering of perforated plastic or marex cloth often
helps retain moisture in the cuttings. We use this system for some plants such as
some Metrosideros, Kalanchoe, Hedera, and other easy-to-root plant material.

Misting as an Aid to Grafting. It is only in recent times that we have begun to
graft to any marked degree. This is our second season. Preliminary results seem to
show a marked improvement in the number of grafts that take under intermittent
mist lines. The area used 1s in a high shed with the mist lines mounted under the
roof line. The mist is controlled by time clocks. The crop grafted is azaleas using a
simple side graft. The graft is placed on the top of the plant, tied in place and then
we cover it with a clear plastic sandwich bag tied off around the stem. After 3 weeks
the tie is removed to allow some air to circulate around the graft but still keeping
it protected from heavy rain. Another 3 weeks and we remove the bag entirely. One

can see clearly the graft union has taken and the scion is growing away.

CONCLUSION

All in all we take the facilities we have in propagation houses of today for granted.
We do not realise that the advances in simple things like mist and fog houses are of
recent times. Because the system is so simple we tend to accept that we now have
the best and cheapest way to root our cuttings.

A lot of on-the-spot observation suggests that better results can be achieved with
a strict regimen in moving cuttings off once rooting commences. Mist, after rooting
1s achieved, is detrimental to the new plant establishing quickly. Listings of a range
of crops with optimum misting times tied together with other rooting aids would be
of great benefit to propagators. All of us have some knowledge in this regard. I see
a benefit to all members and the Society in establishing a register as a data bank.
All members of the Society could contribute some inputs to give us all a clear
guideline for all the crops that we grow.
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How Has Plant Propagation Helped My Business?

lan S. Tolley
Tolleys Nurseries P/L, PO Box 2, RENMARK SA 5341

It helps to be born curious, and the thought of “I wonder what would happen if... ?”
is the constant focus for my nursery innovations and breakthroughs.

I have been teaching horticulture under varying conditions for the past 30 years,
and I have constantly encouraged my students to strive for a qualification. My
earlier training in civil engineering and surveying has proven invaluable in dealing
with facts and maintaining objectivity. All learning courses have a common thread,
and should teach one to think with a trained mind.

It has been my observation, and certainty in my own case, that those of us who
enjoy what we are doing tend to achieve more. And I am never bored ! I continue to
enjoy two specific facets of my life in plant propagation:

1) The rigour of assessing and evaluating current events related to
my field of interest on the broadest possible plane in Australia and
internationally.

2) The more difficult rigour of questioning one’s beliefs in what and
why and how one lives, and develops in a chosen field and lifestyle.

Our profession gives us an opportunity to create a product which enhances our
environment, plus the opportunity to mix in harmonious surroundings with people
of all persuasions who love plants and trees. This we need to grasp, to influence
people to make the best use of shared resources and to improve the world around us.

Plant propagation now covers a vast field of endeavour, influence, and potential for
growth not only on a personal level, but also for our internationally focused Society.
In review I can trace a series of events which together have built a pattern enabling
me to utilise my propagation experience to teach in a wide range of environments,
both within Australia and internationally.

Forthe first few yearsI wasisolated within my region, which forced me toinnovate,
without the benefits we now (45 years later) have to communicate in so many ways.

I was fortunate to become associated with the Waite Agricultural Research
Institute, a division of the University of Adelaide at that time, and in particular the
Departments of Plant Pathology and Plant Physiology. I was particularly encour-
aged when I was later appointed a Field Associate of this University, for cooperative
research endeavours, and for my involvement in some 30 years of voluntary
teaching of horticulture to students. There is now the new University of Adelaide
Department of Horticulture, Viticulture and Oenology, Waite Campus, where I am
privileged to be a current Advisory Board member.

Successful plant propagation is not only the plant — it is combined with how you
transfer technology to do it well. My engineering training and mechanical skills
assisted here — and for the original open-ground nursery I developed the first
mechanical winch for field tree digging, adapted a planter, and invented a slow-
geared platform to carry budders and nursery workers along the rows.

In the late 50s and early 60s I became increasingly concerned about the many
problems associated with field-grown citrus trees. The requirement to change sites
regularly, and diminishing availability of suitable land, induced me to develop a
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radically new concept of complete container growing from seed to sale. I believe ours
was the first commercial citrus nursery in the world to do so. I produced some of the
first plastic igloos, and invented a geared overhead watering system. Trees were
produced in shorter times, with reproducible non-soil media, and a guarantee of
uniformity. By the late 1970s we were producing in containers 100,000 budded trees
and a quarter of a million seedlings annually.

In 1960 I created and chaired South Australia’s first Bud Selection Society and ran
it for 15 years. Its influence can be seen in the far more necessary and sophisticated
approaches of today to plant propagation improvement programmes.

In 1965 my earlier activities led to an award as one of the first 35 Churchill Fellows
" to study citriculture world-wide over a period of 5 months. That study provided
contacts and friendships which have continued to the present day, set the course of
- my future development in plant propagation, and led me to be invited to become a
member of the Western Region of I.P.P.S. in 1966.

By 1966 1 had developed a propagation system I named micro-budding. This
practise is now widely used throughout the world. It wasn’t brilliant inspiration, but
a response to a need to use as many buds as possible from carefully selected mother
trees. |

In the 1980s I invented and manufactured a systematic Tolley “Plantmaster”
potting machine to provide efficient, regular out-turn of potting plants on time.

In 1981 I became involved with the development of the International Society of
Citrus Nurserymen. These Congresses are now held every 4 years on different
continents. We have just completed the 5th successtul International Congress in
France, with pre- and post-tours of Mediterranean citrus regions, and over 300
delegates attending from 40 countries.

As alearning environment these societies are unexcelled, which is why I have only
missed one [.P.P.S. conference in 25 years. So many times I hear people say “this is
not my field so I don’t need to attend”. But it is precisely the cross-fertilization of
ideas that opens your own mind to approach and solve challenges in your own
propagation. I know I always gain some new insight.

President Ross Hall’s report in the March 1997 issue of our newsletter expresses
that aspect, critical to our success as propagators, and I quote — “our conference has
become one of the major methods of technology transfer with the emphasis on plant
propagation. But a characteristic of our conference should always be that there is
a blend of the latest technology and the ‘nitty-gritty’ papers by our experienced
members. Getting this blend right is one of the more difficult tasks of the conference
organiser.”

A combination of my propagation experiences over the past 20 years has lead to
increasing nursery and horticultural consulting within Australia, and overseas, and
for me this process has always been a two-way learning experience .

Occasionally over the 25 years within I.P.P.S. we have wavered in focus. Members
reactions have been palpable, and we re-balanced again. How then has I.P.P.S.
helped our business? The answer i1s that in our 25 years we have stuck to the core
values of plant propagation, of its principles and practises.

I hope that combined with the other talks, this provides a segment of experience,
particularly for our newer members, for the next 25 years.

?
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The Multiplication and Distribution of Improved Clonal
Selections of Fruiting Plants

Peter Smith
Sunraysia Nurseries, PO Box 45, GOL GOL NSW 2738

INTRODUCTION

To confine my view to the last 25 years I unhesitatingly nominate the multiplication
and distribution of selected clones of fruiting plants as the most important develop-
ment that has assisted our business. As supporters of schemes dedicated to
improving quality and performance of fruit-bearing plants we are a vital hnk
between plant breeders, research workers, and the Australian fruit industries.

Ournurseryislocated in the Sunraysiadistrict, whichisatthe heartofthe Murray/
Darling river basin. We aim to service the needs of fruit growers in this basin. This
river system supports Australia’s two largest, fully irmgated fruit~production
industries, grapes (Vitis) and citrus. These two industries contribute significantly to
our gross national product. It is fundamental to the sustainable success of these
industries that we grow the most improved clones with the best possible health
status.

The first 10 years of my working life were with the Commonwealth Scientific
Industrial Research Organisation (CSIRQO). During this time I was involved with
their grapevine clonal selection program. This made me very aware of the genetic
imprisonment a grower locked himself into when establishing a fruit producing
plantation — which may be the source of his income for the whole of his working life,
or at least until he decides to refurbish his original plantation — and the significance
of this to the industry as a whole. There are many instances of a 25% to 35% yield
increase from one clone to another in any one fruit variety.

When I left CSIRO in 1962 to further develop our small nursery I found, to my
dismay, the only source of recommended propagules (bud wood, cuttings, and seed)
was from vineyards and orchards considered “good performers”. Obviously an
individual plants’ success was related to productive soil types and good farming
practices and had nothing whatsoever to do with improved genetic performance and
health status.

INDUSTRY FRUIT IMPROVEMENT ASSOCIATIONS

Overthelast 50 years Australian citrus production has increased by 50% per hectare
mainly due to improved health status of high yielding clonal selections. Citrus
industry involvement in the multiplication and distribution of selected propagules
began in New South Wales in 1948. Of recent years that scheme has become part of
the Australian Citrus Improvement Association and now serves as the Australian
Citrus Propagation Association.

With these facts so apparent I have devoted the past 25 years to serving as a
director on a number of fruit-improvement association boards. The Victorian and
Murray Valley Vine Improvement Association (VAMVVIA) was established in 1986
to handle the gathering and distribution of cuttings from clonal selections of grape
varieties to grape growers and nurseries. The Associationis a nonprofit organisation
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directed by representatives of various grapevine industry groups —dried fruit, table
srape, and wine grape industries and their respective scientific support and
advisory groups. Similar regional associations now exist throughout Australia.
They are brought together under a national organisation titled the Australian Vine
Improvement Association (AVIA). Its role is to import new and improved clones of
grapevines and to hand the multiplication and distribution organisation over to the
regional associations. It also supervises a national accreditation scheme which will
ensure all players adhere to standard protocols.

All of these associations bring together industry and research people with the
common goal of varietal improvement via selection, plant breeding, and plant
health. This role model has now been adopted by most fruit industries such as citrus,
stone, pome, nut fruits, etc.

The Australian Olive Industry Association (AOIA) is currently developing a
similar organisation. Repositories of DNA-fingerprinted varieties are being estab-
lished as the initial “mother plants” from which propagules will be distributed. Even
the infant Australian Quandong Industry Association (AQIA) is part way down the
same road.

HEALTH STATUS OF MOTHER PLANTS

Giant steps forward are being achieved in the science of virus assay and ehmination.
Also inoculation to ward off severe strains, together with elimination of viroids,
phytoplasmas, and bacterial organisms. The Nurseryman’s attention to plant
hygiene plays a vital role in ensuring clean stock is being planted by our Australian
fruit industries.

Therole of the fruit industry improvement associations is to multiply the improved
selections by establishing registered mother plantings which are monitored for
“trueness to type” and health status. This is achieved in cooperation with our
research organisations which provide the services of plant virologists, bio-physi-
cists, entomologists, and the like. Monitoring is ongoing and usually mother
plantings are visited twice annually by professional staff. The distribution of
propagules — cuttings, bud wood, and seeds — requires the organisation of
collection, grading, packaging, and shipment of propagules to nurseries all over
Austraha. ,

In the case of the AVIA the national repository of varieties, the gene bank, 1s
planted on state owned land. Whereas the registered multiplication plantings are
on both private and state-owned land. In the case of the Australian Citrus
Propagation Association both the national repository and multiplication plantings
are on state owned land.

Today we have the emergence of companies like the Australian Nursery Fruit
Improvement Company (ANFIC) which not only concerns itself with the introduc-
tion of new and improved varieties of fruiting plants to Australia, but also brings
together the plant breeder, propagule multiplication, the nurseryman, the fruit
grower, and the fruit marketing chain.

CONCLUSION

Today’s fruit growers are very aware of the genetic improvements of the clonal
selections they grow, both in rootstocks and scions. They are also prepared, via alevy
on fruit sold, to fund schemes which improve, monitor and maintain superior health
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status of the mother plants from which their plants are propagated.

Inthe world of fruit production each commodity industry is at the forefront of plant
selection and improvement. Growers are constantly refurbishing orchards and
vineyards in response to market-driven demands.

I believe similar schemes could improve the planting material standards in
ornamental horticulture. To the best of my knowledge we do not have an establish-
ment similar to the English RHS Wisley Gardens in Australia.

As a consequence of my wife, Lois, and my deep involvement in the establishment
of the Australian Inland Botanic Gardens, in the Sunraysia district, I propose to the
Australian nursery industry that a sophisticated propagule multiplication and
distribution organisation be established in concert with our Australian Botanic
Gardens and/or our universities. We, the propagators, can make this happen.

Finally, I must comment that I have the greatest respect for the professional
dedication displayed by all of the researchers with whom I have worked over somany
years. Without this dedication I doubt we would have the standard of excellence
which now exists in the grapevine and citrus propagule production and distribution
schemes.
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25 Years of Plant Propagation and How They Have
Helped my Business

Vic Levey
Vic Levey’s Nurseries P/L, PO Box 592, CABOOLTURE QLD 4510

It is now 25 years since the W.0.G.G (Wholesale Ornamental Growers Group) of
Queensland, now W.0O.N (Wholesale Ornamental Nurserymen Pty Ltd), requested
a mandate from the Annual Conference of the Federation of Australian Nurserymen
in Sydney in March of 1973 to organise the inaugural meeting of the I.P.P.S. in
Australia. This was granted by that Conference and the W.0.G.GG (W.O.N) went
ahead. The first Conference of the I.P.P.5. in Australia took place at Leura, NSW in
October of that year.

The rest is now history, but I feel we should not forget the part played by those
involved, many of whom are no longer with us. People such as the late Jack Pike,
Alan Newport, Roy Rumsey, and Peter Spinks. Re-reading the papers from that
Conference is quite illuminating. There 1s just as much relevance in them today as
then. Jim Wells, the Founder of I.P.P.S., made a special trip from the U.S.A. for the
occasion and his words certainly bear repeating. Jim titled his address “The plant
propagator holds the future in his hands” and I would particularly like to quote the
following:

“The Plant Propagator, the man who originates plants of all kinds is the corner-
stone upon which all other parts of this vast industry depend. Without him, without
his work and products there would be no horticultural industry.”

Jim Wells 1s a man of great vision and today, although retired and confined to a
wheelchair, enjoys reasonable health and still putters around with his bulbs. I would
like to send “Greetings and Best Wishes to both Jim and his wife Cecil” from this
Conference.

Twenty-five years seems unbelievable — until I look in the mirror! What a wealth
of information comes to each of us in the Proceedings each year. When you consider
that most of these articles are presented by people with many years experience over
such a vast range of subjects covering all climatic conditions, the cost of belonging
to the [.P.P.S. 1s very cheap indeed.

Certainly things change over time and a quarter of a century is quite a long time.
In Leura I talked about Grevillea propagation, a very important part of our business
at that time. Some types were readily propagated and others proved to be very
difficult. Nothing has changed there except the cultivars but now the demand for
Grrevillea taxa with our nursery is practically nil.

In the years following that conference many propagators were kind enough to tell
me that I had given them the best advice they were likely to get. I had suggested that
1f you felt like trying to propagate some of the difficult types you should put a couch
in your propagation shed, so if (or when) the feeling came upon you, you could go and
lie down until the feeling went away! This advice holds true for lots of other difficult
species too.

But how has 25 years of .P.P.S. helped my business?

The answer is — many ways, not the least being the opportunity of meeting people
and discussing various problems and ideas. However, the most significant thing for
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me was listening to a wonderful lady called Olga Goss, then the Head of Plant
Pathology in WA at the Perth Conference in 1978. Dr. Goss was discussing the
problems of Phytophthora and other water-borne diseases, and suggested that a lot
of these problems could be effectively and economically controlled by the use of filters
(in water lines). Further conversation with Dr. Goss got us started on filtering and
this together with the use of aerated steam (also discussed in detail at the Inaugural
Meeting at Leura by Jack Pike and Alan Newport) has kept us virtually disease free
for over 25 years.

Hand in hand with aerated steam was the need to find an economical potting mix
that would fit in with Dr. Ken Baker’s U.C. System for producing healthy container
plants. The way to this was pointed out to me by Kim Lassock, and so helped to start
us on hammermilled pine bark as a most satisfactory soilless potting mix.

In conclusion, I can’t help but make this observation. When I.P.P.S. commenced
in this country the concept was eagerly embraced by the non-nursery side of
horticulture. The sordid activities of the commercial nurseryman and the allied
traders were frowned upon, and tobe kept at bay at all costs. The fact that the Society
was founded by nurserymen for nurserymen (plant propagators) was of no conse-
quence — commercial words like nurseries were to be barred.

A display of allied products providing information for plant propagators’ at this
conference was indeed a sign of the times, changing times, but of course we have had
these trade displays as part of our activities for some time now, and how welcome
they are. It really hammers home the point of Jim Wells’ philosophy, “The future of
this Industry is in the hands of the plant propagators” and they need all the
information they can get.
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Irrigation Setup and Reducing Water Use

Chris Rolfe
NSW Agriculture, Wollongbar Agricultural Insitute, WOLLONGBAR NSW 2477

To grow a quality plant in the shortest time in a given climate, the water and air
content of the potting mix should be in balance and adequate fertiliser should be
available throughout the crop cycle. Supplying the nght amount of water atthe right
time to all plants in a production area is the key. This requires an irrigation system
that applies water evenly and a control system that allows the required flexibility
to match climatic and crop variations.

How does your system measure up? For fixed overhead sprinkler systems, which
are still the most popular system in the industry, there are irrigation standards that
you can calculate for each block.

Your irrigation system should have:

® Mean application rate — less than 15 mm per hour
. (Coefficient of uniformity of sprinklers — more than 85%
8 Scheduling coefficient of application — less than 1.5

Whatis the significance of these measurements? Well let’s take them one at a time.

If you apply water at less than 15 mm h™' then it is likely that the application rate
will be slow enough for the potting mix to absorb the water as it 1s applied. This
means that when the water starts draining from the bottom of the container, the
moisture content of the mix is at its optimum. This can then be a useful guide to
1rrigation timing.

If the coefficient of uniformity of the sprinklers is above 85% (and the application
rate isbelow 15 mm h™") then you probably have sprinklers well suited to the spacing
you have selected and operating at a pressure that provides a range of droplet sizes.
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Figure 1. Uneven water application effects plant growth.
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A scheduling coefficient of less than 1.5 will indicate that the location of the
sprinklers in relationship to the containers being watered allows each container to
receive water from 3 or 4 sprinklers. This means that to apply sufficient water to the
driest container in the block the containers that are in the middle range receive less
than 50% more water. This will minimise excessive leaching.

Apart from wasting water the work done by Cresswell and Huett (1996) suggests
the higher the leaching volume, the higher the fertiliser volume in the drain. They
found that under a typical summer irrigation level of 25 mm a day, up to 40% of the
nutrients in controlled-release fertilisers were being wasted over 10 weeks. This of
course has an effect on plant growth.

WHAT PERCENTAGE OF YOUR PLANTS FIT IN THE CATEGORIES
SHOWN IN FIGURE 1

Uneven water will result in overwatering, excessive leaching, and uneven plant
growth. This results in a higher percentage of throwaways and additional time at
dispatch in selecting plants from the production area that are suitable for the order
(about 8 cents/150-mm container)

How much does uneven watering cost you in lost production, dispatch cost, and
water cost?

Much of the details of how to evaluate your irrigation system is covered in the
Waterwork Manual used in the Waterwork workshops that are run nationally in the
industry.

For now let’s just look at one aspect that you can do on your nursery when you go
home. What is a scheduling coefficient, how do I calculate it and what does 1t tell me
about my system?

Most nursery operators will water a block of plants for long enough to put sufficient
water in the driest pots which are usually located along the edges and ends of the
blocks. The scheduling coefficient (Sc for short) is a measure of how much extra
water you are putting on the majority of your plants to wet up the driest pots.

Scheduling coefficient = average application rate
driest pot application rate

To illustrate what this might tell you about your system, let’s take a couple of
common nursery layouts and check them out (Figures 2 and 3).

Iftheselayouts are equipped with well designed irrigation systems with sprinklers
operating at the correct pressure to provide a high coefficient of uniformity and an
application rate of less than 15 mm h' the scheduling coefficient, the edges, and
ends of each layout will have significantly lower application rates than the middle
areas. This can be best illustrated in the production bed area. This bed can be divided

into three zones (Figure 4).

The scheduling coefficient to provide adequate water to zone C is 3.3. This means
that 92% of the area is being overwatered to meet Zone C’s requirement. Many
operators will overcome this by hand watering which is an inefficient and expensive
option.

The benches aren’t quite as bad but the scheduling coefficient here will be 2.2 to
meet the water requirements of the ends and edges which still overwaters most of
the bench.
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Figure 4. Zones within production area. Zone A - receives water from 4 sprinklers
representing 42% of the area, Zone B - receives water from 2 sprinklers representing
50% of the area, and Zone C - receives water from 1 sprinkler representing 8% of the area.

The key to reducing the scheduling coefficient and hence the overwatering problem
is to reposition the sprinklers so that each container receives water from four
sprinklers so the layouts now look like those in Figures 5 and 6.
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Figure 5. New sprinkler layout for benches.
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Figure 6. New sprinkler layout for production beds.

These new layouts use more sprinklers and wet a larger area outside the
production areas, so how come they save water? Well the key 1s lower scheduling
coefficients require less pumping time. This will save you water, provide more even
watering, less fertiliser leaching, less throwaways, reduce selection time at dis-

patch, and produce better quality plants.

Still find it hard to believe? Well let’s look at some figures.

Benches -5 @ 1.8 m X 7.2 m = area of 64.8 m?

Conventional layout new layout
(Figure 2) (Figure 5)

sSprinkler discharge 46 litres h™’ 46 litres h™
Sprinkler spacing 1.8 M centres 1.8 X2.7M
Mean application rate 8.8 mm h’ 9.5 mm h™
Scheduling coefficient 2.2 1.3
Time to apply 5 mm to 5X60X2.2=75min 5X 60X 1.3 =41 min
driest container 8.8 9.5
No. of sprinklers 25 30
Volume applied 1438 litres 043 litres
Volume per m? 22 14.6
Percentage saving - 34%
Wettest container receives 12.5 mm 7.5 mm
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Production beds - 12 m X 36 m bed = area of 432 m*

Conventional layout New layout
(Figure 3) (Figure 6)

Sprinkler discharge 318 litres h™’ 318 litres h'’
Sprinkler spacing 6 m X 6 m (3 m from edges) 6mX6m
Mean application rate 6.8 mm h™ 8.8 mmh™
Scheduling coeflicient 3.3 1.25
Time to apply 5 mm 5X60X33=145min 5 X 60X 1.25 =43 min
to driest container 6.8 8.8
No of sprinklers 12 21
Volume applied 9222 litres 4’786 litres
Volume per m* 21.3 litres 11.1 litres
Percentage saving 48%
Wettest container receives 24 mm 7.1 mm

So you’re interested enough to calculate the Sc for your own system? It’s a little
time consuming to do so but quite simple. You will need some containers, in the
Waterwork workshops we use round take-away food containers, but any container
the same size will do. Lay them out on a 1 to 2 m grid over a good proportion of the
area to be tested.

Now run the irrigation system for the normal length of time you might use. Using
a reasonably accurate measuring cylinder, go around and measure how much water
is in each container an record these on a sheet of paper. Total up the amounts
recorded and divide by the number of containers you use. This will give you the
average.

Now look at the original figures to find the smallest amount of water you measured.
Get your calculator and find out the Sc by dividing the average by this smallest
volume. If you have a result of less than 1.5 then congratulations. If not you are
probably overwatering and leaching excessive fertilisers from your containers. Time
spent at a Waterwork workshop could be time well spent.
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Experiences With Drip Irrigation

Gary Eyles
199 Pitt Town Road, KENTHURST NSW 2156

In the early 1980s we decided to change our nursery from a field growing to a
container growing nursery. One of the decisions we had to make was what style of
irrigation to use. Some of the factors affecting this decision were:
1) The amount of available water. One dam and the town water
supply. The dam was not enough for our needs and the town supply
too expensive for overhead irrigation.
2) Plants are generously spaced making overhead watering very
wasteful.
3) A system of rows and blocks of plants made a drip system easy to
design.
4) The length of time plants remained in one position was a minimum
of 18 months.
5) Use of a large polybag container suited the use of drippers.
6) Althoughit was much more costly toinstall dripirrigation, it meant
that water was not a limiting factor.

One block was set up as a trial simply connected to the town water and manually
turned on and off. This worked well apart from, as you would expect, the manual on/
off. An automatic controller was added and from then on we have been continually
developing our system. At present the system consists of:

m Two concrete tanks which fill from the town water supply, each
holding 22,000 litres.

= Two 1000-litre poly tanks for nutrient solutions.

= Two controllers each covering half of the nursery.

Valves at each station open and close by hydraulic lines to solenoids positioned
near the controllers inside a shed. Our site is prone to lightning strike which caused
problems with wiring and solenoids when they were in the field. Valves are set above
the ground making repairs and maintenance easy.

A fertiliser injector is connected to two poly tanks. Operation i1s manual at present
with the return of clean water going back into the main tank.

Each station has 5000 outlets which are fed from a central manifold with 20-mm
poly lateral mains. Tees connected to the dripper by 3/5 poly tube deliver the water
to the plant. Drippers are rated at 2 litre h™! but this will vary depending on the
pressure of the system. Ouroutputis 2.6 litre ht As youmay expect, irrigation times
vary with plant species and season. Our range would be from 3 min once a day to 8
min twice a day.

All systems need to be maintained if you expect results. With overhead irrigation
blockages or timing problems are very apparent. This is not the case with drip
irrigation. Often it takes some time to see a problem. The mix may become very dry,
particularly if the dry plant is hidden by those around it. Particular attention needs
to be given to the following:

®m Replacing blocked drippers. If statf are observant and carry some
drippers when doing their regular work this can be carried out as
part of their daily routine.
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®m The 3/5 poly tube can sometimes become brittle and break. These
breakages are repaired before the line is put back into use. The
main trouble we have had with this tube is that rabbits love to bite
1t off. They don’t just bite one either, they can bite up to 100 1n a
small area. This not only effects the immediate plants but also
reduces the pressure in the whole block. Many hours can be spent
repairing this damage, as it is more difficult to make repairs in
between plants.

# When bringing lines back into use it is important to flush first and
then water test to find any leaks or blockages.

m  Filters must be cleaned on a regular basis or the pressure in the
system will be low and plants will be under stress. This is more of
a problem if you are on a sloping site. The higher end of the block
will be under stress from too little water, while the lower end will
suffer from water logging. Maintaining the pressure at the
appropriate level will keep this problem to a minimum. Filters
must be cleaned more often if nutrients are delivered through this
system. Since we began liquid feeding 1t has become increasingly
important to chlorinate the system to reduce algal buildup. Self
cleaning filters would save time and may be a better option.

Many things must be considered when deciding how to irrigate your plants. Along
with those I have outlined in this paper, run-off from nursery sites is becoming an
important environmental concern. Drip irrigation can help greatly if you have
trouble collecting run-off from overhead systems. 1t 1s worth considering drip when
you next have to design an irrigation system or are planning an extension.
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Pre-Treatment of Bulk Samples of Certain Eucalyptus
Species to Enhance Germination

David O. Cliffe
Narromine Transplants, PO Box 123, NARROMINE NSW 2821

Increases in germination percentages were achieved when seeds of several
Eucalyptus species were subjected to a pregermination treatment and then
separated in sugar solutions. In one species, E. pilularis Smith, an increase in
germination percentage of 29% was achieved.

INTRODUCTION

With an upsurge in demand for seedlings of Eucalyptus for the establishment of
forestry plantations, there has been a need to develop techniques to increase seed
viability. A number of species, which have in the past been propagated via broadcast
and pricking in techniques, do not lend themselves to the single seeding practices
needed for the economic production of cell-raised seedlings. The more commonly
propagated species, such as E. globulus Labill. ssp. globulus and E. nitens (Deane
& Maiden) Maiden, belong to the subgenera Symphyomyrtus. This group has seed
that is usually of high viability, 780 and 2710 germinants per 10 g, respectively
(Langkamp, 1987). Two species that are currently in demand for planting along the
New South Wales north coast are E. pilularis Smith and E. cloeziana F. Muell., both
of which belong to the subgenera Monocalyptus. These species have been tested at
550 and 1210 germinants per 10 g, respectively (Langkamp, 1987).

Seed of Eucalyptus is collected by harvesting mature capsules from the tree. Once
the capsule has opened and its contents expelled, the spent capsules and opercula
are sieved from the bulk and the remaining sample is used for sowing. This sample
contains not only seed but large amounts of chaff comprising aborted seed and other
small parts of the inner capsule. In many species, in particular those associated with
the subgenera Symphomyrtus, it is possible to separate the chaff from the seed by
mechanical means. Fractionating aspirators, winnowers, gravity tables, and sieves
will give a clean sample that can be single seeded using needle type vacuum seeding
equipment.

With the subgenera Monocalyptus, there are often large amounts of aborted seed
present in the sample, even after a lengthy cleaning process. Microscopic examina-
tion reveals that the differential of mass, shape, and size between the viable and
nonviable portions are so small as to be almost unmeasurable. Part of the technique
of fluid drilling (Currah et al., 1974) employs the process of imbibition and
germination of seed to a point where the radical just emerges. The differences in
weight between those seeds that have imbibed and those that have not, can be
exploited by introducing the seedlots into a solution of approximately the same
relative density (Darby and Salter, 1976). Those seeds that have imbibed and have
a changed specific gravity will float, those that have not, because they lack
endosperm and therefore the ability to absorb moisture, will sink (Salter, 1978). This
process can be utilised to separate imbibed seedlots of E. pilularis and E. cloeziana
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but before radical emergence. The heavier portion can then be surface dried and
sown immediately using vacuum type sowers.

MATERIALS AND METHODS

Seed capsulesof E. pilularis were collected from mature trees and the seed extracted
from the capsules after drying in direct sunlight. The bulk sample was sieved to
eliminate expelled capsules, opercula, and other large material. Gravity table and
fractionating aspiration separation was then employed to eliminate the lighter
fraction of the seed sample, containing chaff, dust, and small aborted seed.
Immediately before the start of the imbibition process the seed was immersed in a
solution of 10 ml of 12% commercial bleach, one litre of tap water and 1 ml of
detergent, for 3 min. The sample was then rinsed with tap water to remove the
bleach and detergent.

Approximately 30 g of the sample was then placed into stainless steel baskets each
230 mm long, 80 mm wide, and 15 mm deep with a fine-mesh bottom small enough
to retain the seed and let excess water pass through. Eighteen of these baskets were
then placed on a frame inside a germinator constructed from a domestic chest
freezer. The freezer was connected to the water supply and tilled to a depth of 300
mm. An overflow at the 300 mm level allowed water to flow through the germinator.
A heating element and thermostat regulated water temperature and the water
reservolr was circulated by a small pump to ensure adequate aeration. A misting
system using a timer and commercially available propagating mist nozzles was
placed over the top of the baskets. The freezer itseltf was not operational for this
experiment. Water flowed through the germinator at 500 ml min"’ and the reservoir
for the treatment of E. pilularis was heated to 25C. Misting frequency was 10 sec
every 20 min from two nozzles.

Treatment time for E. pilularisisusually 40 h. The testa of the seed starts to become
translucent at this stage indicating that 1t 1s imbibing and that radical emergence is
imminent. Germination must not proceed beyond this point or desiccation will occur
during the surface drying process if the radical is allowed to emerge.

A separating solution was made by dissolving 1 kg of sugar in 1 litre of water. Five
litres of this solution was then placed in a bell jar fitted with a large tap at its base.
The imbibed seed was then emptied into the bell jar and lightly agitated. After a
period of about 1 min, seed starts to separate into two fractions. There should be a
clear delineation between the denser fraction on the surface and the lighter fraction
which falls to the bottom. The solution was then decanted through a sieve taking
first the bottom fraction, either discarding it or placing it back in the germinator for
a further perod, and then the top fraction. |

The seed from the top fraction was then washed thoroughly with fresh water prior
to storage or surface drying. Separated seed from the top fraction can be stored for
4 to 5 days in containers with fresh water which must be sealed and kept in a
refrigerator at a temperature of 3 to 4C. It is then placed into small net bags
containing 100 g of seed each, placed in an air stream at ambient temperature for
approximately 15 min and then sown.

RESULTS

Germination results for seed of E. pilularis treated by this method shows a
significant improvement (MclLeod pers. comm.).
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Table 1. Comparison of germination tests for seed of Fucalyptus pilularis Smith
before and after treatment (3 replicates).

Germination (%)

Treatment (after 14 days)
Gravity separated and aspirated 22
Manually separated {pure seed) 69
Aspirated, bleached and washed 29
Imbibed and separated in sugar solution 51
Residual seed left after separation 0
Squash test after separation 52
DISCUSSION

A significantincrease in germination percentage has been obtained asaresult ofthe
imbibition and sugar separation treatment. However, it has been observed that
there is a secondary phase of germination taking place approximately 30 days after
sowing bringing the percentage of germinants into line with the results shown in
Table 1 for manually separated, i.e. 69%. This phenomenon seems to occur with a
number of the subgenera Monocalyptus; in particular, E.pilularts, E. cloeziana, E.
obligua, and E. laevopinea when they are subjected to this treatment. From a
nurseryman’s point of view, an increase in the percentage of germinants of 29% for
a given sample, allows for single or double seeding. Using specially designed seeders
for this purpose, there are considerable savings to be had in the cost of production.
Ourresultstodate have been encouraging although a point has been reached, where
we believe it may not be possible to further increase the percentage of germinants
in samples of K. pilularis, via this process (McLeod pers. comm.).

It 1s quite possible that the species we are dealing with experience inherent
problems during the reproduction process, particularly at pollination. Viability may
also be affected by environmental factors prevailing during that period and timing
of harvest (McLeod and Schoer pers. comm.).
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Propagation of the Tree Waratah, Alloxylon flammeum
P. H. Weston and Crisp

Nerida J. Donovan
Department of Crop Sciences, University of Sydney, SYDNEY NSW 2006

Catherine A. Offord and Joanne L. Tyler
Mount Annan Botanic Garden, Mount Annan Drive, MOUNT ANNAN NSW 2567

Alloxylon flammeum P. Weston and Crisp (family Proteaceae) is anative Australian
rain forest plant which is classified as a rare and threatened species (Briggs and
Leigh, 1996). It is not widely cultivated, but has attracted the interest of the cut
flower industry and may also be a good rootstock for the more sensitive A. pinnatum.
Both are showy flowering trees with large spectacular flowers ranging in colour from
pink to red. There is limited published material on Alloxylon species and little 1s
known with regards to their propagation. There is also a lack of availability of
propagation material which prevents commercial production and makes research
difficult. The purpose of this study was to determine the best procedures for the
propagation of A. flammeum.

Alloxylon flammeum, also known as a tree waratah, is closely related to the NSW
waratah (Telopea speciosissima R. Br.). The primary horticultural use of waratah
is for cut flower production, with blooms being highly sought after on both local and
export markets (Worrall, 1994). A great deal of work has been conducted with regard
tothe cultivation and propagation of the waratah inrecent years, leading to a steady
increase in the number of waratah plants in cultivation and the number of blooms
available. These are more consistent in quality and quantity than the bush-picked
blooms that were relied upon in the past (Offord and Campbell, 1994).

Waratah, banksia, and protea blooms belong to the feature flower market, but
there 1s a definite shortage of Australian native feature flowers (Gollnow et al.,
1995). Australian native cut flowers are attractive to overseas buyers because they
are different. New species that would be suitable as cut flowers need to be developed
to maintain the interest of export markets, and to expand the choice available on
both the domestic and export scene. Recently there has been considerable interest
in developing Alloxylon spp. as a feature flower to fill this niche.

The main limitation to waratah production 1s the restricted marketing period.
Blooms are only available from September to October (Moody, 1993) with supply
dropping off before the pre-Christmas market peak. Alloxylon species have a long
flowering period from spring to early summer (Wrigley and Fagg, 1989), therefore
the blooms are still available once the supply of waratah has finished. The
spectacular red blooms of Alloxylon are similar to those of the NSW Waratah, but
more importantly they possess the red-green colour combination that is highly
sought after in the pre-Christmas market. This suggests that Alloxylon, in particu-
lar A. flammeum, has the potential to complement 7Telopea production and expand
the native cut flower industry.

The development of a successful propagation system for Alloxylon is not only
motivated by potential commercial gain, but also for conservation purposes. Alloxylon
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flammeum is classified as arare species (Briggs and Leigh, 1996) which is not widely
cultivated. The biology of the species is not well understood. Widespread cultivation
would help to increase our knowledge base and alleviate the threat of exploitation
of remaining stands ofthe species. In addition, A. flammeum may be a good rootstock
for the more sensitive A. pinnatum (P. Weston pers. comm.), another rare but
beautiful species which also has commercial potential. The latter will be the subject
of subsequent investigations.

The purpose of this study was to investigate whether A. flammeum may be
propagated vegetatively by cuttings and micropropagation, and if so, what are the
best procedures. Since little was known about the cultivation and propagation of
Alloxylon, the techniques used were largely adapted from those employed in the
propagation of Telopea species. Seed propagation was not investigated. Alloxylon
flammeum seed is difficult to obtain due to their limited distribution in the wild and
cultivated sources cannot supply sufficient seed for possible commercial planta-
tions. Itis alsolikely that Alloxylon populations grown from seed would show a great
deal of variation, as has been documented in seedling populations of Telopea
(Burnett and Mullins, 1985; Worrall, 1983). The development of an effective clonal
propagation system for A. flammeum would allow selected genotypes to be propa-
gated and commercial plantations to be established.

CUTTING PROPAGATION

Two basic experiments were performed looking at the effect of environmental
conditions and rooting hormones on propagation by cuttings. A root zone tempera-
ture of 24+2C gave superior rooting of A. flammeum cuttings compared to 18+2C,
and there was no difference found between mist and fog, with mist.being the most
commercially viable alternative. Telopea waratahs are generally propagated using
similar root zone temperatures, although no information is available comparing the
rooting of waratah under mist and fog.

Clonex” Red (8000 ppm IBA gel) gave significantly better rooting of mature A.
flammeum cuttings than the other hormones tested, which were Clonex® Green
(1500 ppm IBA gel), Clonex® Purple (3000 ppm IBA gel), and a 5-sec dip in 500 ppm
IBA/500 ppm NAA in 50% ethanol. However, less woody material may respond to

lower auxin concentrations since Telopea may be struck at more moderate IBA
levels of 2000 to 3000 ppm with toxicity occurring above 4000 ppm (Worrall, 1976).

MICROPROPAGATION
Two experiments were performed concentrating on the stages of initiation and
multiplication. It was found that pre-treatment of A. flammeum material with
gibberellins (GA, ) prior toinitiation into culture improved the success of initiation.
It was also established that a higher quality of explant is achieved using stem
segments taken from the tip and a tew centimetres below for inmitiation, and 1%
bleach for 15 minutes is adequate for surface disinfestation of material. These
results are similar to those for Telopea (Offord et al., 1992) and there is potential to
use growth regulator pre-treatment for preparation of many other woody species.
The value of BA (6-benzyladenine), 2iP (6-dimethylallyaminopurine), and TDZ
(thaidiazuron) as growth regulators for shoot multiplication in vitro was investi-
gated. BA at 0.6 uM produced the best results for A. flammeum explants. This
concentration of BA is lower than the 1.25 uM used for Telopea (Offord et al., 1992),
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but is closer to that used for some other Proteaceous species such as Stirlingia
latifolia which prefers 0.5 pM BA (Bunn and Dixon, 1992). 2iP produced good
elongation and quality of shoots, but the shoot number was not as high as for BA.
TDZ, even at the lowest end of the accepted working concentration (0.035 uM)
produced very bushy explants with many short unusable shoots. Preliminary
studies suggest that rooting conditions for A. flammeum explants are similar to
those required by Telopea (Offord and Campbell, 1994).

Propagation of A. flammeum was achieved in this study by cuttings and tissue
culture. Basic parameters for propagation by these techniques have now been
established and the system chosen by plant propagators will depend on the number
of plants required and the facilities available. Studies on postharvest and cultiva-
tion across a range of environment and cultural regimes should be the next stage in
the development of tree waratahs.
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Propagation of the Wollemi Pine

Glen Fensom and Catherine Offord
Mount Annan Botanic Garden, Mount Annan Drive, MOUNT ANNAN NSW 2567

The Wollemi pine, Wollemia nobilis, is a newly discovered genus and species
of the southern hemisphere family Araucariaceae. it is a rare and endangered
species, with fewer than 40 adult trees existing in the wild. There is consider-
able horticuitural interestinthis species and research at Mount Annan Botanic
Garden is concentrating on propagation of this species by seed, cuttings, and
tissue culture. Of these techniques, cutting propagation of orthotropic juve-
hile shoots is the most promising.

INTRODUCTION

The Wollemi pine (Wollemia nobilis W.G, Jones, K.D. Hill, and J.M. Allen) was
discovered in a rough and difficult-to-access gorge in the Wollemi National Park by
park worker David Noble in late 1994. Wollemi National Park is located 150 km
north-west of Sydney, the largest city in Australia. Only two small populations of the
species have been discovered and the number of trees total no more than 40.

The existence of the Wollemi pine was previously only hinted at by fossil records
and its closest relative 1s found as a fossil record from Bass Strait and is dated to 2
million years BP (Hill, 1996). It belongs to the family Araucariaceae, once a wide-
spread conifer group during part of the Cretaceous —Jurassic period (94 to 30 million
years BP), that is now confined to parts of the southern hemisphere such as eastern
Australia, New Guinea, New Caledonia, and South America. Many of these species
have economic value for forestry or ornamental horticulture. The Wollemi pine is
unique and it is so different from the other extant species of Araucariaceae, Agathis
(the Kauri pines) and Araucaria (which include the Norfolk Island pine and monkey
puzzle tree), as to be classified as a new genus (Jones et al., 1995).

The restriction of the Wollemi pine to a sheltered gorge, may be the result of the
frequent fire regime that accompanied the drying of the Australian continent over
time rather than a preference for this type of habitat. The plants existence there is
tenuous due to the fragile soil, rock falls, and now, by the discovery by man. The
Wollemi pine is extremely rare and endangered, but paradoxically its discovery has
generated an enormous amount of interest in it as subject for cultivation, which may
in fact further endanger the species through pressure to view and cultivate the
plant.

The New South Wales National Parks and Wildlife Service and Royal Botanic
Gardens Sydney have devised strategies for conservation of this species which
include limited access to the site (Offord, 1996). Very few seeds are produced and
material for vegetative propagation is also limited. Therefore, a propagation
research project is in progress at Mount Annan Botanic Garden (the Australian
Native Plant Garden of the Royal Botanic Gardens, Sydney) which aims to
eventually produce plant material for distribution. Emphasis is on minimal collect-
ing from the natural site and mass propagation from stock plant material.
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SEED PROPAGATION

The Wollemi pine is monecious and bears female cones high up in the crown of the
tree, whilst male cones are located some metres below. All cones are borne
terminally. Male cones release their pollen in spring and the embryos develop for
approximately 18 months before the cones ripen and shatter, dropping seeds over
a period of weeks. Very few potential seed develop in the cones and there are only
approximately 10 seeds per cone. Trees do not produce many cones, and, as there are
very few trees, the total number of seeds that can be harvested is inadequate for
large-scale propagation.

Only a small amount of seed has been collected. However, there has been enough
to determine the basic parameters for germination. Adequate germination is
achieved through sowing fresh seed at 25C. There is a considerable lag period for all
seeds to germinate and studies are now concentrating on breaking dormancy
through temperature control and chemical treatment. Plants propagated by seed
are being studied for growth characteristics and used as a source of cutting material.
They are also being used for DNA fingerprinting studies to determine the genetic
variability within the species.

VEGETATIVE PROPAGATION
By far the best material for propagation is the juvenile orthotropic (upright)
material that is found growing on the trunks of the trees. This material is in short
supply in the wild and we have now produced stockplants from which this material
can be harvested. Juvenile material is easily distinguished in this species because
ofthe two-ranked leaves arranged on either side of the branch, similar to Cephalotaxus
branches, whilst adult material has four ranks on each branch. It is necessary to use
the orthotropic material to achieve the “seedling” or upright shape of the plant.
Wollemi pines axillary buds appear to be strongly determined in their orientation,
as for many conifer species, and plagiotropic (lateral) branches continue to grow
sideways giving a lopsided plant that may have some use as ground cover or rockery
specimen.

Cutting material can be propagated using a range of auxin treatments and
glasshouse environment conditions, and the optimum conditions for propagation
are currently being examined.

TISSUE CULTURE

There are very few reports of successful propagation of species of Araucariaceae and
research so farindicates that the use of this method will be limited for Wollemi Pine.
Axillary bud growth and root production is slow. Cell lines have been established
from cotyledons and organogenesis and somatic embryogenesis are being investi-
gated.
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Germination of Native Grasses and Their Establishment

R.D.B Whalley
Department of Botany, University of New England, ARMIDALE NSW 2351

INTRODUCTION

There are about 1000 species of native grasses in Australia which must be well
adapted to this environment in order to persist. An important feature of this
adaption is the ability to reproduce and survive despite variable rainfall and the
generally low level of available plant nutrients in Australian soils.

Different species have evolved strategies which allow them to survivein a widerange
of physical and biological environments. Grime (1977) suggested that the two most
important groups of factors affecting the survival of plants are stress and disturbance.
He also suggested that plants have developed strategies to cope with three of the four
possible combinations of high and low stress and disturbance (Table 1).

Table 1. Plant strategies associated with the four possible combinations of high and
low stress and disturbance (after Grime 1977).

Intensity of Intensity of stress

disturbance High Low

Low Competitors (C) Stress-tolerators (S)
High Ruderal (R) (No viable strategy)

The level of stress is determined by factors such as the level of soil fertility, the
amount of soil water available, and similar features of the environment. Distur-
bance, on the other hand, refers to processes such as physical disturbance of the soil
or defoliation by grazing animals. A feature of stress-tolerators (Table 1) is low
seedling relative growth rate, of competitors is a somewhat higher seedling relative
growth rate while the seedling relative growth rate of ruderals 1s the highest of the
three (Table 2).

The stressful Australian environment in terms of a high probability of the
occurrence of seasonal or aseasonal drought coupled with generally low soil fertility
has led to the evolution of a flora containing a high proportion of stress tolerators
with low seedling relative growth rates and grasses are no exception. Jones (1996)
demonstrated the slow early growth rate of Wakefield microlaena and Taranna
danthonia in comparison with four exotic perennial grasses. This slow early growth
rate means that competition from weeds (ruderal species) can inhibit the establish-
ment of native grasses from commercial sowings.

ANCILLARY STRUCTURES

The ancillary structures surrounding grass caryopses are often associated with seed
dispersal and have important effects on seed germination and the subsequent
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establishment of seedlings. Many authors, e.g. Lodge and Whalley (1981) have
shown that the removal of the ancillary structures often reduces the proportion of
dormant seeds. These structures can also be important in affecting the orientation
of seeds grass dispersal units on the soil surface, and germination and subsequent
seedling establishment. Peart (1984) has shown that the sterile lemmas and awns
of microlaenaresult in the seeds dropping with the embryo end downwards and that
seeds remaining in this position have better germination and better seedling
establishment than seeds lying horizontal. Other species have ancillary structures
which function to bury seed in the soil or to move the seed along the surface of the
soll until it meets an obstruction giving it a preferred micro-environment for
germination (Peart, 1984). The presence or absence of these ancillary structures can
be ofimportance in the germination of seeds of native grasses in a nursery situation.

Table 2. Seedling relative growth rates (RGR) and established strategies of several
species of grasses (from Grime et al., 1988).

Plant Seedling RGR Established
week ! strategy

Festuca ovina 0.5-0.9 S

Koeleria macrantha 0.5-0.9 S

Anthoxanthum odoratum 0.5-0.9 SR & CSR

Lolium perenne 1.0-14 CR & CSR

Dactylis glomerata 1.0-14 CSR & C

Phalaris arundinacea 1.0-14 C

Poa annua 1.56-1.9 R

SEED DORMANCY

Seed dormancy can be centred in the ancillary structures surrounding the caryopsis,
be associated with impervious seed coats, or with the embryo or endosperm itself.
Freshly harvested mature seed of many species of Australian grasses will not
germinate immediately and possess primary dormancy (Whalley, 1987). This
primary dormancy is sometimes broken by the passage of time or it may require a
specific sequence of environmental conditions before the seeds will germinate. The
uneven and delayed germination can lead to problems for the commercial propaga-
tion of species with primary dormancy.

Non-dormant seed planted in the soil will sometimes develop secondary dormancy
depending on the time of the year it is planted and the subsequent environmental
conditions. Secondary dormancy sometimes requires specific environmental se-
quences for it to be broken and is also associated with the sensitivity of seed in the
soil seedbank to the existence of a plant canopy which may inhibit seed germination.

A number of techniques including seed storage under room conditions, subjecting
dry seeds to alternating temperatures between say 20 and 60C for several months,
the use of gibberellic or sulphuric acid in seed treatments, or a number of
scarification techniques have been used to break primary dormancy in seeds. When
germinating fresh seed of an unfamiliar species of a native grass, it is advisable to
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attempt to find successful techniques which have been used in the past. An
alternative approach is simply to store the seed for about 12 months before use and
hope that the intervening time leads to a sufficient decrease in seed dormancy for
the sample to be useful.

TEMPERATURE AND GERMINATION

Different species of native grasses will germinate over sometimes widely differing
ranges of temperatures. Some have a narrow range whereas others have a far
broader range. In addition, some species will germinate better under alternating
than constant temperatures and there is no substitute for detailed knowledge of the
germination conditions required for individual species. Whalley (1987) lists the
temperature requirements for some Australian native grasses and the newly
formed Australian Native Grass and Legume Seed Industry Association (ANGLSIA)
hopes to start collating such information to make it generally available. In general
terms, those species adapted for growth during the cool season of the year have lower
germination requirements than warm season grasses.

SPACE, DEPTH OF PLANTING, AND GERMINATION

The importance of bare ground for the germination and establishment of plants
ranging from rainforest species through to grasses is now well established. Most
species will not germinate, or if they do the seedlings will not survive, beneath an
established plant canopy. Depth of planting is also critical and in general terms,
deeper plantings will be less successftul with smaller seeds.

PROPAGATION OF AUSTRALIAN NATIVE GRASSES

Because the optimum conditions for the germination of seeds of many native grasses
are simply not known, simply planting them 1n soil in a pot in a glasshouse and
watering in the hope that the seeds will germinate is often a waste of time. It is better
toattemptto germinate seeds on an appropriate mediumin petridishes sothat some
information can be obtained even from seeds which do not germinate. Many samples
of native grass seed contain endogenous microorganisms both fungi or bacteria and
which can be given appropriate treatment if the germination is observed on a daily
basis. Successful seedlings can be carefully picked up with a pair of forceps when the
radical is less than 1 cm long, planted in holes in soil and carefully watered. After
establishment, many native grasses may be susceptible to over watering or the over
application of nutrients particularly if the plants have become pot-bound. A good
rule of thumb with established native grasses is to wait until the surface soil in the
pot i1s dry before watering.
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Propagation of Flannel Flowers (Actinotus helianthi)

Lotte von Richter and Catherine Offord
Mount Annan Botani¢c Garden, Mount Annan Drive, MOUNT ANNAN NSW 2567

INTRODUCTION

Flannel flowers (Actinotus heliantht) are attractive plants endemic to the eastern
regions of Australia, particularly on the sandstone areas along the coast of NSW.
They are an emerging cut flower crop and there is also considerable interest in this
species as a potted plant. For the past 2 years, work carried out at Mount Annan
Botanic Garden with the support of the Rural Industries Research and Develop-
ment Corporation, has concentrated on the development of flannel flowers for
horticulture with emphasis on cut flower production.

Flannel flowers were often considered difficult to grow (Offord and Tyler, 1993)
and various methods have been assessed for the commercial development of this
perennial herbaceous species. Propagation, previously considered one of the major
limitations to the development of this species for horticulture, is now a matter of
choosing the appropriate technique and plant material.

SEED GERMINATION

Extensive experiments have determined the nature of unreliable germination of
flannel flower seeds. Actinotus seeds are often dormant at dispersal and they require
a period of after-ripening to mature and improve germination. It was found that dry
storage for several months increased the germinability and germination could also
be promoted by removing the seed coat and testa (Lee, 1996). There is also
considerable variation in the germination of seeds collected from different sites.
Flannel flower seed may be germinated in dark or light and the optimum tempera-
ture is between 12 and 15C (Offord and Tyler, 1993; Lee, 1996). Armed with this
information we set out to determine a simple and robust system that can be adopted
commercially.

We have found that chemical treatment of seed has been very successful in
improving seed germination of flannel flowers. The most promising treatment is the
“Instant Smoke Plus” seed primer produced by Kirstenbosch National Botanical
Institute in South Africa. These filter papers contain various water soluble sub-
stances particularly smoke and other common seed germination stimulators (Brown
et al., 1995). These substances are leached out of the filter paper in 50 ml of water
and the seeds soaked for 24 h before sowing. Ten different seed collections tested
using the seed primer showed improved germination compared with seeds soaked
overnight in water. The final germination percentages for these ten seed lots varied
between 68% and 96% for the treated seeds and 5% and 59% for the untreated seeds.

The success of smoking alone on seed germination of this species appears to be
highly dependant on the application conditions. Smoking of seed for various lengths
of time (using a bee-smoker and an enclosed unit) and application of smoked water
(Roche et al., 1994) have been evaluated for germination stimulation of A. helianthi,
however the results are variable and inconclusive. Some seed collections did not
respond while others were inhibited by these pretreatments.
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Different germination results for various seed collections indicate that genetic and
environmental factors play an important role in the viability of flannel flower seeds.
It is important now to select lines with consistently high germination rates and
blooms suitable for sale as cut flowers.

CUTTING PROPAGATION

Research at Mount Annan Botanic Garden has established that flannel flowers can
be successfully propagated vegetatively. Cuttings can be taken throughoutthe year,
although the new growth occurring after flowering is ideal once it 1s hardened off.
This occurs in autumn (March to May). Softwood tip cuttings 10 cm long, with the
apex removed to encourage new shoot development, perform best. The lower leaves
need to be removed below each new bud carefully avoiding damage to the stem
tissue, leaving approximately 3 to 4 leaves near the top. Decreasing the foliage will
help reduce fungal problems.

Mist (5 secevery 15 min)is a superior glasshouse treatment to fog as many cuttings
rot in the latter environment. During cooler weather, the root zone temperature
needs to be maintained above 20C. A well drained mix such as perlite, sand, and coir
(4:1:1, byvolume)isrequired (Offord and Tyler, 1996). Roots appear within several
weeks under optimum conditions. Although not essential, cuttings root faster if IBA
up to 3000 ppm is applied as a gel or alcohol dip. Roots are easily damaged and care
must be taken when potting on.

MICROPROPAGATION

Micropropagation techniques have been developed to commercial standard for one
variety of flannel flower and a number of other varieties are currently being
assessed. The basic medium used is Murashige and Skoog (MS) medium containing
a cytokinin, either BA (benzyladenine) at 5 uM or 21P (dimethylallyamino purine)
at 10to 12 uMin combination with an auxin like IBA at 0.2 uM. A multiplication rate
of at least three times is possible after a 6-week period. Microcuttings can be planted
out under a standard misting system and they will strike within 2 to 3 weeks. The
use of a softwood rooting powder is beneficial although like conventional cuttings,
flannel flowers from tissue culture will produce roots without auxin treatments. The
most successful microcuttings are the apical sections, followed by the stem sections.
Multiple stemmed microcuttings are unsuitable as they suffer from a higher
incidences of fungal growth and consequently breakdown.

A general observation is that the taller growing forms of flannel flower adapt
readily to tissue culture conditions. Shorter types have problems initially with
microbial contamination due to the proximity to soil or potting mix and because of
the short internodes. They are slower to grow once established and work 1s required
to determine optimum growing conditions.
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Grafting Dwarf Ixora Standards

Des Boorman
PO Box 468, EDMONTON QLD 4869

The Ixora genus belongs to the Rubiaceae family along with Gardenia and Rondeletia
which are two other important ornamental genera (Bailey, 1976). However, unlike
the other two, Ixora does not have a strong perfume.

The inflorescence of this genus consists of 50 to 80 waxy star shaped flowers held
in dense terminal and axillary corymbs. All are extremely ornamental with the
dwarf cultivars being no exception. Colour range is from red through orange, pink,
yellow, and white.

Dwarf cultivars put on spectacular show during summer and autumn. They are
used extensively in median strips and roundabouts in the tropics due to their low
growth habit, hardiness, and colour. Several taxa are also used for hedges.

The object of grafting dwarf taxa onto hedge type Ixora rootstock is to produce a
semistandard plant with compact growth and high impact flowers. These are ideal
for use in tubs by the pool side and even up your driveway.

ROOTSTOCKS

Most Ixora taxa have a relatively short growing season which limits viability of
rootstock production from tip cuttings.

Observation of a couple of unkempt hedges of I. coccinea L. revealed terminal
growth 0.8 to 1.0 m in length. These looked i1deal for instant rootstocks.

Theselong semihardwood growths were taken for preparation during wet weather
to prevent excessive desiccation. On return to the propagation shed this material
was placed in water containing 100 ppm chlorine.

The cuttings were prepared with a basal cut just below a node. The cutting length
was standardised at 80 cm. The apical bud was left intact and any axillary branching
removed. Eight to 10 pairs of top leaves were retained.

The cuttings were dipped into IBA (2000 ppm as Rootx-L) and stuck into a double
layer of LC3 Oasis® root cubes for stability and root depth. Baling twine was then
used to tie the tops of the cuttings together. It is important not to let the cuttings
desiccate during this process

Roots initiate in 6 to 8 weeks. After hardening the plants were potted into 125-mm
containers filled with a medium composed of equal parts of composted pine bark
fines and quincan (a crushed porous basaltic rock). Nutrients were supplied in the
form of Osmocote Plus® 8 to 9 month at recommended rates.

Once established the rooted cuttings are now ready for grafting. All axillary
srowth is removed, with any leaves present retained on the main stem. The plants
are held in a hothouse environment.
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SCIONS
Scions selected are 2 to 3 mm in diameter, soft to semihardwood with active
growth and a length of 75 mm. They are immersed in water with chlorine (100 ppm)

added for 5 min and then rinsed and drained before grafting. Leaf length is reduced
by half.

GRAFTING TECHNIQUE

The plants are whip grafted. The object is to produce an instant “ball on stick” or
standard Ixora. This means that the rootstock cuttings are 80 cm tall —the rootstock
is in a gradient of semihard (2 year old) at one end (the rooted one) to increasingly
soft towards the tip of the cutting (current years growth). So, it is important that the
oraft be made in the right spot, i.e. not right at the tip where the rootstock is so soft
that 1t wilted and couldn’t support the graft and not too far down in the harder older
tissue where callus production is slow and the graft doesn’t take either. The scions
are prepared in a similar manner, with a match of both cambium layers preferred.
The graft is wrapped with two to three layers of Nescofilm® lab tape using the “nail
winding technique” (Boorman, 1991).

The newly grafted plants are placed into trays of water 20 mm deep under mist
until callus forms and tape splits (3 to 4 weeks). They are then sun hardened.
Rootstock growth is very vigorous and needs to be checked twice weekly and
removed.
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Propagation of Mondo Grass

Michael Gleeson
Castle-L.yn Nursery, 1191 Old Northern Road, MIDDLE DURAL NSW 2158

I am here today to tell you how I propagate mondo grass (Ophiopogon japonicus)!!

Now you may ask why this guy is getting up here and telling us about something
any propagator knows how to do? Why, it’s so easy that the job is usually given to
the junior staff to do. We know that all you have to do 1s stick a few bits into pots or
in the ground, leave them there for a few years fighting with the weeds, and when
you think about it go and get them and divide them. But what if the boss comes to
you one day and tells you that you are to produce 5000 plants every year for the next
3 years in tubes. Your problem now is to know how much stock material you need
to establish to produce the plants required, and how to do it in a specified time frame.
This is where I may be of some use to you by presenting this paper.

We all know of course that mondo grass is propagated by division. It can also be
grown from seed, and I will come to this later. I will start with the production of the
stock plants. The best time of year to do this project is August (early spring). Stock
plants are grown in 200-mm squat pots and are established by planting four tubes,
that have been held over from last years output, into a good quality potting medium.
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A mix that is a bit on the sandy side 1s better as I find it easier to shake out later.
A dose of 8-9 month Osmocote”® (18-2.6-10) or similar is added at potting. These pots
are then placed into the nursery in a position that is protected from the hottest part
of the day. This group of stock plants is fed on a regular basis with the normal liquid
feed programme which in my case is Peters” ( Peat-Lite High N ) fertilizer every {
to 10 days. These plants will then be left to grow over the following season and will
not be dealt with until next August. It is important to keep weeds under control.

It is now 12 months later and time to divide the stock plants. The pots are brought.
to the work area and the soil is shaken vigorously from the roots (it is easier to do
if the soil is a bit on the dry side at the time). The clumps of material are now placed
on the work bench where the job can be carried out in comfort. Division is done with
an old pair of secateurs (blunt blades) or with a pair of cheap scissors. I cut off all the
newest rhizomes first, then I cut the central clumps into as many plantable pieces
as possible. The size of the plantlets varies considerably, the smallest being about
13mm high to pieces that may be difficult to fit into a tube. These pieces are then
planted into 50-mm tubes. Trays of tubes are then placed out into the shadehouse
to grow on and these are saleable about 4 to 5 months later.

Over the years I have been keeping a record of how many plants I can obtain from
each stock pot and have found that a return of 15 to 1 has been a consistent figure.
This means that every four tubes planted in an 200-mm pot returns 60 plantlets.
Therefore, if you require 5000 a year you need to plant about 85 stockpots with 340
tubes. Every year it will be necessary to keep back from sale 340 tubes to plant on
to obtain your required supply of stock for the following season.

Seed is also a useful way to propagate mondo grass and this can be done at the same
time. My stock plants flower while they arein the growing on phase and the resulting
fruit is ripe at the time the plants are divided. The seed is collected during the
division process and put aside to be planted later. I don’t clean the fruit pulp from
the seed, I just sow it as it comes into a good quality potting media. Germination
takes about 8 to 10 weeks and the germination rate is high. Seedlings are planted
out when they are big enough to handle. Seedlings establish at a similar rate to the
divided plantlets.
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An Alternative Method of Budding Fraxinus angustifolia
‘Raywood’ (Claret Ash)

Graham C. Parr
Parr’'s Nursery, 1382 Bermagui Road, COBARGO NSW 2550

UNDERSTOCK

The understock that I use is a cross between Fraxinus americana and F. oxycarpa.
It was first introduced to the trade by Hazlewood Nursery, many years ago, for its
superior root system and its ability to grow from hardwood cuttings. I obtained my
original cuttings from an old tree in an old nursery at Mt. Irvine in the Blue
Mountains of NSW. I wasn’t sure of its species so I asked John Teulon to identify it.
He had known about this tree for years but as this tree had died and he did not know
of any others, he had assumed that it was no longer available in Australia.

My stockplants of this tree are now 7 years old and get pruned back to approxi-
mately 90 em each winter. In spring, the many new water shoots grow rapidly to 1.2
to 1.8 m in length. They have a high percentage of inter nodal length of 200 mm or
more.

BUDDING
Budding 1s done onto the stockplant in mid to late March (early autumn), atter the
branches have grown sufficiently but before the sap stops tlowing.
I generally use a T- bud however last year I did a chip bud as the sap had stopped
flowing. The success rates of both methods of budding are the same (very good).
The bud is positioned approximately 180 mm above each node along the length of
the cane. This gives between 4 and 8 buds per cane. The beauty of budding like this
is that I can stand beside the tree, mostly with my back straight, not kneeling on the
ground with a bent back. When they are tied, I like to leave the bud exposed. They
are then left until August (late winter).

CUTTINGS

In August, the canes are collected from the stock bed and taken to the shed for processing.
The cuttings are made with a node at the bottom and the inserted claret ash bud at the
top. The pair of bottom buds at the node are removed very deeply so there are no
understock buds on the cutting and then treated with IBA at 8000 ppm.

PLANTING AND GROWING
The cuttings are planted in one of our standard hardwood cutting bed. This 1s 30 cm

high by 90 cm wide and 40 m long. It 1s compost-enriched soil topped with strawberry
mulch plastic (only 25 uM) which the cuttings are inserted straight through. They

are planted on a 10-cm diagonal pattern and watered via a T-tape system and/or
overhead sprinklers. All buds are faced to the south, as this reduces the incidence

of “hockey-stick” trunks.

They start to shoot away at the end of September. At this stage the ties are
removed. The plants generally grow nice and straight and rapidly throughout the
year and reach between 1.2 and 1.6 m high.
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DIGGING

We start digging in early July. We can not start earlier as most of our plants are 1
year old and have an in-built juvenility factor, so they tend to hang onto their leaves
Jonger into winter.

We have a cable drawn digger which undercuts the plant and loosens the soil from
the roots. They are then taken to the shed for grading and placing into orders. All
our plants are dispatched free of soil to all parts of Australia.

REASONS FOR SUCCESS

1) Suckering is not a problem, on juvenile or mature trees, with this
method.

2) Growth rates are very similar when using a clonal understock, not
seedlings.

3) Budding is done at a time of year when there is less work to do in
our nursery. Grafting is done in winter when we are busy. We have
previously done claret ash by root grafting in winter.

4) Itis cheapertostick a hardwood cuttingin the ground than to plant
a 1-year-old seedling.

5) As the budding is done standing up, there are no sore backs from
grovelling in the dirt. |

6) Fits in well with our production as it is growing in the ground for
1 year.

7) Any member of staff can make up the cuttings.

8) Plants present well as all buds are 180 mm above root development.
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Wildflowers of the Sydney Region and Their Suitability
as Cut Flowers

Jeremy A. Smith
The Wildflower Farm, RMB 3635 Grants Road, SOMERSBY NSW 2250

INTRODUCTION

There are over 6000 plant species throughout NSW with many showing tremen-
dous horticultural merit. This paper will focus on several species with horticultural
potential from the Sydney Region which have been of great interest to me for many
years. In recent years there has been an escalating interest in our native species for
use as cut flowers both on the domestic and export markets. With demand
expanding, it has become essential for commercial row cropping to take place rather
than rely on material harvested from wild populations. However, it has been from
the harvesting of wildflowers from natural stands that the cut flower potential of
many native plants has been realised.

For the development of a strong domestic and export market, the introduction of
new and exciting species and cultivars is of utmost importance. When introducing
a new cut flower species into cultivation it is essential that the plant has a suitable
vase life when cut. As a guide 10 to 14 days is worthy of turther investigation.
Following this, the ease of propagation, adequate stem length, ease of production,
and disease resistance are other significant considerations. From a marketing point
of view, filling a period when little else is in flower is an added advantage.

In the past few years, export sales of Sydney region flora including, Blandfordia
spp. (Christmas bells), Ozothamnus diosmifolius (rice flower), Actinotus helianthi
(flannel flower), Ceratopetalum gummiferum (Christmasbush), Telopea speciosissima
(waratah), and Doryanthes excelsa have yielded impressive returns. The strong
overseas market demand for these products has meant that greater focus from
growers and research institutions hasbeen placed onthe production and postharvest
development of these species.

NEW WILDFLOWER CROPS

Having grown and introduced into cultivation many eastern Australian wildflowers
for cut flowers, itis my experience that florists want variety of type, colour, form, and
texture. Many species from the Sydney region exhibit these characteristics. How-
ever, some impediments that prevent some exciting introductions into cultivation
are usually associated with difficulties in propagation techniques and the abihty to
be intensively farmed. For example, Eriostemon australasius is recognised as a
showy focal filler flower that has been highly sought after by tlorists and exporters.
However, the seed is hard to germinate and cuttings are slow and often difficult to
root and thus the development and production of this species 1s limited.
Conversely, success in the development of rice flower, Christmas bells, and
Waratah which do not have the same propagation difficulties, has meant that
extensive plantings and selection are being undertaken. Animportant crop that was
recognised at a Rural Industries Research & Development Corporation workshop
in 1995 was Ceratopetalum gummiferum, the NSW Christmas bush. The cultiva-
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tion, selection, and marketing of cut flower stems of this species has been a major
success for our business.

For the past few years, our wildflower farm has been working on development and
selection of cultivars of NSW Christmas bush. Our initial plantings of seedling stock
have given us a sound base from which to draw new and interesting colours and
forms. The export returns of cut stems from Ceratopetalum gummiferum ‘Albery’s
Red’ have been very promising and this recognised cultivar has acted as a bench-
mark for our new colour selections. There is some interestin the various colour forms
that have been found amongst our seedling population, particularly the deep red,
white, salmon, and pink types. We are now bulking up numbers of several types of
these colours and investigating selections that exhibit increased vigour.

CONCLUSION

Recent export success has shown what can be achieved with several species that are
indigenous to the Sydney region. However, to develop a sound industry base for both
domestic and export sales, there needs to be an improvement in quality standards.
The development of a strong grower base and the increased production under
cultivation will ultimately allow for a consistent supply of uniform products of our
unique flora.

Another important aspect in the development of new crops is that there needs to
be a greater liaison between growers and researchers. It is almost impossible for a
orower to adequately address all aspects of selection, propagation, nutritional
requirements, and postharvest treatments for each individual species being trialed
on their property.

Asagrowerof Australian flora we are faced with an exciting opportunity to provide
native cut flower materal for floral tributes for the Olympic games in the Year 2000.
With this platform, Australian growers will be able to showcase the unique, diverse,
and unusual flora this country has to offer. The international recognition associated
with such an event will no doubt open up new export market avenues and in turn
channel funding towards research and propagation of the many species with
horticultural merit which have not yet been fully explored.
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Propagation Experiences With New Winter Flowering
Gladiolus Cultivars

Angus Stewart
52 Narara Creek Road, NARARA NSW 2250

Think of Gladiolus and most people immediately mention the incomparable Dame
Edna Everage. Unfortunately the great Dame seems to have given “gladdies”
something of an unfashionable image, although I can’t imagine why. A comprehen-
sive breeding programme by Mr. Fred Meyer of Escondido, California is set to
change the image of Gladiolus once and for all.

The traditional horticultural Gladiolus are summer-flowering types with charac-
teristic monster-sized blooms. These types tend to dominate our perception of
“oladdies”, but unfortunately they do not do justice to the extraordinary diversity
and beauty of this large genus. There are some 250 species of Gladiolus found
throughout Africa (including tropical areas) and the Mediterranean region. Ofthese
only a small handful are represented in the commercially available Gladiolus
cultivars. Species that have rarely if ever been used in breeding feature delectable
perfumes(e.g. G. caryophyllaceus), orchid-like flowers(e.g., G. orchidiflorus), ornate
markings, and multiple colours on the one flower. In addition, many of the species
flowerinlate winter and spring — thus complementing the summer-flowering types
from a grower’s point of view.

The basic objective of Fred Meyer’s breeding programme has been to incorporate
the features of the more unusual and desirable species with the traditional summer
flowering tetraploid cultivars that have dominated the scene for so long. This paper
looks at some of the experience gained in the breeding and propagating of this
unique group of hybrids.

The first problem to be overcome in the breeding programme was the fact that the
parents of most of the hybrids flowered at different times. As most of the wild species
used are winter- or spring-flowering, while the other parents were tetraploid
summer-flowering types. Pollen storage was the obvious answer and to do this whole
anthers were collected just before anthesis and were placed in gelatine capsules
(obtainable from some chemists). The capsules were then placed 1n jars with
moisture-absorbing silica gel and then stored in a freezer for up to 6 months. When
the summer-flowering female parents were flowering the pollen was thawed out and
applied to them.

Initial selections were made about 5 years ago from many thousands of hybrid
seedlings. Cormlets from the initial selections were used to initiate tissue cultures
to bulk up promising clones for trial work. Tissue culture has also been a great
benefit for transporting the material to different countries. In addition the varieties
were also indexed for viruses and keeping clean mother stock in culture means that
virus free stock can always be maintained. Gladiolus are very responsive to
standard tissue culture media and the techniques have been well documented in the
past. The multiplication rate of different hybrids varies enormously with some
clones being extremely prolific.

Hardening off tissue culture material can be done in a couple of difterent ways.
Firstly, actively growing shoots without significant corm development are planted
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out and can be grown to flowering size in one season. Secondly, by elevating the
amount of sugar in the medium, cultures can be induced to form corms in vitro thus
making planting out less risky. Both techniques are very successful.

The next phase involves growing the plants through to flower. Once corms reach
flowering size they produce cormlets at their base and these can be used for further
multiplication. The growing seasons of the new hybrids has proven interesting. The
fact thatthey are hybrids between winter and summer growers has meant that some
selections have the ability to grow virtually year round. Other selections, on the
other hand, have been better suited to either winter or summer but not both. There
are obvious advantages to growers with the year-round types.

This project represents a very interesting breeding experiment in that it has
incorporated germplasm from an extensive collection of wild diploid species with
tried and trusted tetraploid cultivars. The result is a new range of triploid cultivars
which gives them a series of useful characteristics. They are sterile and therefore
will not set seed, meaning that they are highly unlikely to ever escape from
cultivation. Triploids also tend to be easier to grow than tetraploids in that they are
not quite so big and brittle. The flowers of the new cultivars are generally
intermediate in size, something that makes them instantly distinguishable from the
tetraploid cultivars.

In summary, the Fred Meyer Gladiolus hybrids represent a fascinating collection
of new cultivars that have a diversity and charm that 1s far more representative of
the whole genus. We can look forward to an array that features perfume and orchid-
like flowers.
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A Method for Germinating Anthurium scherzerianum

Marcus Peterson
Avrimar Farm, 204 Glenview Road, MOOLOOLAH QLD 4553

INTRODUCTION

For some time it has been apparent that many growers of Anthurium were
experiencing difficulty obtaining satisfactory germination of the seeds of this most
desirable plant. Plant division was practised to a large extent to increase numbers,
particularly in the cut flower industry. The advent of plant tissue culture and the
subsequent development of satisfactory techniques that would produce reasonable
multiplication rates, made this an economically viable proposition for growers to
some extent.

However, some growers still like to produce their own seedlings, experimenting
with specific cross hybridisation to produce plants that they hope will have unique
characteristics — which is a great source of personal pride of achievement.

The very short viability of Anthurium seed meant that it was necessary to sow the
berries very soon after ripening and harvest. As the berries in most cases contain
only 3 to 4 seeds and these are covered in a sticky glutinous mass the process was
messy and not altogether satistactory.

With these difficulties in mind I set out to devise a method of handling fresh
Anthurium seed and producing good results in germination. I will not go into the
procedures of hybridisation and subsequent production of the seed, as this will
probably be well known to Anthurium producers. The following will provide data on
the methods that I employed to clean Anthurium seed and determine when
optimum results could be obtained using inexpensive equipment available in most
homes.

MATERIALS AND METHODS
The berries were harvested when mature and ripened. Most were fully developed
and of a pink to red colour, and easily removed from the spadix.

These berries were gently mashed to break the outer coat and facilitate separation
from the enclosed seed. The resultant gelatinous mass was then placed into a normal
household flour sieve and immersed in a container of sterile water. Next the
gelatinous mass was rubbed gently through the mesh of the sieve. This takes some
time, but with perseverance the “jelly” will be dispersed in the water and the seed
will be left behind in the sieve. This process was repeated a second time using a 1%
bleach solution, it 1s recommended that rubber gloves be worn for this stage.

By this time the seed will be relatively clean with some of the outer skin of the
berries still persisting. The next step isto spread the wet seed mass on to some layers
of newspaper or other suitable material and place in a secure, well lit place to dry
(preferably not in direct sunlight as the seed may over heat). The seed mass should
be dryin about 24 h at which time it can be gently rubbed to completely separate the
seed. If necessary the trash can be separated from the seed by gently blowing,
however this is not absolutely necessary.

Ideally the seed should then be sown immediately on to a high peat University of
California type media which has been treated with aerated steam at 63C for 30 min
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and then cooled. The trays of sown seed were placed on a greenhouse bench with
bottom heat, which held the media at approximately 23C, and were kept moist.
Some batches were sown without covering and some with a very light covering of
vermiculite. The light covering appeared to be preferred under the conditions that
we had available.

RESULTS
Date of Date Time to
seed of germinate (ermination

Trial # cleaning Treatment sowing (weeks) (%)

1 Jan 21 1% bleach Jan 23 3 90

2 Jan 21 1% bleach Jan 30 3-4 65

3 Jan 21 1% bleach Feb 8 3-4 30

4 Feb 10 Nil Feb 12 3-4 78

5 Feb 10 Nil Feb 19 4-5 45

6 Feb 10 Nil Feb 27 4-5 15

It was obvious that it was of paramount importance for the seed to be sown as soon
as possible after collection. A number of replicates were carried out and similar
results £3% to 4% were obtained. There was also a significant improvement in
germination when the seed was washed in the 1% bleach solution. This was probably
due to the removal of a significant percentage of surface pathogens.
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Fungicide Resistance In Botrytis Species

Seona Casonato’
Burniey College, Uni of Melbourne, Burnley Gardens, RICHMOND VIC 3121

INTRODUCTION

Growers in the nursery industry are faced with numerous problems everyday. One
of these is the control of disease which can cost growers hundreds of thousands of
dollars in lost revenue. Fungal diseases are a major concern and one fungus that
constantly threatens crops is Botrytis cinereaq.

Botrytis cinerea can affect a range of plant parts, particularly the flowers, when
thereis high relative humidity and cool temperatures (Jarvis, 1992; Fletcher, 1984).
Conducive conditions are worsened by poor ventilation, hence it is beneficial for
heating and ventilation at sunset when the vapour pressure deficit is low (Jarvis,
1992). Generally infection occurs after the plants have been harvested and during
storage and transport. The first symptoms, however, are usually found on the plant
in the greenhouse (Dirske, 1982; Fletcher, 1984). Commencement of the infection
usually occurs due to the conidia of the pathogen and it serves as the initial inoculum
point for the infection for most outbreaks of Boirytis. Once conditions are conducive
for infection, the symptoms of the disease appear within a few days (Agrios, 1988;
Jarvis, 1992).

Fungicides are an important element in controlling infection from Boirytis,
however it is important to note that they do not substitute for poor sanitation
practices and environmental management. Control of Boirytisis generally achieved
by growers implementing a spraying program in conjunction with appropriate
hygiene measures. Over the past decade however, some of the fungicides have not
been successful in controlling Botrytis due to resistance problems. It appears that
systemic fungicides cause the majority of resistance problems as they generally
have a single-site mode of action ((O’Connor, 1990). When resistance to the fungi-
cides occurs, the disease is extremely difficult to control and whole crops can
succumb to the infection of Boirytis.

Fungicide resistance occurs due to fungi developing and multiplying in the
presence of the fungicide that would normally kill them. The fungicide acts as a
selection pressure and when exerted on the fungi, mutations occur within the genes
and this causes the fungicide resistance (O’Connor, 1990; Dekker, 1987). If a grower
can determine at an early stage that the Botrytis isolates on their property are
becoming resistant or that they are resistant, procedures can be implemented to
combat the problem.

A trial was established to determine if isolates of B. cinerea from a commercial
floriculture crop are resistant to certain fungicides. The trial will also investigate

what are the best chemicals to use in a spraying program on this property.

METHODS AND MATERIALS

Paper Disc Technique. A spore suspension of 1 X 10° cfu ml™" was made with
7-day-old cultures. The spore suspension (0.1 ml) was evenly seeded on 12 ml of

'Australian Region Rod Tallis Youth Award Winner 1997
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potato dextrose agar (PDA). A 13-mm diameter sterile disc of Whatman No. 4 filter
paper was soaked in a made-up mixture of commercial fungicide of known
concentration. Twenty-one different fungicides were used with two being
experimental — Ex 500 SU and KBR 2738. Some of the fungicides are not
specifically used to control Botrytis, however, the grower for whom these trials were
undertaken wanted them tested. Three concentrations were used:

1) Recommended rate

2) 0.5X recommended rate

3) 0.1X recommended rate

The filter paper discs were air dried shghtly and then placed in the centre of the
seeded PDA plate.

There were three replicates for each treatment. The plates were incubated at
21+1C with 8 h of light per 24 h for a period of 72 h.

After the incubation period, fungal activity was assessed by measuring the
diameter of the inhibition zones surrounding the paper discs. If there is noinhibition
at the recommended rate, the Botrytis was classified as resistant to the particular
fungicide. For other concentrations, if there was no inhibition zone, the dosage was
determined to be too low if at the full rate there had been an inhibition zone. The
inhibition zones were measured three times to give an average diameter of the
inhibition zone. They were placed back into the incubator for a further 7 days when
they would be assessed again at 10 days after the initial inoculation.

RESULTS AND DISCUSSION
Results indicated that the fungicides performed best against the Botrytis cinerea at
full and 0.5 times the recommended rate. The 0.1X of the recommended rate
performed poorly in the majonty of the fungicides so were dropped from subsequent
testing.
Results indicated that at the recommended rate, the following fungicides per-
formed the best at 72 h:
Total inhibition Alto® (a 1. Cyproconazole)
Scarla® (a 1. Pyrimethanil)
Plantvax (a.1. Oxycarboxin)
66.1% inhibition Octave® (a.i. Prochloraz)
53.6% inhibition KBR 2738 (a.1. Fenhexamid)

After 10 days, Scarla®had the ogreatest inhibition followed by Alto”, Octave”, then
Plantvax".

As shown in Figure 1, there was a significant range in the efficacy of the chemicals
tested. An interesting result is that Plantvax® had total inhibition. Plantvax® is a
systemic fungicide that is used primarily for the treatment of rust, its ability to also
inhibit the growth of Botrytis is therefore surprising.

Results from the laboratory assay appear to indicate there is a resistance to the
benzimidazoles (e.g. Benlate) which is almost universal. Other fungicides tested
showing good efficacy were Octave, Thiram (a.i. Thiram), and the test fungicide KRB
2738. The other test fungicide Ex 500 SU showed very poor efficacy. Resistance
occurred in one of the dicarboximide fungicides (Sumisclex” a.i. Procymidone) and
the other (Rovral® a.i. Iprodione) had very poor efficacy. After 10 days, the Rovral®
had no inhibition zone. Fungicides belonging to the demethylation-inhibiting
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Figure 1: Inhibition zone percentage from 72-h plates at recommended rate.

fungicides (DMIs) appeared to be quite effective with such fungicide as Alto®, which
1S a triazole, performing well.

In the tests undertaken at 0.5 the recommended rate, Octave® with 48.1%
inhibition on the plate and the experimental fungicide KBR 2738 with 43.8%
inhibition were most effective and, even after 10 days, these were still the most
effective plates.

These results indicate there are resistance problems with these Botrytis isolates.
However, alternative fungicides may be used such as Alto® and Scarla®. Prelimi-
nary trials have indicated that there is the possibility that some fungicides may be
effective at 0.5 rates as there appears to be good efficacy. It 1s important to note that
these results must be carried out in the field as field results often vary significantly
from laboratory tests. If an isolate is resistant to fungicides in the laboratory, it does
not necessarily mean there will be resistance problems in the field.

Results show that benzimidazoles could be inappropriate to control Boirytis in the
industry. Dicarboximides may be used with caution, however, other researchers
have recommended that they only be used in peak periods of Botrytis infection. It
appears that control of the fungus can be achieved by using chemicals from other
fungicide groups, such as Alto® and Scarla® and also the test fungicide KBR 2738
which is soon to be released.

These results do highlight that effective control of Botrytis can not be achieved by
fungicides alone and a fungicide spraying programme must be used in conjunction
with environmental, sanitation, and cultural practices.

Trials are continuing and they will be carried out using the paper disc technique
on Botrytis isolates that have had no fungicide applications. Another technique, the
spore germination technique, will also be used. This measures the lengths of germ
tubes of Botrytis on PDA plates amended with fungicides, and enables trials to be
carried out within 24 h. This is highly beneficial to growers, who are then able to see
outcomes of the trials within 48 h.
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Assessment of Rooting Hormone Formulations

Paul Carmen
52 Woraiul Street, WARAMANGA ACT 2611

|
INTRODUCTION

Many trials are carried out to assess methods and rooting hormone formulations.
However the results are not always what they seem. This paper aims to show how
difficult it is to assess trials if the age of the hormone formulation is unknown and
what can be done to overcome this problem.

MATERIALS AND METHODS

Propagation staff at the Australian National Botanic (Gardens developed a method
of preparing cuttings which involves re-cutting the stems to open up the transpira-
tion stream before dipping. This method is thought to optimise the uptake of rooting
hormone. A series of trials were conducted to assess which hormone formulation
best suited the method. Formulations of IBA in alcohol, in powder form, and KIBA
in water were compared. The conclusions are far more important than the results!

Trials. Onetrial with Acacia baileyana (prostrate form)compared powder (Rootex®)
and alcohol formulations with a concentration of 3000 ppm. The results indicated
that the alcohol solution was the most effective in terms of strike rate, 66% compar-
ed to 20% for the powder. The alcohol solution was freshly prepared for this trial.
The powder had been purchased a few months prior to the trial.

In a more recent trial (1996) with Acacia covenyi two liquid formulations were
used, an alcohol solution (Rootex")and a potassium salt of IBA dissolved in distilled

water, each with a concentration of 4000 ppm IBA. The results of this trial indicate
that KIBA (46% strike) was more effective than the alcohol (28%).

Problems with assessment. Little was known about the powder used in the first
trial. It was labelled as 3000 ppm IBA, but its age, and therefore the efficacy of the
hormones contained within it , was unknown. It is impossible to assess trals such
as the one conducted above unless this information is known. Many variations in
rooting response may well be due to propagators using “old” solutions.

Shelf Life. Some premixed formulations have “use by” dates which may give an
indication of the shelf life of the hormones within. Hartmann and Kester (1975)
suggested that trialing rooting hormones with tomato leaf cuttings was a good
method of assessing the level of active ingredient. Robbins (1987) prepared solutions
of IBA using isopropyl alcohol and stored these in clear or amber glass bottles at
various temperatures to assess the degree of breakdown of the chemical. A
significant breakdown was measured after 19 months stored at room temperature
(22 to 25C). The eftect of storage in plastic bottles or using water as the solvent was
not reported.

Most professional propagators mix their own formulations. IBA and KIBA, in
crystal form bought direct from Chemical supply companies, are less expensive than
commercial premixed formulations, and mixing your own always guarantees access
to fresh hormones. However it is necessary to accurately measure these concen-
trated chemicals, so access to a good set of scales is essential.
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Knowing the age and therefore likely activity of rooting hormones means the
propagator can eliminate one of the many “aunknowns” and concentrate on other
factors which may be limiting their success.

CONCLUSION

1) Mix your own rooting hormones. Plan it so that your rooting
hormone is as fresh as possible, e.g. fill a series of bottles with
enough chemical to make 100 ml of solution, keep them sealed and
then add the solvent as required and always record the date of
mixing on the container.

2) If you are unsure how effective your rooting hormones are, carry
out a trial using tomato leaf cuttings (Hartmann and Kester, 1975).
This will give a quick indication.

3) Use a dish that can be covered (petri dish) between dippings, this
will minimise evaporation (thus increasing concentration) and
lessen the possibility of contamination.

4) If buying premixed formulations choose only those that have a “use
by” date. A good rule of thumb 1s to keep for a maximum of 12
months after opening, so don’t forget to record the date of opening
on the bottle.

LITERATURE CITED
Hartmann, H.T. and D.E. Kester. 1975. Plant propagation - principles and practices. p.
294,

Robbins, J.A. 1987. Long-term shelf-life of indole-3-butyric acid solutions. Comb. Proc.
Intl. Plant Prop. Soc. 37:116-118.
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Propagation and Testing of Deciduous Fruit Trees for
Viruses

Michael Barkley
NSW Agriculture, PMB 8, CAMDEN NSW 2570

INTRODUCTION

In researching and diagnosing virus diseases of deciduous fruit trees several
propagation techniques were utilised and integrated with virus testing and elimi-
nation procedures. The aim of this work is to avail nurserymen and do-it-yourself
growers the benefits of healthy propagating and planting material: improved
profitability through higher nursery and fruit production etficiency.

The present work involves viruses but the principles and general approaches also
apply to other plant pathogens, such as bacteria, fungi, and other infectious agents.
Two notable difterences are:

1) Fruit tree viruses depend on living hosts for their survival and
dispersal.

2) Remediation of virus-infected plants on a commercial scale is
impractical and not cost-effective.

The use of healthy plant propagating material prevents the spread of pathogens,
reduces production costs for both nurserymen and growers, and helps meet
consumer demand for a consistent, high quality product.

DETECTION

Usually healthy trees are more vigorous and yield more foliage, tflowers, and fruit
than infected trees. In nursery rows, virus-infected trees can be stunted or weak. As
trees mature visible symptoms can appear, such as twisting of trunk or branches

and distortion of fruit. Most virus-infected deciduous fruit trees show no obvious
visible symptoms of infection. Viruses symptomless in their hosts can be detected

using biological, biochemical, and molecular methods.

Herbaceous or woody indicators are used for biological detection; these are plants
which express visible, diagnostic symptoms of one or more virus infections. For
example, cucumber seedlings mechanically inoculated with leaf sap from an
infected tree can produce yellow lesions. If grafted into sensitive woody hosts,
tatterleaf symptoms may be produced, indicative of prunus necrotic ringspot virus.

Biological virus indexing in woody hosts 1s commonly done by chip budding pieces
of bark either directly into a branch of an indicator, testing multiple samples oneach
branch, or inoculating a rootstock previously budded with the virus indicator
variety. The resulting symptoms depend on the virus and indicator, varying from
yellowing to epinasty to graft union and xylem disorders to death. Use of controlled
environmental conditions can expedite symptom expression and enhance sensitiv-
ity and reliability of detection, particularly for milder strains of viruses.

ELIMINATION
Various propagation methods are used in eliminating viruses from fruit trees to

produce healthy propagating material:
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1) Selection,i.e. propagating successive budsontoindividual rootstocks
and selecting healthy propagations after testing.

2) Use of nucellar embryony (more appropriate for citrus than
deciduous fruit).

3) Hot, moist air treatment (37C for 3 to 12 weeks) of entire trees
followed by removing buds or shoot tips for grafting.

4) Micropropagation, using tissue culture, macro shoot tip grafting or
in-vitro micro-shoot-tip grafting.

5) Hot water immersion followed by grafting buds onto healthy
rootstocks or direct planting of cuttings.

BENEFITS OF HEALTHY PROPAGATING MATERIAL

The benefits of using healthy propagating material can range from 10% to 90% or
higher, depending on the pathogen, host, and environmental factors. With virus-
infected material, root strike of cuttings can be reduced 75% while bud failure can
occur in up to 87% of propagations. Virus-infected deciduous fruit trees can produce
20% to 50% less fruit, half the canopy density, and up to 30 times more fruit with
skin blemishes. Healthy propagating material also minimises wastage, presently a
critical environmental and social issue.

POSITIVE SPIN OFFS

Evaluation of deciduous fruit tree hybrid crosses can be expedited by in vitro
germination of seed extracted immediately after harvest and growing it under
controlled environmental conditions. It is possible to obtain about 1 m of growth
before winter and enable fruit buds to form 1 year earlier than seed which is
stratified to fulfil normal winter dormancy.

Another positive spin-off exists for commercial-scale hot water treatment of
propagules infected by viruses, bacteria, or fungi to meet certification or quarantine
standards or enhance propagation success.

PRESENT CHALLENGES
Challenges encountered here include (a) overcoming “buttoning-off”, where apical

meristems mature and cease growing until next season, (b) browning of micrografted
tissue of in-vitro plants, (c) overcoming leaf symptoms apparently associated with
inadequate chilling requirement in seedlings obtained from same-season germi-
nated seed, and (d) developing a cost-effective pathogen elimination method,
particularly on a commercial scale.

CONCLUSIONS

Some of the propagation and virus elimination methods discussed here have proven
cost-ineffective in Australia, even though they were performed under rather
pragmatic, low-cost conditions. This includes tissue culture, in-vitro micro-shoot-tip
grafting, hot moist air treatment, and to a lesser extent selection. Macro-shoot-tip
grafting, in combination with hot water treatment, offers considerable promise but
requires further substantiation before general acceptance.

Acknowledgments. This work was conducted with support from NSW Agriculture
and research grants from NSW Horticultural Stock and Nurseries and the Australian
Horticultural Research and Development Corporation.
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Production of Transgenic Plants by Electrofusion of
Single Plant Protoplasts

Hans G.L. Coster, Tohsak L. Mahaworasilpa, and Heide Schnabl
UNESCO Centre for Membrane Science and Technology and Department of Biophysics,
School of Physics, University of New South Wales, NSW 2033

The possibility of producing transgenic plants which incorporate genetic
attributes from different plant species and/or genetic attributes from specific
plant cell tissue, presents an exciting prospect. However, there are many
technical difficulties which have limited progress in producing such transgenic
plants. Here we discuss a new technique, based on somatic fusion of indi-
vidual plant protoplasts using radio frequency electric fields, which has the
potential to overcome many of these obstacles.

INTRODUCTION
The introduction of new and desirable genetic features into plant cells can be

achieved to varying degrees using methods ranging from standard cross-fertilisation
breeding to highly sophisticated DNA manipulation using molecular-biology-based
techniques. Whilst these approaches have been (and are) used with considerable
success, they also have limitations. For this reason the possibility of enhancing
genetic variability using somatic fusion is an attractive alternative. The difficulties
of inducing somatic fusion between cells, the problems associated with identifying
and selecting individual cells for fusion and the isolation of the desired hybrid-fusing
product has limited progress in this area. The production of transgenic plants by
somatic fusion of cells requires the regeneration of the whole plant from a single
hybrid cell. Until now the regeneration efforts were restricted largely to wild
sunflower species in in-vitro culture or sunflower genotypes which were thought to
have contributions from wild type genomes (Krasnyanski and Menczel, 1993).

Regeneration difficulties present a major obstacle to somatic hybridisation al-
though recently a reproducible shoot and root regeneration protocol was developed
for genotypes of Helianthus annuus, which had no wild type contributions
(Wingender et al., 1996).

We have perfected a technique to fuse a pair of single, individually selected,
protoplasts using radio frequency electric fields to manipulate and selectively fuse
the protoplasts. The technique overcomes the problems of isolation and identifica-
tion of hybrid fusates which are encountered in other commonly used methods to
induce somatic cell fusion. Further, the fusates so produced have a high division
potential and will proliferate in culture from a single cell without the need for feeder
cells or conditioned media. We have used this technique to produce hybrid cells from
broad bean guard cells and hypocotyl cells from sunflower. Guard cells have the C4-
directed enzymatic apparatus which is known to be coupled with a reduction in
photorespiration resulting in a higher survival rate and yield potential of crops. The
possibility to enhance the genetic varability of agriculturally important plants
using somatic hybridisation between a C4-specific guard cell protoplast and a C3-
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equipped hypocotyl protoplast with a high division potential, has considerable
appeal.

MATERIALS AND METHODS

Hypocotyl protoplasts were isolated from young plants of H. annuus L. grown under
sterile conditions from seeds (cv. Sunshine, No.4, Royston Petrie Seeds Ltd.
Kenthust, Australia ) by a micro-isolation process (Schmitz and Schnabl, 1989).
Protoplasts which showed good cytoplasmic streaming were picked up by drawing
them individually into a micropipette/microsyringe from a mixture of debris and
protoplasts. Guard-cell protoplasts from Vicia faba L. were isolated in a similar
fashion.

When plant cells are exposed to alternating (AC) electric fields, the cells will
undergo translation, rotation on their own axis, and will elongate. Each of these
electro-mechanical responses is dependent in a complex manner on the frequency
of the AC electric field, the gradients in this field, and the particular electrical
properties of the cells (Mahaworasilpa et al., 1994). By choosing the field frequency
and adjusting the field gradients it is possible to selectively manipulate individual
cells in this manner. Cell rotation (on its own axis) occurs over two narrow bands of
frequencies (Mahaworasilpa et al., 1996) and can be utilised to orient cells relative
toeach other priortofusion. The translation effects can be used tobring two different
cell species together and appress them tightly for subsequent fusion. The fusion of
the two cells held together in tight contact by the AC field can be induced by the
application of a very short-pulsed, intense, electric field. The latter, if of sufficient
magnitude causes electrical breakdown of the (plasma) membrane envelopes of
plant cells, at the point of contact of the two cells (Coster and Zimmermann 1975,
1976). This causes the cells to fuse.

For our experiments two vertical nickel alloy wire electrodes, 180 um in diameter
were lowered into the solution using micromanipulators; the two protoplasts being
positioned approximately in the central region between the electrodes. These
electrodes were used to generate radio frequency electric fields. The protoplasts
were then positioned more precisely between the two electrodes by a combination -
of the application of electric fields of appropriate frequency and manipulation of the
electrodes themselves. These operations were performed under an inverted micro-
scope (Zeiss Telaval 31). The alignment of protoplasts was achieved by application
of an AC field at a frequency of 0.5 to 1MHz and variable field strength. Prior to
alignment the protoplasts were also subjected to electro-rotation by application of
an AC field at frequencies of either around 1 kHz or 10 MHz to both obtain a relative
cell orientation that produced good cell-to-cell contact as well as to evaluate cell
viability (Arnold and Zimmermann, 1984; Mahaworasilpa et al., 1996). Fusion of
selected protoplast pairs was induced by a DC pulse (100 us, 50 to 100 kV/m, see
Table 1) following alignment of the cells.

RESULTS

A sequence of the fusion of a pair of two different protoplasts (experiment 1) is shown
in Figures 1a-1d. The time required for the fusion product to become spheroidal after
the fusion pulse was typically 2 min (see Figures 1c to 1d). Immediately after fusion
the fusate, which was ~35 um in diameter (Figure 1d) was transferred, under the
microscope using the micropipette system, from the mannitol solution into a liquid
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nutrient medium (Wingender et al., 1995) 1in a
300-ul microwell. The protoplasts were cultivated
in the dark at 25C for 9 days without using feeder
cells (“nursing culture”) or conditioned medium.
The sequence of the formation of a microcolony
(microcallus) over the first 9 days of cultivation is
shown in Figures 2a - 2d. Between 30% and 60% of
the hybrid fusates divided (Table 1), depending on
the combination of parameters required to achieve
fusion. The hybrid product budded for the first
time after 3 days in culture (Figure 2a); On day 6
after the fusion event an identical arrangement of
the starch-containing guard-cell plastids became
visible in the daughter cell (Figure 2b). These
large plastids (approximately 3 to 5 um) play an
important role as
starch reservoirs
during the volume
regulation of guard
cells (Schnabl et
al., 1982; Schnabl,
1985; Schnabl,
1992). Due totheir
characteristic ap-
pearance (num-
bers, morphology,
and arrangement)
the plastids pro-
vided an excellent
means of following

Figure 1. Fusion of two differ-  the progress of fu-

ent protoplasts.

cells. Duplication of the nuclear materials from the

mother to daughter
with the appearance

Day 7 a second budding was formed, but without the
characteristic stomatal plastids (Figure 2¢). Figure
2d shows the microcolonies of 5 cells which had
Itivation of 8 days); a day later

developed (after a cu

sion and formation
of the colony of

cell occurred simultaneously
of the plastids (Figure 2b). On

(after 9 days in tota

eight cells showing the characteristic plastid equip-
ment of guard cells (not shown).

DISCUSSION

We have successfully produced, for the first time,

) the microcallus consisted of

microcolonies of a hybrid of two different plant Figure 2. Formation of
species (sunflower and broad bean) and of two differ-  microcallus.
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ent tissues with different types of CO, fixation pathways; a C3-equipped hypocotyl
protoplast of sunflower and a C4-equipped guard cell protoplast of broad bean. The
hybrid products proliferated individually, or from groups of 2 or 3 cells, in a liquid
nutrient medium; without feeder cells (*nursing”) or conditioning. In contrast,
single unfused hypocotyl and guard-cell protoplasts did not divide under these
conditions but died.
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Computers and Propagation

Martin Schotte
41 Barry Road, KELLYVILLE NSW 2153

A LITTLE ABOUT OUR COMPANY

Schotte Nurseries is an indoor plant propagation and production nursery. We have
approximately 2 acres (8000 m?) under production 1n five glasshouses, 1 Hi-Vent
house (openable polyhouse) and two shade houses. Indoor foliage is our main
production with some flowering lines and “unique living gift” lines. “Growlines” our
propagated stock in trays, 5-cm, and 8-cm pots accounts for approximately 25% of
the nursery turnover. The nursery has a PRIVA climate control computer operating
the climate and water controls which has been in operation since 1981. Control
systems in use before the computer were analogue controllers, thermostats, and
manual systems.

Commercial Glasshouse manufactures installs and services glasshouses and all
manner of related horticultural equipment. PRIVA computers have been sold
installed and commissioned since 1981. We have to date installed 65 climate and or
water control computers throughout Australia and New Zealand.

In the two businesses at Kellyville we have 19 computers in operation, not
including embedded controllers. Propagation nurseries are able toutilise computers
in many ways including:

s Bookkeeping (accounts) and business computers

s Data bases and spread sheets for data storage, collection and
calculation sheets

= Environment or climate control computers to control heating,
ventilation, cooling, humidity, CO, monitoring and/or dosing,
lighting cyclic or grow, screens for shading, energy saving and
blackout, etc.

= Control computers, irrigation, fertilising, substrate, NFT, etc.
(fertigation).

= Inoronmany different types of equipmentin the form of embedded
computers or PLCs (programmable logic controllers), 1.e. printers,
fax machines, washing machines etc.

WHY A COMPUTER OR ANY SORT OF AUTOMATIC CONTROL?

Well, it is comforting to know that you can go to church, visit mum, or leave the
nursery for any one of a thousand reasons secure in the knowledge that while you
are absent your crops will not fry, freeze, wilt, drown, or otherwise succumb to
misadventure through neglect. I cannot guarantee that a good controlling computer
in the hands of a poor nurseryperson will make him/her an instant success, but a
successful nursery operator will definitely benefit from improved computer control.

Business Computers. This is not really part of todays discussion, other than to
mention very importantly that sales, orders, and accounts related information are
used in production planning, along with past production plans.
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Data Bases and Spread Sheets. We use many data base systems for recording,
storing, and retrieving in an efficient manner various types of information. For
instance, all of our production information is kept in a database. The information
kept 1s the date, product code (with the description from the product file), quantity
produced, operatorsidentifier(initials), the source ofthe material, special treatments
(commented on), destination, and time taken to do the whole operation. Similarly,
information on spraying, fertilising, and incoming orders is also kept. Most of the
databases are cross referenced to other databases where applicable.

Propagation of Cuttings. Cutting propagation relies on promoting root initiation
and growth, etc. on the cutting before the energy balance is depleted. All procedures
that influence this positively will increase the strike rate and/or yield.

Sunlight, water (H,0), and carbon dioxide (CO,) are the main raw materials for
plants to produce chemical energy by photosynthesis. Carbohydrate and oxygen
(O,) being the main products of photosynthesis. Respiration is the opposite of
photosynthesis where oxygen is combined with carbohydrates to produce energy,
with the waste products being carbon dioxide and water.

We use glasshouses with PRIVA computer control to provide us with a well-
controlled climate for optimum strike rates and production. The PRIVA control
system works with up to 120 settings per climate compartment, and with numerous
controlled possibilities that include: misting, irrigation, fertilising, substrate, ebb

and flood, and NFT.

Temperature. The primary control parameter to keep effectively in hand is the
temperature. Thisis also one of the easiest parameters to control. Ifthe temperature
varies too greatly the humidity will change rapidly and be hard to maintain
correctly. The temperature does not need to be, and indeed should not be, flat or the
same throughout day and night. However, the temperature should not change
quickly. Maximum change rates should be no more than 4 or 5Ch™'. The night or low
light periods may have a lower temperature. Day to night with a variation of 3 to 5C
lower at night is desirable for most crops.

Humidity. With cutting propagation prevention of excessive water loss is the prime
objective. Yield is maximised (growth and developed, root initiation) by keeping
water moving through the cutting within a temperature range that the plant is
“comfortable with” so the cutting is performing at optimal physiological activity.
This means not too cold so that some internal systems slow down (i.e., transpiration
or photosynthesis) norso hot that systems gointooverload and shutdown (i.e., guard
cells close, etc.). If the cutting suffers water stress then its internal systems will also
slow, or shutdown, or wilting/death may occur. Therefore, when keeping the
temperature up to maintain optimal physiological activity (and therefore yield),
sufficient water must also be provided to prevent wilting. These two factors
(temperature and water) are in conflict and a balance must be struck to achieve
maximum yield (strike rate, continued growth).

Propagation. There are three main areas we place our cuttings.

DryBench. Cuttings that can readily control their evaporationin a glasshouse with
stable temperature and humidity may be propagated in the normal growing area.
In our production tacilities this is applicable with 25% of the plants grown, such as
with Peperomia, Draceana, Begonia Rex, St. Paulia, and Pedilanthus.
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Mist. Mist is used for plants where maintaining a light layer of water on the foliage
is sufficient to prevent excessive moisture loss from the cutting. We use California
type mist nozzles with mains (town) water controlled with the PRIVA computer and
electrical water solenoid valves. The control parameters the computer uses are
misting between start time and stop time with the times shifted astronomically as
the day length varies and using accumulated light count(light sum). Light measure-
mentin mWatt/em® is multiplied by time providing a light sum accumulator, J /em?.
Should the light sum accumulate to the amount set the mist cycle will operate.
Should the weather be very dull the maximum rest time may also instigate a mist
cycle. On a hot summers day our misting would operate 8 to 12 cycles per day and
on dull summer days 5 to 6 times per day. The valves operate for 10 sec each. Mist
benches are filled with newly propagated plants and the mist is turned off when the
majority of cuttings have rooted (80% to 90%).

The aim of our misting system is to keep a layer of water on the foliage without
appreciably wetting the soil. This has the effect of maintaining reasonably good
transpiration rates (production) without wilting and without water logging. We do
have a little loss of turgidity with some softer cuttings initially which usually
recovers in 24 to 48 h. This 1s more of a problem on particularly hot days. Some hand
held hose watering is still required on the mist benches. Liquid fertilising takes
place regularly in the glasshouse except in the first 2 weeks after propagation. We
use this system for approximately 40% of our cutting grown plants, such as Pilea,
Fitonia, Coleus, Poinsettia, and others.

Enclosed Tent. This system, tents over the benches, relies on trapping within the
confines of the tent the evaporation from the soil, etc. and some transpiration of the
cuttings with the intent of keeping the humidity high (usually above 90%). The
principle being that if the surrounding air is fully saturated there can be no further
evaporation, consequently the cuttings do not wilt or dry out. In reality there will
be condensation on the surfaces of the tent and foliage as temperatures change
outside and within the tent, this causes the humidity to fluctuate between 80 and
100%. This system relies on having slow changing temperatures and good control
of the surrounding environment. Temperature within the tents on summer days
may reach 35C or more.

The majority of our seed germinated lines are in seed trays on bottom heat benches.
Some types are covered with glass. For a warmer environment. The majority of our
tray, tube, pot and hanger lines are grown from cuttings and are propagated directly
into the finished pot.

Heating System. With all of the above propagation systems we use bottom heating
with 25 mm NB hot water pipes making up most of the support for the bench tops.
There are 12 benches to each heating system. Each heating system is fitted with a
three-way modulation valve, circulation water pump, and water temperature
sensor. These systems are connected to two boilers.

The water temperature sensor measures the water temperature in the heating pipe
after the pump. The computer, taking into account the settings programmed and
other influences, calculates the water temperature required in the heating pipes
should heating be required. The computer drives the three-way valve to a position
that mixes the correct amounts of return water from the heating system and from the
boiler to provide the wanted heating water temperature to an accuracy of 1C.
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The control principles the computer uses is Pre Control and PID control, (Propor-
tional, Integral and Derivative). The Pre Control works on the basis of outside
temperature, wind speed, and wind chill factor setting the base heating water
temperature and proportional band, i.e. the lower the outside temperature, the
higher the basic minimum water temperature will be and along with a higher wind
speed would increase the basic water temperature. There are also a number of
settings in the computer to set the glass house characteristics in the computer, most
of which are set by the installer, ie. the size, effectiveness, driving speed, running
time, compass direction, wind side or single side vents, hysterisis, and many others.

Proportional control calculates an offset temperature relative to the temperature
difference to outside. The integral control calculates the step size that is required to
move the mixing valve to the correct position. The integral component calculates the
time dependent variations for the P and I control components to have the tempera-
ture as accurately as possible follow the calculated heating temperature. This type
of heating control calculates a desired water temperature in the heating pipes to
equalise the energy losses from the glasshouse very closely.

Research has shown that for the average glasshouse if the temperature is
approximately 2.5C higher than it should be whilst heating then double the energy
1s being consumed. At 5C too warm, energy usage will be approximately four times
higher. The computer control system we use keeps the house or the bench tempera-
ture within 1C of the desired calculated heating temperature.

The ventilationis controlled in a similar manner with the computer calculating the
required vent position. Shading systems for shade and energy saving usage have a
more specific control system, operating between start and end times with light,
temperature, humidity, heat loss, and many other factors. Effective shading control
18 one of the more complicated systems.

Computer. Some of the settings applicable for a controlled growing area such as a
glasshouse or greenhouse are: heating temperature day, heating temperature
night, ventilation temperature day, ventilation temperature night, light increase/
decrease heating,lightincrease/decrease ventilation, relative humidity day, relative
humidity night, heating limits, and ventilation position limits. There are many
more settings.

For the new “Integro” range the 24 h period is able to be divided into periods
denoted by a start time. Up to four periods are possible.

THE NITTY GRITTY

Climate and Hydro Control Computers.

1) From the simplest, doing it manually. Opening a vent or turning
on/off a heater. Usually done when the person doing it remembers,
and this 1s usually too late. Sometimes forgotten. Capital
expenditure almost zero. Running expenses extremely high, 7 days
a week with penalty rates etc. without even taking into account the
loss of production. Results—fair at the very best.

2) A simple on/off thermostat. (Actually a binary switch). Works 24 h
a day. Has the problem of a differential (1.e. turns on at different
temperature than it turns off heating on at say 16 off at 20); a
differential of 2C is better than a larger one. Over and under shoot
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may also be a problem. When the heating turns on there is a delay
before the heating actually catches up, during which time the
temperature continues to fall. A similar condition happens at the
turn off end. This may cause temperature cycling of more than 4C,
i.e. 2.5C overshoot for say 256% of the heating period, adds
approximately 25% to the heating costs. The problem being
accentuated when heating loads are small. Time switches do not
have the differential and over/under shoot problems. Capital
expenditure moderate, thermostats of good quality approximately
$75, timers approx. $50 to $150 plus installation costs. Running
expenses much improved. Thermostats with day/night capabilities
have more improved running expenses. Results—fair to good.

3) Simple controllers computerised or analogue. Usually operate a
single controllable item, i.e. a heating system or a ventilation
system. Proportional or PID control is the usual method. Sometimes
fitted with day/night switching. Capital expenditure for the control
system, sensor/s and actuators is usually more than $2000 per
controlled parameter. Running expenses on a well designed system
would be 5% to 15% less than thermostat. Some quick calculations
on the running expenses (energy usage, etc.) will show if this type
of option is economical. Results are usually very good.

All of the above systems usually work on a single unit of control, i.e.
one heating system or one vent. There is also no interconnection
between parameters. With larger amounts of controlled parameters
having them set correctly relative to one another may also be
problematic.

4) Computers of the PLC types. There are a number of growers
tackling the control of their environments with PLCs. With the
Omron or Hitachi types the capital expense is usually much lower
than purpose built horticultural computers. The software
development of these systems with simple control is usually quite
extensive while full, Pre and PID control across the many parameters
is rarely achieved. Controller costs per house depending on input
and output parameters would be $600 to $2500. Software and
debugging costs vary depending on the programmer. Nil for the
home developer to an almost endless cost for consultant
development. The running costs of the controlled environment
vary between thermostat type control to the best possible.

A further possibility 1s the use of PCs (personal computers) fitted
with input and output capabilities. The programmability is
somewhat easier than PLCs. The software development is similar
to PLCs. The ability of the equipment to keep running reliably day
after day for many yearsis still a serious question (without needing
resets or reloading of programs). The capital equipment costs vary
depending on system development from $4000 to prices similar to

specifically designed computers.
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5) Computers of the type specifically designed for horticultural use.
Usually have the programs in Firmware, 1.e. in EPROMs or
similar, with simple and dedicated user interfaces. Will have been
designed with extreme reliability in mind (in amongst rural mains
voltage supply variations, lightning, and a myriad of other
consequences.) The main consideration being that a grower’s
livelihood and ability to make profits relies heavily on effective
control of all of the parameters of the growing climate and water
regimes. The software development has been extremely well worked
out with R&D and grower feedback continuing. Capital costs
depend on the size, compartments, and hydro requirements. A
nursery with say three compartments climate control would be
approximately $20,000. A hydro controllerirrigation and fertilising
for say three controllers and 100 valves would be about $19,000.
For a hydroponics installation NFT, one system about $14,000.
These include installation, commissioning, and grower training.
The gains in running costs are high, 1.e. for a heating system a
minimum 15% in energy savings. Increases in productivity are
always noted. Growers using this type of equipment have distinct
market advantages with the ability to control the climate and
consequently cropping. With the above the equipment to be
controlled, i.e. mixing valves screens or vents, etc. are not included.

This is by no means an exhaustive study of computer control in nurseries and
propagation facilities. There is a publication available in Europe that discusses,
climate control in glass and greenhouses. “Computerised Environmental Control in
Greenhouses” a step by step approach. The authoris P.G.H. Kamp/G.J. Timmerman.
The publication is in English.

Acknowledgments. I wish to thank my wife for her help and patience in compiling
these notes, and also the staff of our company for their contribution.
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Industry Training, Doing it Our Way

Greg McPhee
National Training Officer, NIAA, PO Box 339, LISMORE NSW 2480

Ensuring the next crop of nursery propagators has the right skills is an important
issue. We need to have a training system that turns out professional propagators
ready to face the challenges of the future. That training system is changing and our
involvement is crucial if the level of professionalism is to be retained and even
improved.

Changes to the Australian training system have been happening for some time. If
you are not involved in education then you may not have caught up with some of the
latest developments. We now have Competency Based Training and Assessment,
National Curriculum, and a different way of government funding arrangements.
“Doing it my way” for a traineris vastly different to what it was even a few years ago.
The changes are not complete and I see that we will never go back to the old ways,
good or bad. Even our present and new system will come in for further changes.
Being adaptable is now a good trait for a horticultural trainer.

Competency based training is possibly the most radical aspect of the new system.
Here you pass a module (or subject) if you become competent at some specific tasks,
rather than attending lessons and just passing written tests. It is not possible to fail
at competency based training and it is also not possible to pass without knowing all
the skills necessary. |

Learners can ask to have their competency assessed at any time during the lessons
as 1t 1s no longer time based. A competency is able to be assessed without going to
classes at all! I like competency based training although it is definitely more complex
and time consuming for horticultural trainers.

Accepting this approach requires that the necessary skills are well defined and
that the assessment event to ascertain if the skill has been learnt is fair. I feel we
have the first aspect in hand but as yet have not come fully to grnips with the
assessment side of things.

The nursery industry has a national curriculum, a list of competencies, developed
over time with educators and industryleaders. We all owe a debt of gratitude tothose
who gave their time to this project. Courses based on these competencies are being
developed and will become available in the next few years. In Victoria, Queensland,
and Western Australia pilot programs of the first course are being run, with full
implementation expected next year.

An integral basic in competency based training is that each learner needs to be
assessed to see if a skill has been learnt. Producing a fair assessment event to
determine if the person has the skills is the key here. It is easy if it is a skill like
digging a trench. Just give them access to the tools and say “dig”. If the trench is
straight, deep enough, completed in time, and the tools used were correct you can
be sure they have the necessary skill. Now think what you would need to do to assess
a learners ability to take semihardwood cuttings, or even hand watering a propaga-
tion bench? Ask two propagators that one, and I’'m sure you will end up with three
answers.

Saying “not yet competent” in competency based assessment is difficult. No one
likes to be told they have not yet demonstrated a skill well enough. It is easier to pass
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than not to, particularly if the skill 1s almost learnt. Also it may reflect on the ability
of the trainer to teach the skill and usually means extra work to reassess at a later
time. In a perfect world assessors would not also be trainers. I view this aspect of
training in a different light. Saying “yes” when the person is not good enough 1s more
difficult in the long term. You let yourself down by not being honest, you also let the
learner down who then believes they have the skill, and you let our industry down
for they will accept your say so when the person applies for a job and produces a
credential that certifies competency.

Driven by escalating costs under the new training system there is ‘deregulation’
of the training market. Putting this in more basic terms, courses funded by public
money (and that includes apprenticeships) will be available for a large number of
providers to deliver. The federal government sees three types of training provider:
state, private, and industry. They will, and are, in open competition to train your
new workers.

In theory they all deliver the same course to the same standards. In reality the
truth is somewhat different. It i1s not that difficult to become an accredited provider
of a horticulture training course. There are 14 at least in NSW and many of these
offer noinput from industry and do not have the background or experienced trainers
that instil confidence. We as an industry need to support competition in training, so
long as this is not at the expense of quality or industry relevance.

Obviously there is a need for a clarity in the decision-making process of who
becomes your training provider. I can foresee some pretty disillusioned students and
employers until the situation settles.

At the end of a course or assessment procedure a credential is produced. It will
indicate which skills the graduate is competent at and whether they have achieved
the right to receive a certificate, etc. This is a vast improvement on the old way, as
now potential workers are able to describe in detail their level of competency. A
certificate in Horticulture will indicate EXACTLY what skills the graduate has.

Despite the rhetoric of some politicians, I see a fair and National Training and
Assessment System as a major challenge for the nursery industry. We need to be
sure that a propagator’s skills are taught and assessed the same way in southern
WA, northern QLD, and every other state or region. Leadership by industry
associations (state and national), backed up by much goodwill will be the only
solution to this challenge.

The nursery industry association has already shown that they see training as a
major issue. Australian Horticultural Training (AHT — a “not-for-profit” division
of NIAA) has been established to develop and deliver national training courses and
workshops. Quality training providers as well as individual trainers are being
sought to become involved in this development and delivery. AHT s aim is to get the
best bang for industry from the training buck.

This task of providing quality training is impossible if you as professionals are
unwilling to become involved in the process of transferring skills to others in the
industry.

The greatest strength of this industry is the pool of knowledge and love of plants
that we share. We are the best people to introduce new workers to the joy of
propagation. You can be involved. The rewards can be most exciting and are not just
monetary. You could enthuse a youngster into propagation, and they could go on to
win a Rod Tallis Award (I did). I cannot emphasise too strongly the value that a new



104 Combined Proceedings International Plant Propagators' Society, Volume 47, 1997

propagator gets from seeing an old hand still enjoying their craft even after decades
on a bench.

Being a trainer or an assessor with AHT requires that certain requirements are
met. This 1s more than what 1s needed as a basic requirement for most courses.

First you will need an in-depth knowledge of the module area you wish to deliver.
This may include a credential such as a trade certificate or higher along with
extensive experience. For propagation trainers membership of .P.P.S. is a specific
requirement. Second is a training and assessment credential or equivalent. Work-
place Trainer Category Il 1s preferred, as it allows the trainer to not only deliver
effectively, but also to assess competencies. This credential will soon be offered
through Australian Horticultural Training to industry using industry-relevant
examples of training and assessment.

Another criteria is that you demonstrate that you are able to remain up to date in
your area of expertise. Out-of-date methods not only waste time they also reflect
poorly on the training organisation generally and the individual involved. A
common complaint from employers is that their workers are taught methods that
have long ago been replaced. Attending and involvement in L.P.P.S. is a good way
to keep abreast of industry changes, but here I am talking to the converted.

“Doing it my way” in training is really “doing it the way of the Australian Nursery
Industry”. Having professional, “hands-on” propagators involved is the only way
that this can happen. The alternative will destroy the existing skills base and go
against all that I.LP.P.S. has built up in Australia over the last 25 years.
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Climate for Change: What Opportunities do Phenology
Gardens Provide for Propagators?

Malcolm L. Reed
School of Biological Sciences, Macquarie University, NSW 2109

Overthe past 25 years of .P.P.S. Australian Region Meetings there has been change
in the behaviour of plants. Only in a few instances have the plants been watched
closely enough in all this time for anyone to notice the changes. The “first leaf date”
in spring 1n northeastern U.S.A. has moved 14 days earlier (Schwartz, 1994). In
tropical rain forests around the world the mortality of trees and their recruitment
has increased (Phillips and Gentry, 1994).

Whether these changes were the result of cyclical fluctuation in climate, or were
part of a long-term shift in global conditions caused by greenhouse gases, they
illustrate how observations of the phenology of plant development can be used as a
sensitive detector of environmental conditions.

Economic analysis can identify opportunities which contribute to remediation to
climate change (Bureau of Industry Economics, 1996), but involvement of commu-
nity groups in recording responses of plants to changes in weather is, intuitively,
more likely to provoke a response. In Alberta, Canada, a recording scheme is well
advanced (Beaubien and Johnson, 1994). In Australia, phenology gardens of clonal
plants the length and breadth of the country, could engage community participa-
tion. The Australian Flora Foundation (GPO Box 205, Sydney 2001 NSW Australia)
1s exploring this option.
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SPF? - So What?

Bernice Flanders
Central Coast Protea & Waratah, PO Box 1396, GOSFORD NSW 2250

Legislation has been passed to approve SPF (sun protection tactor) ratings to now
have a maximum labelling of up to 30+. This will bring Australia in line with
international ratings of above 15+. Until now Australian standards required that
the maximum SPF rating was 15. So how will this affect all the sun-bronzed Aussie
nursery people?

The SPF 1s a measure of the protection of sunscreens. To arrive at this value the
sunscreen had to be tested in laboratory conditions using a solar simulator, with all
other variables as constants. The unit measured is the “minimal erythematous
dose” or MED, which is a measure of the time taken to produce redness in an average
skin. From this the SPF is calculated as:

SPF = MED with sunscreen + MED without sunscreen

In other words, SPF is defined as the exposure time to produce redness on protected
skin divided by the exposure time to produce redness on unprotected skin. It is an
indicator of the ability of a sunscreen to prolong sun exposure without the danger
of sunburn, e.g. for a sunscreen with SPF 15, this would mean that if burning occurs
without sunscreen in 10 min then one could expect that with this sunscreen one
could have 150-min sun exposure without burning.

Does this mean then, by changing the label of a bottle, that we can stay in the sun
for a longer time without any danger? Let’s look more closely at the whole issue.
Solar radiation is made up of ultraviolet radiation, visible light, and infrared
radiation. UV light is divided into three parts, UVA (320-400 nm), UVB (280-320
nm), and UVC (100-280 nm). The ozone layer filters out most of the high energy,
damaging rays of the UVC and some of the UVB. While most of the UVA and higher
wavelengths are transmitted through the skin, and cause damage in their own way.

For the determination of the SPF rating, a minimum of 10 people, which is a very
small sample, with sun-sensitive to normal skins are exposed to artificial light. The
light is directed on their backs, with a mixture of protected and unprotected skin
areas. Twenty-four hours later they are examined for areas of redness. The artificial
light source used is UVB only. How does this equate with reality? Obviously a
standard 1s just that, a standard. It provides a measure. Now let’s look at the real
situation:

1) The sun has different intensities at different times of the year.

2) UVB is only a very small part of total radiation from the sun.

3) The concentration and choices of ingredients can influence
effectiveness of sunscreens.

4) The thickness of the film applied can be variable.

5) Medications can greatly influence burning and sun sensitivity, e.g.
sulfonamides, antibiotics, and antihypertensive medications; some
cardiac, antidiabetic, tranquillising, and antifungal medications.

6) State of skin — skin integrity, wetness, sweating or rubbing can
alter effectiveness.

7) Altitude and latitude are variables — ozone layer depletion now is
important.



Table 1. Sunscreen ingredients, their spectrum of activity, the concentration necessary for protection, and some specific properties.

Light-weight summer clothing

Product Absorbance (nm) Concentration Comment

PABA

(para-amino benzoic acid) 260 - 320 5 to 16% Can stain clothing and cause allergies.

PABA ESTERS

Padimate A 290 - 315 1% to 5% Safer to use than PABA. Still can cause

Padimate O 290 - 315 1.4 to 8% allergies. .

CINNAMATES

Cinoxate 270 - 328+ 1% to 3% Not as sensitising but not as effective as
PABA. Ability to penetrate varies on
formulation.

SALICYLATES

Homosalate 294 - 315 4% to 15% Sensitisation is rare. In right concentration
very effective.

BENZOPHENONES

Dioxybenzene 260 - 380 (UVA UVB) 3% Best when used in combination with other
sunscreens

Oxybenzone 270 - 350 2% to 6%

UVA ABSORBERS

Parasol 1789 360 and above Must be used in combination with a

Eusolex 8020 360 and above UVB blocker.

PHYSICAL BARRIERS

Zinc oxide 290 -700 Enough to cover Cosmetic difficulties, though excellent

barrier.
Titanium dioxide 290 - 700 3% to 8% Reflects & scatters UV, visible & IR.

Protects & soothes. Excellent product.

Some only have SPF of 5 or 7 - even less
when wet.

SIBYM OS - £ddS

L01
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8) Reflection of sunhight i1s very important, especially by sand, snow,
and water.

Short wave UVC 1s mainly scattered or absorbed before reaching the Earth’s
surface. However, as the ozone layer thins, we must be aware of the potential harm.
UVC i1s also produced by welding equipment, therapeutic sun lamps, and some
quartz halogen lamps.

UVB is recognised as the most harmful of UV radiation causing burning, blister-
ing, initiation of sun cancers, and premature aging. It is also responsible for tanning
with the so called “healthy tan” being the bodies damage response to exposure to
sunlight. UVB stimulates melanin, hence causing tanning about 10 h after expo-
sure. The epidermis or top layer of the skin also thickens as the body tries to protect
itself.

UVA causes premature aging and wrinkling of the skin. It also darkens pigment
already in the skin but does not produce new pigment. UVA is used in tanning
parlours, promoting tanning without burning. However new research suggests that
UVA also contributes to skin cancers not just aging of the skin. It would be very wise
to use a sunscreen which adequately controls all UV radiation, not just UVBL!.

Sun exposure is a total package — it is a total lifetime accumulation. The damage
done in the first two decades of life impacts greatly on the individual and sun
tolerance in middie life. Also the greater the amount of burn damage in early life,
the more sun-related problems later. This can be in the form of skin aging and
precancerous solar keratoses, cancerous conditions such as basal cell carcinoma,
squamous cell carcinoma, or malignant melanoma.

Let’s see what we can do to minimise the damage. Sunscreens slow the rate at
which the electromagnetic energy of the sun is absorbed, by either reflecting,
absorbing, or scattering UV rays. This can be done by either physical or chemical
means. We need to understand the active ingredients in sunscreens and how best
to apply them.

The most common form of chemical sunscreens are UV absorbers which act by
penetrating the epidermis and bind in the skin in such a way as to reduce the
intensity of sunlight striking the skin. The following is a table of ingredients, their
spectrum of activity, the concentrations necessary for protection, and some specific
properties.

TIPS FOR APPLICATION OF SUNSCREEN

" Applyup to2 h before exposure for UV absorbers to give them time
to bind onto the skin. Titanium dioxide can be applied just prior to
exposure.

8 Re-apply while in the sun at regular intervals, but remember that
reapplication does not bring you back to the start, it 1s total
cumulative exposure.

If sunburn does happen the best thing to do 1s cool it with water — not ice, keep
up adequate fluid intake, apply mild hydrocortisone cream, and give antiinflamma-
tory medications, e.g. aspirin or ibuprofen (always after food and neverifthe patient
has ulcers or asthma). If blistering has occurred, leave intact if small or, if large
gently and aseptically break and treat with chlorhexidine cream. Topical sprays of
local anaesthetic are usually ineftective and can cause contact dermatitis.
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In conclusion I would like to stress that sun exposureis a total cumulative package.
There is some help from sunscreen products but without judicious precautions
limiting exposure we can’t expect to have a lifetime of trouble-free skin. Let’s leave
the sunlight to our plants chlorophyll and protect ourselves!

Getting the Message out

lan C. Atkinson
National Nursery Industry Development Oficer, PO Box 55 Lyons ACT 2606

COMMUNICATION THEORY

The diagram in Figure 1 was developed by Berlo (1960) to help explain the process
of communication.

SOURCE = MESSAGE = CHANNEL —=—RECEIVER
Comm. skills Content Seeing Comm. skills
Attitudes Treatment Hearing Attitudes
Knowledge Code Touching Knowledge
Social system Elements Smelling Soclal system
Culture Structure Tasting Culture

Figure 1. Berlo’s model of the process of communication.

The source formulates the message and transmits it via a channel to the receiver.
Berlo emphasises the need for the source to be in control of the process and know its
pitfalls. For the process to be successful the source must understand the attributes
of the receiver in order to select the correct message and channel.

THE SOURCE

The Australian nursery industry pays a levy on all containers used for growing
plants for resale and part of this levy is used to fund research and development
(R&D) for industry. The Australian Federal Government matches thismoney $1 for
$1 so that in 1997-98 industry had access to nearly $1 M for R&D. Projects are
submitted for consideration to, or alternatively commissioned by, the Nursery

Industry Association of Australia’s (NIAA) Technical Committee and the Horticul-
tural Research and Development Corporation (HRDC).

So the sources of information are HRDC, NIAA, and the R&D providers who are
working on levy-funded projects. The R&D providers include mainly government
organisations such as the Institute for Horticultural Development, in Victoria. Lets
look at the characteristics of the people that work for these organisations.

Researchers often have good scientific written communication skills but poor
verbal skills, their attitudes tend to reflect their academic and institutional
backgrounds, they commonly possess high levels of specialised knowledge, and their
soclal system and culture tend to be inward looking, focussed on their place of work
rather than their clients. This assessment is naturally very broad and there are
always exceptions, but I'm sure everyone here has seen elements of these character-
istics 1n researchers they have met.
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THE RECEIVER

NIAA’s Technical Committee and HRDC have been very clear in their new 5 year
R&D Plan about who the message is to be targeted at — the professional nursery
industry. The 1993-94 survey by the Australian Bureau of Statistics, funded by the
pot levy and HRDC, identified 3046 businesses involved in production and whole-
saling of nursery greenstock.

Growers represent such a wide range of characteristics that the broad brush
approach to describe them is fairly meaningless. Their communication skills range
from brilliant to appalling, attitudes vary tremendously with age and background,
they tend to be much more generalist in their knowledge, and often know what
works without necessarily knowing why.

In terms of developing appropriate messages and channels to “get the message
across,” knowing the diversity of our target audience isn’'t much use. Fortunately we
have access to the results of a study commissioned in 1995, by NIAA and HRDC, on
the information needs and wants of growers. The results of project NY531 “survey
of nursery industry information needs” is available from HRDC and here are some
of the relevant findings.

Growers were asked to rate a range of information sources in terms of how often
they used them and their level of satisfaction with the information. Of those
questioned 70% used personal networks and rated them as their most useful source
of information. In addition 62% used and commented favourably about conferences,
workshops, and trade days. Most (73%) said they wanted a nationally coordinated
information network including magazines or newsletters.

Regarding published information on levy-funded projects, there were two clear
findings. Firstly, there was a high demand for useful information from projects
including financial implications. Secondly, there was a consistent criticism of the
scientific style of présentation of the information they had seen from projects.

THE MESSAGE

A good example of how NIAA and HRDC are crafting the message 1s to be found in
“The Nursery Papers”, consisting of a series of two and four A4 page leaflets
published in Australian Nursery Manager. The authors and editors guide for “The
Nursery Papers”(TNPs) says “The publication is designed to stimulate interest and
provide enough information for nursery operators to be able to take some action to
improve their business” (Atkinson, 1996).

Remember the growers wanted to see useful information from projects; this then
determines much of the content of TNPs. Researchers are forced, partly by the
format, to concentrate on the most useful and practical outcomes of their work, and
discouraged from simply saying what was done. The treatment or style is “... more
like a good magazine article and less like a (scientific) paper...”. This is often the
hardest point for researchers and their peer reviewers to come to terms with as they
have often spent years developing their scientific writing habits.

THE CHANNEL
The choice of medium is important if we are to achieve the best results with our
target group. The most favoured mediums in the survey were, in order of preference;
personal networks, workshops, and magazines.

The 5-year R&D Plan has as an outcome under the heading of Communication and
Technology transfer “strong, focussed, and adequately resourced networks that
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encourage the seeking and sharing of knowledge aimed at improving business
profitability and professionalism.” So we will be making use of mediums such as
[.LP.P.S. conferences and workshops to get the message across.

One recent example of our use of networks and workshops is the successful seres
of “WaterWork” workshops conducted throughout Australia. These hands on
workshops required growers to use nearly all their senses, except taste unless
delicious morning teas can be counted! This successful series is now moving into its
third phase of training new presenters and developing distance education packages
to allow even more growers to partake. WaterWork is also being used as the model
for development of future workshops.

In the publications area NIAA have completely refurbished Australian Nursery
Magazine including the recent name change to Australian Nursery Manager. Not
only has it been the vehicle for publishing “The Nursery Papers” but the general
content has been improved to better meet the information needs of growers and
other sectors.

Never shy of new opportunities, NIAA and HRDC have also embarked on the
famous or infamous Internet. The two main aims of this project are to:

1) Create a worldwide web site for the provision of information to the
Australian professional nursery industry.

2) Encourage and facilitate use of the Internet and World Wide Web
as a major information resource within the Australian nursery
industry.

We have again concentrated on the information needs of industry and resisted the
temptation to use all the bells and whistles. Our World Wide Web site at
www.niaa.org.au is deliberately a simple but effective site concentrating on quality
content not flashy style.

FEEDBACK

Like all models Berlo’s has its drawbacks and its critics. Probably the most obvious
omission is the lack of a feedback channel. So I suggest we redraw it because without
feedback from you as users, we can easily get lost.

SOURCE — MESSAGE
ﬂ‘ feedback U
RECEIVER — CHANNEL

Figure 2. Modified model.

We need your feedback, both formally and informally, in order to fine tune our
efforts. Formal feedback may be 1n the form of fax or phone surveys, so if you are
asked to participate then please give it some thought and effort because you will be
representing your peers. Informally if you see something useful in a TNP or
something wrong on the web site please send me or NIAA a fax or an e-mail message
so we know how are efforts are going.



112 Combined Proceedings International Plant Propagators' Society, Volume 47, 1997

LITERATURE CITED
Anon. 1996. The Australian nursery industry R & D Plan 1996-2001, NIAA and HRDC,

Sydney.

Atkinson, LA. 1996. The nursery papers - A guide for authors and editors, NIAA and
HRDC, Sydney. |

Berlo, D.K. 1960. The process of communication. Holt, Rinehart ,and Winston, New York.



Tomorrow’s Nurseries 113

Tomorrow’s Nurseries

Peter Albery
47 Spurwood Road, WARRIMOO NSW 2774

Although this meeting 1s held for the purpose of passing on plant propagation
knowledge, this paper is of a different subject, and is based on my 45-year
involvement in the nursery industry. The title of this paper is “Tomorrow’s
Nurseries”, as never before have I seen so many challenges facing both production
and retail nurseries.

To give you some idea as to why I made that statement one has to consider
Australia’s economic situation, and what our future economic situation might
possibly be. This will enable nurseries of the future to steer in the right direction to
ensure survival.

Multinational companies seem to be able to move their profits off shore, thus
avolding paying tax in Australia. These large companies can usually afford to use
the latest technology, and in real terms, are not the bigger employers of peoplein this
country. The tax burden therefore falls on the smaller Australian-owned industnes,
which most horticultural enterprises are. Couple this with the removal of tanftts and
it becomes increasingly difficult for small business to survive.

The other big cost impact on our industry is that of services, e.g. power, water,
drainage. The direct and ongoing cost of obtaining these services is ever increasing.
Environmental laws will close in on Australian industries, the legislation i1s mostly
in place, but as yet not well policed. I think that we all realise that we can not
continue to pollute the earth that we live on, and in particular the waterways. So
tomorrow’s nurseries are in the making today. But in the future it will be difficult
for anyone to start up a new wholesale nursery and comply with the requirements
to satisfy the environmental laws. The capital investment needed would hardly
present a worthwhile business proposition given the present pricing structure of our
commeodities.

Existing nurseries that already own their land and have access or pumping rights
to good clean water will survive the next decade. But only if they look at the changes
going on around them and alter not only the types of plants being produced but also
their production methods to some extent. There probably is not one nursery in the
world using all the technology that is available to them at this time, as some of this
technology may not yet be cost effective. However, to remain in the industry changes
to production techniques and methods will be essential to be able to produce plants
economically.

‘Over the years that I have been involved with this industry I have seen a number
of changes. Today we would consider it primitive to root cuttings without the aid of
mist or tying grafts with raffia binding, using greenhouses with closed sash frames
or loam-based soils in terracotta pots with fairly rudimentary nutritional mainte-
nance. Were the plants any good? Yes they were, in fact I believe them to be more
durable than their modern counterparts. But there 1s no nursery that can turn back
to the old ways and survive economically today. When we look back in 15 years time
at our present systems of production, we will probably say the same thing. Robotics
and engineering technologies are already available and can be made applicable to
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the nursery industry in so many ways, e.g. automatic transplanting machines,
water and nutrient application controlled by sophisticated sensing equipment.
Impossible? These technologies are already available and becoming increasingly
cost effective with time.

The nurseries of tomorrow will probably have closed watering systems. At the
present time production nurseries rely heavily on controlled-release fertilisers
(CRF). With closed watering systems CRFs will still be used as a base, but the
production manager will become more of a scientist, calculating the nutrient
requirements precisely, and using both CRFs and liquid feed to achieve this. My
vision of a futuristic greenhouse will not only be fitted out with the retractable
screens we have today, but will have a retractable roof, supplementary lighting and
far more accurate heating devices that we are currently using. Science will
determine precise resting times for plants, so that winter greenhouse temperatures

can be lowered with great energy savings.
What sort of plants will people want in the future? Can you see them wanting the

trees and shrubs that we see growing in the older suburbs? I think not. The trends
are already changing, smaller blocks of land with cottage gardens, common
playgrounds for all the neighbourhood children rather than individual backyards.
Can you visualise the changes that are taking place now and how we can cope with
these changing needs? What about reafforestation of our horrifically denuded
pastoral and agricultural lands? Will our river systems be running in the next 200
years? Unless we plant trees in the near future, I think not.

So tomorrow’s nurseries will be more precision production orientated. They will
keep their eye on requirements for wetland planting, reafforestation programs, and
the changing trends for home gardeners. Tomorrow’s retail garden centres will also
have to keep pace. Already we are seeing these combined with allied equipment
sales, cafe/restaurants, amusement centres for children, and professional advice
sessions on growing and maintaining plant purchases. Garden centres are becoming
much more service orientated.

Who would have imagined all the changes that have happened since back when 1
started in this industry. And who can really tell how technologically advanced our
society will become. One thing is sure though, this industry needs to advance with

technology.
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An Update on Greenhouse Environmental Control

Carl van Loon
Powerplants Australia, 4-5, First Floor, 86 High Street, Berwick, Victoria, 3806

AN INTRODUCTION TO
PSYCHROMETRICS

A greenhouse manager cannot maximise

37
L
—

control of the greenhouse without some /50%
understanding of the relationship between ,?/ﬂ . /] 3G Z
temperature, light, and humidity. This pa- /o A4 /
per will mainly discuss the relationship P (I e
between temperature and humidity. A good ’ g’dﬁ >‘\/ﬁ.c </
understanding of these processes starts with ééj o £>.< m{\[ e
the psychrometric chart. ¢ SC 1°C 150 20°C 250 G 3G 40
HOW IT WORKS

The vertical lines represent the dry bulb temperature (air tem-

’m/ perature measured with a dry thermometer).
|

These lines represent the wet bulb temperature (air tempera-
ture measured with a thermometer with a wet wick —usually also
involves a fan blowing air on the wick to make water evaporate).

(amount of water vapour in air expressed as a percentage of
amount of water vapour in 100% saturated air)

J The curved lines represent the relative humidity of the air

 E— These diagonal lines represent enthalpy (total energy of the air
in kilojoules kg™ — used to calculate heat loads in greenhouses,
especially when sizing heaters and refrigerative coolers)
N

These lines represent the specific volume (volume of air in m°
kg of air — used to calculate mass of air in greenhouse)
|

The psychrometric chart can be used in the greenhouse for many purposes.

CALCULATING RELATIVE HUMIDITY (RH)

The grower can purchase several types of hand-held RH meters, but 1f one 1s not
available, a fairly accurate measurement can be taken by taking the temperature
in the greenhouse (dry bulb) and then taking the wet bulb temperature. To do this,
set up a thermometer with a wet shoelace over the mercury reservoir, with the other
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end of the shoelace dipped into a small container of
water. A small fan should be set up, blowing air onto
the shoelace. The wet bulb thermometer should al-
ways read lower than the dry bulb thermometer.

If the dry bulb temperature is 30C and the wet bulb
temperature is 20C, find the point where the vertical
dry bulb temp line intersects with the wet bulb temp
line. The nearest curved relative humidity line will
indicate the relative humidity in the greenhouse. In
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this case, the indicated relative humidity is just under 40%.

CALCULATING DEWPOINT TEMPERATURE

(Given a starting temperature and humidity, it is
possible to find out at what temperature the air will
become saturated (100% relative humidity). This is
called the dewpoint temperature and it is a green-
house condition to be avoided.

If the air temperature is 20C and at 70% RH, go to
that point on the chart and draw a horizontal line to
the 100% saturation line. From there, draw another
line directly down and this is the dewpoint tempera-
ture.

CALCULATING COOLING SYSTEMS
It is also possible to calculate the effect of cooling the
greenhouse by adding water vapour to the air.
Ifthe starting conditions are 35C at 20% RH and the
aim 1s to cool the greenhouse as much as possible
without exceeding 80% RH, draw a line from that
starting position, parallel to the wet bulb lines until
it intersects the 80% RH curve. Draw another line
down from there to indicate the temperature that the
greenhouse would then be. In this case itis about 21C
— a 14C drop in temperature.
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From the same chart, it is also possible to determine how much water would be
required to cause that drop in temperature so that a fogging system could be

designed to perform the task.

CALCULATING HEATING SYSTEMS

Using the psychrometric chart it 1s also possible to
calculate the effect on humidity of heating the green-
house air. Heater size can also be calculated.

If the greenhouse starts at 10C and 70% relative
humidity and the greenhouse is to be heated to 20C,
to find the final relative humidity, draw a line from
10C at 70% RH, horizontally until it hits the 20C
vertical line. The nearest curved relative humidity
line indicates that the humidity drops to 50%.

0° 5°C 10°C 15°C 20°C 25°C 30°C 35'C 40°C
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The heater size can be calculated by the change in enthalpy, but the calculations
are too complex for the purpose of this paper.

The calculation of refrigerative cooling (air conditioning) can also be done, but with
the horizontal line moving from right to left instead of left to right.

NOTE: These representations of psychrometric charts are not to scale.

SUMMARY

Oneofthe mostimportant aspects of successful propa-
gation 1s maintaining a low-stress environment for
the cuttings or young seedlings. For many crops there
1s a very small ‘window’ of temperature and humidity
ranges, as depicted in the chart — between 15 to 25C
and between 70% to 95% relative humidity.

Keeping the greenhouse environment within.that.
window can be very difficult and requires good equip- o e e BT BT BT w0
ment and good management.

I hope that this paper helps with the implementation of both.
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Oak Seedling Propagation in Plug Containers

Warrick R. Nelson
Transplant Systems Limited, PO Box 29074, Christchurch

I have had a long-term interest in the development of techniques for propagating
plantation tree species in containers. A factor commonly mentioned as a reason why
shallow containers are unsuitable for tree seedling propagation is that tree seed-
lings produce a long tap root shortly after germination. Pruning this tap root is
commonly considered to be detrimental to the plant.

As 1s obvious from the many millions of containerised plantation tree species
propagated in shallow containers every year, pruning the tap root of these species
has no obvious detrimental effect on either the root system or the overall health of
the plants. However, oaks and other species with similar nut-type seeds are
commonly considered difficult to propagate or totally unsuited to container propa-
oation.

Fresh acorns of English and Turkey oaks (Quercus robur and Q. cerris) were
collected and sown immediately into a peat substrate in Lannen Plantek 64F cell
containers with side slots for air root-pruning. The cells of these containers are 46
mm x 46 mm x 73 mm. The acorns were placed flat,
diagonally across the top of the cells. Seeds were
deliberately not pregerminated because of poten-
tial root defects caused by this practice (Whitcomb,
1988). Normal air root-pruning at the base of the
cells was achieved by suspending the trays on a
metal bench to allow free air movement below the
cells. Water was applied as required.

Six months from sowing, the seedlings were
healthy and thriving. Inspection of the base of the
cells showed some of the roots had curled slightly
around the cross piece at the bottom of the cell. All
pruned roots had a thickened callus at the pruned
end. The seedlings were not easily extracted with-
out disrupting the root plug as the roots had not
yet fully colonised the plug volume. Exposing the
roots showed that lateral roots had begun branch-
ing from the primary root and no root defects were
noted. The very thick radicle emerging from the
acorn had been successfully air-pruned.

Nine months after sowing, the seedlings were
easily extracted from the cells without disrupting
the root plugs (Fig. 1). Exposing the roots showed
a nicely consolidated root plug made up of many
lateral roots, br:uth. prmlary‘and higher order, with L —
no apparent distortion of the root system. The , ' . ng excellent root plug
callus at the pruned tip of the radicle had disap-  ,,s0lidation for ease of plant-
peared, or was easily rubbed off. ing and handling.
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Some seedlings were plugged out into larger containers where they continued to
grow the following spring, showing no adverse effects of their early germination
treatment. Investigation of these roots after a further summer’s growth showed no
root distortion and good lateral root extension from the root plug at all levels.

This experience demonstrated to me that oaks could be easily propagated in a plug
tray. There are a number of distinct benefits to germinating oaks under controlled
nursery conditions in plug containers (Krautman, 1995). The plug method is more
likely to be used as an early stage of propagation rather than for producing field-
ready plants. Research conducted elsewhere tends to emphasise the need for large-
sized transplants of oak species for survival and early field growth (Zaczek et al.,
1995; Burgess et al., 1996).

Why does this form of root-pruning work? Possibly it is because of a physiological
change induced in the root tip before the air-pruning occurs. Physical pruning would
not allow any physiological conditioning of the root system prior to pruning. The
development of a carrot-shaped tap root with essentially no laterals appears to be
linked to physical removal of the tap-root apex close to the cotyledons. 1 have seen
this occurringin many species, including various Pinus and Eucalyptus species after
pricking out.

The key to successful oak plug propagation appears to be to sow only fresh seed,
ensure early pruning of the tap root by gentle means, and continue this root pruning
for a few months after germination to ensure formation of a fibrous root plug
consisting of a tap root and many laterals. Gentle pruning of roots means a gradual
process, not the sudden removal of large parts of the root system. Fertilisation
during this plug phase of growth is not necessary as the seed reserves are adequate
for normal shoot growth.
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Horticulture Training for the Nursery Industry

Rodger McCarthy
NZHITO, P.O. Box 8638, Riccarton, Christchurch

The Horticulture Industry Training Organmisation was set upin 1992 and as a leader
in the Skill NZ strategy was part of a group of four, ironically named, early harvest
Industry Training Organisations. Our ITO represents all sectors of Horticulture,
including production sectors like fruit, nursery, and vegetable; but also service
sectors like amenity and landscape. The nursery sector has been represented on the
ITO from the outset (and still 1s) by the current President of the Nursery and Garden
Industry Association, Mark Dean. I mention this because it 1s important to realise
that the ITO is a nonprofit incorporated society owned and operated by the
horticulture industry through sector organisations such as NGIA.

To date our ITO has built training numbers to 760 apprentices in 10 sectors and
we are aiming for 850 people in our mixed on- and off-job training programmes by
the end of this year (1997).

Three Hundred unit standards, Ten National Certificates, and a National Di-
ploma of Horticulture have been established by the ITO on the NZ Qualifications
Authority National Qualifications Framework for horticulture learners. More
recently 20 credit traineeship taster programmes have been introduced for employ-
ers and employees alike.

The ITO has also trained in excess of 600 industry people in occupational safety
and health compliance procedures through our one day “Health and Safety in
Horticulture” programme.

All our workplace assessors undertake a thorough traiming programme with the
ITO before they can assess apprentices for competency credits in horticulture unit
standards.

The Horticulture ITO is seen by the relevant government agencies as a leader
among the 52 industry training organisations that have been established and we
have certainly made more rapid progress than most. The competency-based
training reforms which the NZ Qualifications Authority and ITOs have been
implementing over the last 4 to 5 years are not without the usual detractors and I
am sure some of you will have heard from this vocal minority who are always present
in times of substantial change. Regardless of this negativity, which often arises from
vested interests, the programme is succeeding in many industries. In horticulture
this ITO is expanding and in August will introduce a new programme for the forest
nursery industry.

Before I finish I would like to leave you with two things to consider:

Firstly, New Zealand’s competitive advantage will increasingly depend on the
human resources it has and the quality and flexibility of the training programmes
that those people have access to. The Skill NZ programme now has over 35,000
people across the majority of our industries in structured training programmes, the
highest number of apprentices and industry trainees in formalised training ever in
this country’s history.

Thatis a major turn around from the situation which existed with less than 12,000
people in training at the end of the 1980s.
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The second thought I will leave you with is this:

Employerssometimes saytome aboutbecominginvolved in the training programme.
“What if I go to the time and expense of training someone and they leave?” My reply
is always. “What if you don’t train them and they stay?”

Containerized Forestry Seedling Production from a
Historical Perspective

Stellan Karlsson
Forest Nursery Specialist, BCC AB/Arbos, Sweden

The following is a subjective report based on discussions and meetings with
nurserymen and researchers around the world, scientific reports and my own
experiences.

The North American Indians were probably among the first container growers in
the world. They used small fish as containers which they threaded on a rope and
hung between two trees. They put a seed 1n the throat, germinated it and let the
seedling grow as long as nutrients and moisture were available in the “container”.

Containerized nursery production systems have evolved during the past 50 years
from simple tar paper pots used in the 1930s, plastic bags used in the 1950s, to the
wide variety of rigid-walled containers in use today. In the beginning the containers
were placed on the ground and very poor growing media was used, often topsoils or
mixes with very low air-filled porosity. This resulted in a lot of problems with
pathogenic fungi causing damping off and root dieback. It also resulted in very poor
field performance with low survival and bad establishment.

Dividing up the “container growing history” in 15-year periods can look like the
following:

1950 - 1965
A period of trial and error with quite low success according to field performance. The
containers were mainly made of different types of paper during this time.

1965 - 1980

The breakthrough for containerized production came during the mid 1960s when
countries like Canada, Sweden, and Finland received the system. Paper pots, hard
plastic multi and single pots, and in the beginning of the 1970s even styrofoam trays
were used in large-scale forest seedling production. The outer dimension of the trays
differed depending on whether the seedlings would be shipped directly in the tray
or extracted in the nursery and shipped in paper boxes. Characteristic to all these
tray models were small drainage holes in the bottom and no ribs on the inside walls.
This design of course, with todays knowledge, caused problems with root spiralling.
It also caused continued problems with root diseases even if the growing media were
improved and peat-based substrates used. Some nurseries alleviated this problem
by using frames or table systems for the trays. This step also made air pruning in
the bottom of the container possible. Fertilizing regimes were not developed during
this period and inappropriate bareroot regimes were adopted which caused prob-
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lems, for instance, starving seedlings with low frost and stress hardiness. The
vociferous criticism against root spiralling forced researchers and manufacturers to
develop new designs of trays and new pruning methods for container seedlings, like
chemical pruning and mechanical pruning.

This led to the next “historical” period.

1980 - 1995

The characteristics for the new models were guiding ribs and increased drainage
area in the bottom. The most commonly used material for trays was hard plastic
(multi and single pots) and styrofoam trays. The use of paper pots decreased during
this period. Several countries around the world received the container system for
large-scale, forest-seedling production and in some countries even programs for
cutting propagation were developed. It was also a time when results from biological
research were applied and programs for fertilization, spraying, storage, and night-
length regulation were formed. Chemical root-pruning, like copper-treated trays,
became very popular in Canada and the U.S.A. and are still today the most used
systems in both countries. The first trays with open sides were developed during this
time but they were designed for mechanical root-pruning. The criticism and fear of
root deformations continued loudly and resulted in the first scientific reports. These
reports were based on results from the first generation trays and showed reduced
stability in container-grown trees planted in high altitude and cold soil plantations.
In the beginning of the 1990s the development of new tray models increased and
resulted in air-pruning containers with vertical slits for stimulation of lateral

pruning.

1995 - 2010

Containerized seedling production increases around the world and new countries
are adopting the concept, which also means new scientists with fresh ideas will be
involved in the development. Air-pruning trays have probably come to stay if the
problem with root bridging can be handled in a proper way. This new container
system needs good air circulation otherwise it has to be mechanically pruned which
is a costly operation. Whether continued use of chemicals for root pruning will be
acceptable in the future is a guestion for politicians. Environmental movements are
growing strong today all over the world and politicians have to take this into
consideration when making decisions. A good example is the case of the Spotted Owl
on the American West Coast. Environmental considerations also advocate hard
plastic containers which can be used in production for several years and then
recycled in a new moulding process. An interesting alternative in the future could
be compressed peat or woodfibre containers if the costs for this system could be kept
low.

Finally, I would like to end this presentation with a warning. After 20 yearsin the
seedling growing business there is still one point which concerns me and that is the
tendency, all over the world, to grow the container seedlings to the size of a bare-root
seedling in a density which is at least five times higher. We must remember that
container seedlings are fresh goods and actually need a “best before date”.

If we continue to grow the seedlings too long in the container without respect for
the seasonal root growth periods, we will surely deform roots irrespective of what
kind of container system we are using, in the same manner as the bound feet of upper
class women of many Chinese dynasties.
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A Review of Factors Influencing Container-media
Temperatures

Michael B. Thomas, Mervyn I. Spurway, and Brian E. Smith
Plant Science Department, Lincoln University, Canterbury

INTRODUCTION

Temperature 1s the main environmental factor determining the release period of
encapsulated controlled-release fertilisers (CRI's). Therefore, an understanding of
container media temperatures is important to the nursery grower. The aim of this
work is to review the factors influencing container media temperature, its effect on
plant growth, and to try to establish to what degree various parameters influence
the relationship between air and container media temperature. Such an under-
standing will hopefully allow a more accurate prediction to be made as to container
media temperatures based on air temperatures. The latter are more readily
recorded and would consequently assist in the estimation of the longevity of CRF's.

FERTILISER RELEASE

Factors such as pH, microbial activity, and moisture levels in growing media have
little affect on the rate of nutrient release from a given encapsulated CRF formula-
tion (Sharma, 1979). Different formulations depend on variations in the capsule
thickness to provide varying release rates (Rutten, 1980), so that the grower can
produce containerised plants for specific periods. The nursery person uses the
growing times provided by the manufacturers for each formulation and so a short-
term crop may utilise a 3- to 4-month or 100-day material. This nutrient release
period is based on a given temperature for each CRF formulation, e.g., 21C for
Osmocote and Multicote, and 25C for Nutricote (Lamont et al., 1987; Anon, 1991).
Additional information on release periods may be given for other temperatures, e.g.,
8-9 month Osmocote will last 10 months at 16C (McPherson, 1994). A local
knowledge of media temperatures is therefore important for making use of the
advantages of CRF's and to assist in decisions such as when to apply a side dressing.
Hicklenton and Cairns (1992) have voiced concern at the way Nutricote recommen-
dations in the U.S.A. tend to be highly generalised and lack specific recommenda-
tions for woody ornamentals. Conover and Poole (1987) also point out that release
curves developed by manufacturers of Osmocote tend to disregard plant and soil
factors in their evaluations.

FACTORS INFLUENCING MEDIA TEMPERATURES

Maximum media temperatures in black polythene bags have been recorded at 49.5C
in Auckland, New Zealand (Young and Hammett, 1980). Similarly daily media
temperatures can be >40C for up to 6 h and 50C for up to 2 hin Southern U.S.A., and
have been recorded as high as 57C adjacent to the container wall (Ingram, 1981;
Martin and Ingram, 1988). These temperatures are not necessarily uniform within
the pot and will tend to be highest on the east side in the morning and the west side

after midday (Ingram et al., 1988). Martin and Ingram (1993) refined this further
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by showing that the highest temperatures at these two positions on the container
walls also tend to be halfway down the profile, regardless of container height (20 to
50 cm)or volume (10 to 70 litres). High temperatures are most likely to occur in black
containers where there is high solar radiation. Pot colours that are most similar to
black, with its potential to absorb radiation, are most likely to promote the highest
media temperature.

MEDIA TEMPERATURE EFFECTS

Of greatest interest here is the fact that high temperatures will influence nutrient
release from CRFs. Worrall (1981) found that nutrient release rate from encapsu-
lated fertilisers increases dramatically with temperatures exceeding 35C and
concluded that this may occur with surface application. It has also been stated that
nitrification can be inhibited resulting in high ammonium-to-nitrate ratios in media
(Walden and Wright, 1995). Johnson and Ingram (1984 ) found that the nutrition of
plants was changed at 40C and resulted in reduced K, Fe, and Zn tissue levels but
increased N uptake.

Conover and Poole (1985) reported on the effect of full sun (in Florida) on media
containing Osmocote having 21 or 32C release curves. Plants with these sources
showed that none of the formulations were acceptable unless given 63% shade. In
further work by these authors, they state that rapid release of nutrients and possible
plant damage may not be as temperature dependent as suspected, and can be
strongly influenced by plant size at time of application (Conover and Poole, 1987).

The important end result of high root temperatures is that plant growth will be
suppressed as a result of direct as well as indirect temperature effects. Ingram et al.
(1986), for example, found that a 40C root temperature regime reduced root growth
and increased the shoot-to-root ratio in different species. Keever and Cobb (1984)
studied the effect of two pot colours and types of mulch placed on the ground. They
found that plants in black pots with a white mulch developed the greatest winter
foliage discolouration and leaf abscission and that wide pot spacings (30 cm) were
also detrimental.

Much research has shown that root and often shoot growth of container-grown
plants subjected to high root zone temperatures is reduced. Spiers (1995) working
with two species of blueberry showed that all plants demonstrated a negative linear
response to these high temperatures. He found that root and shoot growth were best

at 16C and that the two species responded favourably to cultural practices that
lower so1l temperatures during the summer. Blueberries, like many other plants,
have fine shallow roots and there are probably many other plant species that are
especially sensitive to high media temperatures. Ingram et al. (1988) conclude that
heat injury to roots may result in visual symptoms of water stress, nutrient
deficiencies, or lack of vigour. The causal agent of these observed symptoms may
primarily be heat stress. These workers showed that the symptoms can be quite
strongly influenced by container spacing and that plants at 30-cm centered spacings
put on new growth 2 to 3 weeks later than others at closer spacings.

In summary, media temperatures can be influenced by many factors which alter
the amount of solar radiation absorbed. Surface covering, container orientation,
volume, colour, spacing, and pattern of placement are examples of these. Tempera-
tures in turn will influence nutrient release from CRFs as well as the direct and
indirect influences on plant growth. Martin and Ingram (1992) state that the
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primary environmental factors causing changes in media temperature patterns are
solar radiation, wind, temperature, and absolute air humidity. They went on to
develop a computer model to simulate the thermal environment in a container.
Other factors involved are the differing thermal properties of media and the
influence of media water levels (Parikh et al., 1979).

RECORDINGS AT LINCOLN UNIVERSITY

Three studies were carried out to examine media temperature levels in containers.
In each study the probes were inserted into the centre of the media of pots with the
measuring tip 85 mm below the surface. Air temperature was measured at 1.8 m in
an aspirated radiation shield. Temperatures were recorded at 5-min intervals.

Study 1. Media (peat and perlite [1 : 1, v/v]) temperatures of pots containing
Schlumbergera plants in 2.5-litre (175 mm diameter) brown plastic pots on a 1-m
high bench, in a fibreglass greenhouse, were recorded. The mean readings for three
media probes, and air temperatures, plus the total hourly solar radiation recorded
at a nearby weather station, are shown in Fig. 1. This demonstrated a lag period
between media and air temperatures. Another notable aspect was that the air
temperatures overnight were 2 to 3C higher than the media figures. This was
thought to be due to temperature stratification in the greenhouse at different
heights. The air temperatures were recorded at 0.8 m higher than the pot probes.
There was on this late winter day quite low solar radiation. This in part was due to
the somewhat opaque nature of the fibreglass cladding of the greenhouse. When the
sun rose to its highest at noon it caused a peak in the air temperature and a more
rounded rise in media temperature which followed. Air and media temperatures
also showed a subsequent fall after the solar radiation had declined.
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Figure 1. Air temperature (1) and mean media temperatures (2) in a greenhouse and
solar radiation (shaded) on 14 August.
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Figure 2. Air temperature (1), and media temperatures (2) bark and sand [4 : 1, v/v],
1.5 litre, 100%WHC; (3) peat and perlite [1 : 1, v/v] 1.5 litre, 100% WHC,; (4) peat and
perlite [1 : 1, v/v] 1.5 litre, 50% WHC; (5) peat and perlite [1 : 1, v/v] § litre, 50% WHC

in a greenhouse and solar radiation (shaded) on 19 August.

Study 2. Probes were inserted into five plastic pots as stated in Study 1. In this case
the difference was that they contained no plants and had different media, colours,
moisture levels, and pot sizes.

Figure 2 depicts the influence of different media, moisture levels, and pot sizes in
a greenhouse environment. The influence of the lifting-ridge ventilation system is
shown quite dramatically when the air temperature reached a maximum of close to
24C. There was a sudden drop in temperature with cool air replacing hot air. The
peat and perlite (1: 1, v/v) medium heated up most rapidly, especially when at 50%
water holding capacity (WHC). The other three treatments appeared similar;
namely a larger pot (5 litre instead of 1.5 litre) containing the same medium, bark
and sand (b/s) (4 : 1, v/v), and peat and perlite at 100% WHC were all slower to warm
up and slower to cool down than the 50% WHC peat and perlite (p/p) (1 : 1, v/v).

The mean figures for the seven days ( 24-h periods) starting midnight of 16 August
were:

Pot Pot Temperature
Medium WHC Volume (litre) Colour | (C)
air - - - 17.6
b/s 100% 1.5 black 16.2
p/p 100% 1.5 black 16.3
p/p 50% 5.0 black 16.3
p/p 50% 1.5 black 16.3
p/p 50% 1.5 brown 16.2
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Figure 3. Air temperature (1) and media temperatures in different coloured pots (2)
light blue 2.5 litre; (3) brown 2.5 litre; (4) green 2.5 litre; (5) black 2.5 litre; (6) black 1.5
litre outside, and solar radiation (shaded) on 26 August.

The means over these seven days were very similar for all of the pots showing that
although some pots increased in temperature more rapidly than others, this was
compensated for by faster cooling. The air temperature mean was 1.4C above the
media but this may be accounted for by temperature stratification within the
greenhouse as discussed earlier.

Study 3. Five pots were again used but they were placed outside on the north end
of the greenhouse. They were all 2.5-litre (except for one 1.5-litre black pot) plastic
pots and different colours (as shown in Fig. 3). The pots all contained peat and perlite
(1:1, v/v) at 50% WHC and were placed 10 cm apart, running east to west, on a 1-
m high bench. An additional pot was placed at both ends of the line to act as a “guard
pot”. The air temperature was measured at 1.8 m.

Figure 3 shows that colour can have quite a major affect on media temperatures.
During the daythe 1.5-litre black pot heated up most rapidly followed by the 2.5-litre
black pot. Media in the dark green, brown (terracotta), and finally the light blue pots
reached their maximum temperatures between 2 and 3 PM on this winter day

(26 August). The maximum for the small black pot was 10C higher than that of the
light blue pot. A dip in the readings towards the peak of the curves is thought to be
a small pole which would have given temporary shading. It is also noteworthy that
outside in the sun the media temperatures rose between 12.5 and 22.5C above the
air temperature. Hourly solar radiation figures have also been plotted on the graph
and they confirm the importance of the sun’s radiation in heating the pots and
media.
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The mean temperatures recorded over the 4 days from midnight August 23 were:

Pot Volume Temp.
colour (litres) (C)
Light blue 2.5 10.9
Green 2.5 12.5
Brown 2.5 11.7
Black 2.5 12.7
Black 1.5 12.6
Air 8.1

Media temperatures for pots outside were much higher than the air temperatures
and it was found that colour had a great influence with black pots having the highest
mean temperatures.

DISCUSSION AND CONCLUSIONS

In the greenhouse the recorded mean media temperatures were very similar to the
air temperature. It appeared that the nature of the media (ingredients and WHC)
and pots (volume and colour) had only a small effect on the media temperatures. The
ereenhouse had a moderating effect on the media temperatures because of the
relatively low light levels (approximately 50% of solar light transmittance) experi-
enced. It can therefore be concluded that where solar radiation is low, for example,
because of the opaque nature of a cladding material or the application of heavy
shading, it is probable that the greenhouse air temperature will give a close
indication of media temperatures. |

Under these circumstances the media and pot characteristics will have little effect.
This would be particularly so when natural solar radiation i1s lower from late
autumn to early spring. From this it would appear that under these conditions
recorded air temperatures should give an indication as to the likely nutrient release
period of an encapsulated CRF.

In the outside area there were much greater extremes and in fact the air
temperature mean was 2.8 to 4.6C lower than the various pot colours. This difter-
ence 1s accentuated by the clear exposure of the pots to solar radiation and
compounded further by pot colours which absorb heat to varying degrees. This
would be maximised in mid summer in sunny locations and tropical climates or
perhaps in an unshaded greenhouse with clear cladding.

The observations carried out at Lincoln University confirm that there can be quite
large variations in temperature between pots. Solar radiation is the major factor
inducing high media temperatures and it was demonstrated that this influence can
even occur in late winter in Canterbury. This is especially likely to occur with black
pots. Conversely any form of shading, close spacing, and the use of light coloured
pots, all tend to minimise these problems and benefit the plants, as suggested by
other workers. The recordings at Lincoln University have shown that greenhouse
temperatures, under low solar transmittance, can provide a useful guideline but
under high solar radiation, air temperature will probably not help in assessing the
media temperature and consequently the nutrient-release periods of encapsulated
CRF's. Similar studies repeated in summer would help clarify these conclusions.
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INTRODUCTION

The Marlborough chalk cress Cheesemania ‘Chalk Range’is a critically endangered
New Zealand plant (Cameron et al., 1995). It 1s a small herb (10 to 15 cm tall, with
inflorescences up to 25 cm) and the surviving plants were found on mostly south-
facing montane bluffs. The leaves form a single rosette on alarge root which extends
above the ground giving the plant the appearance of a small palm tree (Anon, 1992).
The plant 1s a monocarpic perennial. It is highly palatable and introduced browsing
animals such as goats, possums, sheep, and hares were thought to have eaten the
plant to extinction by the 1970s (Anon, 1992).

However, in 1992, 45 chalk cress plants were found clinging to steep blufis on
private land in the Chalk Range in Eastern Marlborough by Department of
Conservation staff (Anon, 1992). In March 1992, at the Forest Research Institute
(FRI) Rotorua, New Zealand, a propagation programme was initiated, with the aim
of testing the viability of field-collected seed and of establishing protocols for in vitro
multiplication of plants of diverse genotypes. Subsequently the propagation
programme included aninvestigationinto cryopreservation ofin-vitro-grown plants
and long-term storage of seed.

The importance of cryopreservation of endangered species is that it facilitates the
long-term preservation of plants which may produce seed erratically, have threat-
ened natural habitats, and which might have genetic value for crop improvement.
Long-term cryopreservation has the potential to preserve a wide range of genotypes
for genetic evaluation and intercrossing while using a minimum of space and cost.

MATERIALS AND METHODS

Propagation. Seed capsules were collected from three plants and some of them
were sterilised in 270 mg litre* mercuric chloride with surfactant followed by two
rinses in sterile water. Seeds (38) were placed on plant nutrient medium in petri
dishes and incubated with a 16-h light (24C), 8-h dark (18C) photoperiod. After 20
weeks seeds were assessed for germination. Plantlets from germinated seeds were
transferred to a Murashige and Skoog medium (MS) (Murashige and Skoog, 1962),
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containing 2 mg litre" Merck activated charcoal, in 600-ml jars. At 4-weekly
intervals, plants were cut into 10-mm nodal segments and placed in fresh medium.
Nodal segments with roots were transferred to potting mix in the glasshouse.

Cryopreservation. A cryopreservation experiment was carried out using a
vitrification solution designated PVS2 (Sakai et al., 1990; 1991a; 1991b; Yamada et
al.,1991). A small number of in-vitro-grown shoots were cut into 3- to 5-mm nodal
segments and pretreated for 2 days at 4C on preconditioning media (a modified
Quoirin and Lepoivre medium, Horgan, 1987) containing 50 g litre™ glucose or 73
g litre™ sorbitol (0.4 M), with or without 5% dimethylsulphoxide (DMSO). There
were 2 to 7 nodal segments per treatment. Following preconditioning, PVS2 was
added to nodal segments contained in 2-ml cryopreservation vials. These were
cooled in a NalgeneTM Cryo 1C Freezing Container held in a -80C freezer for 1.5 h
prior to immersion in liquid nitrogen (-196C), control segments were removed after
1.5 h cooling. After 1 week of storage in liquid nitrogen (LN) tissue was thawed
rapidly (2 min in a 40C water bath) and PVS2 rinsed from segments with a high
osmoticum sucrose solution (340 g litre™). Nodal segments were placed on MS
medium and returned to standard growing conditions. Segments were assessed for
orowth 4 weeks after thawing.

Figure 1. Vigorous shoot cultures of Cheesemania ‘Chalk Range’ on Murashige
and Skoog medium.
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Seeds which were not sterilised in the initial 1992 germination experiment were
stored at 4C. In 1996, these seeds were surface sterilised, placed on medium and

assessed for germination at 20 weeks (total of 326 seeds).

RESULTS AND DISCUSSION

Propagation. Chalk cress plants were successfully propagated using the techniques
described. The multiplhication factor was high with a four-told amplification per
nodal segment possible at each 4-weekly transfer. No contamination was observed
at any stage during the in-vitro culture of Cheesemania ‘Chalk Range’. After 20
weeks 81% of the fresh seed had germinated and shoot cultures established from
these were vigorous and subcultured well (Fig. 1). Nodal segments spontaneously
produced roots and these plants were transferred to the glasshouse. However, some
problems were experienced with both damping-offfungi and white cabbage butterfly
and none of the plants survived to produce seed. These problems could be overcome
by spraying with fungicide and establishing plants in the glasshouse in winter so
that they would be hardened and less palatable to the white cabbage buttertly.

CRYOPRESERVATION

Table 1. Percentage of Cheesemania ‘Chalk Range’ nodal segments showing axillary
meristem development 3 to 4 weeks after storage in liquid nitrogen.

(Control)
Preconditioning Media Preculture + PVS2  Preculture + PVS2 + LN
50 ¢ litre glucose 100 (2)* 0(7)
o0 g litre glucose + 5% DMSO 50 (2) 33(6)
73 g litre™" sorbitol 50 (2) 0(6)
73 g litre™' sorbitol + 5% DMSO 50 (2) 17(6)

* Number of nodal segments/treatment

Plants of the chalk cress were successfully regenerated from cryopreserved tissue.
Cryopreservation preculture treatments that included 5% DMSO gave up to 33%
survival following immersion and storage in liquid nitrogen (Table 1). No survival
was observed in nodal segments precultured without 5% DMSO (treatments 1 and
3, Table 1). Dead tissue remained bleached in appearance and green shoots
elongated from meristems at the base of the leaf axils (Fig. 2). Other researchers
have also observed the beneficial effects of 5% DMSO in preculture media with
angiosperm in-vitro-grown axillary or shoot-tip meristems (Kartha et al., 1979 and
1980; Fukat et al., 1991; Touchell et al., 1992).

It was noticeable that seed viability was reduced on storage at 4C and after 4 years
the germination had reduced from 81% to 43% after 20 weeks in germination
conditions. The storage of seeds thus seems an unlikely long-term conservation
practice.

Cryopreservation has been used with other endangered species with variable
success. The Australian plant Grevillea scapigera was thought extinct until 1989
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Figure 2. Cheesemania ‘Chalk Range development following cryvopreservation (4
weeks following thawing).

when six plants were found and an in vitro propagation programme was established.
Chrysanthemum [Dendranthema xgrandiflorum (syn. Chrysanthemum
xmorifolium)| related species are also seriously endangered in Japan. Shoot tips of
