PRESIDENT STEVE FAZIO: This morning I would like to
welcome all of you to the twenty-first annual meeting of the
International Plant Propagators’ Society, Western Region. I would
like to do something a little unusual that we haven't done before.
We have a large group of new member New members, if this is
your first meeting, you are in for a treat. You are going to be
exposed to new research in plant propagation and you are going
to see some new techniques and innovations in the nurseries that
we are going to visit on our tours. Our motto, if you are not
familiar with it, is in Latin on the front of your program; it states;
“To Seek and To Share.” This is what we do. We have no secrets.
All of these people that you will visit on the tours and the
speakers on the program will be glad to tell you all about their
propagation procedures, and so on. So, to you we dedicate this
program, this meeting this year, and we hope that you will find it
very, very interesting and worthwhile.

THE PHILOSOPHY OF THE LP.P.S.
RALPH SHUGERT

John Zelenka Evergreen Nursery, Inc.
Grand Haven, Michigan 49417

The thoughts I shall share with you will be centered from
the title — The Philosophy of the [.LP.P.S. Mr. Webster's dictio-
nary, in defining the word “philosophy,” will guide our discourse.
He suggests three concepts for the word philosophy and we shall
share together the relationship of the dictionary definition and
our beloved Society.

Philosophy — “The study of the causes and relations of
things and ideas.” This first dictionary concept will allow us to
reflect upon the beginning of the International Plant Propagators
Society and some thoughts shared during the founding of the
Western Region As we look back in history, we learn that our
Society is traceable to the existence of a previous and somewhat
similar group. An organization known as, “The National Associ-
ation of Propagating Nurserymen,” was formed in 1919 and sur-
vived until 1931, at which time it succumbed due to the severe
economy of the period. At the Eighth Annual Meeting in 1927,
the name was changed to the “American Plant Propagators Asso-
ciation.” The constitution allowed membership eligibility for
nursery firms “engaged in the propagation of nursery stock for
lining out in nursery rows,” but disallowed membership to the
academician, florists, and only to those propagating nursery stock
tor United States distribution. As Al Fordham noted, “One won-
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ders if this stipulation could lead to expulsion of a member doing
foreign business!” The 12th and final meeting was held in Detroit
in 1931, and the Society did not convene again.

The review of our predecessor society allows us to study the
cause of ideas, because it was exactly this philosophy which
created the association known today as, “The International Plant
Propagators’ Society.” In November of 1951, in Cleveland, Ohio,
an enthusiastic assembly of about 100 people enjoyed a two-day
program to discuss plant propagation. At this meeting a commit-
tee was appointed to draft a constitution and the meeting pro-
duced a printed Proceeding of 50 pages. For an example of
growth and development, the Proceedings of the 1978 twenty-
eighth annual meeting consisted of 661 pages!

The history of your Western Region is equally fascinating
with initial action going back to the summer of 1958, followed by
a meeting in June of 1959 at Davis, California, which was attend-
ed by 22 interested and devoted individuals. At the first formal
meeting of the Western Region, Webster’s second definition of
Philosophy is exemplified by the words, “The serene wisdom that
comes from calm contemplation of life and the universe.” It was
in 1960, at the Western Region First Annual Meeting that Dick
Fillmore suggested that Society membership could be a “lessen-
ing of professional loneliness.” Also at this meeting, the keynote
address, presented by Jim Wells, truly pointed out that the plant
propagator is indeed the basis of our industry.

In reflecting on the dictionary words of “calm contempla-
tion”, those words have meaning sitting in an airplane returning
home from a conference. However, all the meetings I have at-
tended afford very little “calm contemplation” in the meeting
rooms. How vividly I recall Harvey Templeton's first discussion
relative to constant mist. I recall the frenzy of excitement that
paper generated and the few comments that it would never work
— “You will drown the cuttings!” The impact of that paper, and
the ensuing multitudinous words which followed, truly revolu-
tionized the propagation practices throughout the world. For the
benefit of the guests in the assembly, I urge you to attend the
Liars Forum this eveing, since I assure you that Jolly Batchellor
will not create an atmosphere of “calm contemplation!”

During our philosophic “study of ideas” we are amazed with
the advances of tisssue culture as a plant propagation techique
and you shall be hearing words of wisdom on this practice this
morning. All of us can be justifiedly proud of the fact that much
technological advance in plant propagation was promulgated by
the I.P.P.S. It is a unique body truly adhering to the principles of
the motto — “To seek and to share.” The Society is strong be-
cause of its members dedication and the union of the person
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concerned with the scientific investigation as well as those in-
volved in the more practical aspects of commercial plant propa-
gation. The constitution of the preceding society in the 1920’s has
been radically altered for the best. We now have the exchange of
thoughts between the academic and practicing nurserymen, and
the restriction of the distribution is no longer valid. Quite the
contrary; we have a strong, devoted, membership from Canada in
both the Eastern and Western regions, and with recent Region
formations in Great Britain, Australia and New Zealand we are
today truly “international” and I would predict that other areas
around the world shall someday attain regional status.

The final definition of Philosphy tells us it is, “A system of
thought or ethics.” The final word in that quotation is ambiguous,
to say the least. In reviewing the Proceedings, a member might
challenge the ethics of budding or grafting Syringa cultivars on
Syringa vulgaris seedlings. Be that as it may, but the ethics of a
sound propagation program are constant and feasible. The vast
amount of knowledge which can be gleaned from our Proceed-
ings — and from our meeting this week — affords all of us the
true potential of producing a better plant. An opportunity to be a
wiser and better individual due to our accomplishments.

It was amusing to read the words of Alfred Hottes as he was
introduced at the 1926 meeting as the author of a book on
propagation. Part of his response to the introduction includes
these words: “Books on propagation are not made the way poems
are — out of pure fabrication or a trip to the cave It is a person
who investigates after long hours of work and study who can
properly produce a book on plant propagation.” 1 feel confident
that both Hudson Hartmann and Dale Kester would agree, and
neither of them took any “trips to the cave.”

My friends, the Philosophy of the I.P.P.S. is communicating,
seeking — sharing — the many facets found in the art of plant
propagation Henry David Thoreau said, “. .. if life proved mean,
why then to get the whole and genuine meanness of it; or if it
were sublime, to know it by experience.” Our Society has created
a treasure chest of vast amounts of plant propagation information
derived from the experience of the plant propagator. The legacy
of our art is indeed in good hands with the members of The
International Plant Propagators’ Society. In no other profession is
the definition of the word Philosophy so apropos. We are all so
very, very fortunate to be engaged in the stimulating science of
propagating plants. During this session, I urge all of you, once
again, to seek and share your talents.
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NURSERY PRODUCTION IN ORANGE AND
LOS ANGELES COUNTIES, CALIFORNIA

WESLEY A. HUMPHREY

University of California
Cooperative Extension
Anaheim, California 92805

Nursery production has grown to a high level in Orange and
Los Angeles counties, California, despite the rapid urbanization.
In contrast, many other types of agricultural production have
been greatly reduced.

The dollar ornamental plant production figures for each
county went over the 100 million dollar mark in 1979. Several
major types of ornamental production are included in the 100
million figures, however, the major part of the production is
outdoor container-grown woody ornamentals. This production in
the two counties represents a major share of the container-grown
woody ornamentals in California.

Both local use and out-of-state sales are important in the
marketing of these products. The continued strong urban devel-
opment in California and superior climate for outdoor production
in comparison with many other areas in the United States has
been a factor in the expansion of the industry. The ready avail-
ability of transportation, an adequate supply of labor and materi-
als, and a highly favorable growing climate have all contributed
to expansion of the industry.

Nursery size can vary from the small grower using one or
two acres of land to those who grow on 100 or more acres.
Nurseries are scattered throughout the basin. Many are located
under the power company transmission lines, placing them at
times in the middle of urban development. The larger sized
nurseries are more often in the more outlying areas with several
of them in the eastern part of Orange County.

With the long dry season, sprinkler irrigation is the rule for
most of gallon-can container production areas with drip or tube
irrigation increasingly being used for the larger-sized containers.
The soil mix is typically light weight due to the advantage of
handling and the reduction in weight for shipping. Shipping
weight has become increasingly important with higher energy
costs and their effect on transportation rates.

With the factors mentioned above, plus others, the Orange-
Los Angeles County area has developed into one of the major
areas for production of container grown plants. The expansion of
nursery produciton has helped keep agriculture viable in a major
urban area.
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TISSUE CULTURE PROPAGATION OF NORWAY
AND SUGAR MAPLE

TSAI YING CHENG

Oregon Graduate Center
Beaverton, Oregon

(Dr Cheng was unable to prepare a manuscript for her talk )

PROFITABLE TISSUE CULTURE
MARTIN J. CREHAN

Plant Tissue Culture Lab.
1232 South Bonnie Cove
Glendora, California 91740

My wife, Elyse, and I considered starting a plant tissue
culture lab when my previous employer, Sherman Orchid Gar-
dens in Glendora closed its business of growing cymbidium or-
chids for the wholesale cut-flower trade. During my 25 years
there we had followed the work of Dr. Morel of France on the
tissue culture of cymbidiums. Within ten years of the first meris-
teming of cymbidiums, Mr. Sherman sold out for, with the ad-
vent of fan and pad cooling of greenhouses, and the availability
of good hybrids the market became oversupplied.

My whole career has been in the horticultural field, includ-
ing two years at an agricultural school on Long Island, New
York, student gardener training at the New York Botanical Gar-
den, plus some work at Kew Gardens in England; theretore
tissue culture seemed like the next logical step

Therefore, after a year’s study of literature at the California
Polytechnic University, Pomona, California, we took a three-day
intensive tissue culture course at the University of California,
Riverside, under Dr. Murashige. Following the details for con-
structing a small lab given during the course we proceeded to
construct our lab. We converted our garage, measuring 20’ X 25/,
by running one-half as an insulated room for the hoods and for
shelves for the bottles; the other half was considered our work
area. Later we constructed a 13’ X 30’ greenhouse and utilized a
three tier bench arrangment which made its capacity — 400 f{lat
size. We installed a desert cooler, gas heater, humidity set-up,
circulating fan, and used Saran cloth on the outside for shade.

For equipment — our two hoods were procured from Ray
Products in El Monte, California and are the type used in assem-
bling electronics, costing around $350 each. Our balance scale
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was secured from a used-scale dealer. Our son, Martin, and
Dave, a neighbor, built our wheel patterned after the one at
University of California, Riverside, which incidentally has now
been copied for the eighth time. The wheel has five revolving
drums and holds approximately 400 test tubes which revolve
once every 57 seconds.

Our shelves are 2’ X 8 and 18” distance from the fluorescent
tubes; and are of pressed wood. Incidentally do not purchase
second-hand fluorescent fixtures.

The walls of the culture room were insulated and covered
with masonite, which was then painted white. On the floor of the
culture room a grade of linoleum was used which is now disin-
tergating and will now have to be replaced. Most of our original
lab supplies were purchased from Van-Waters & Roger; now we
deal with Scientitic Products. However for the second stage bot-
tles in the fern production we use discarded bottles which were
used at a local hospital for intravenous injections. In order to
cool the culture room, a small in-the-wall cooler was used; due to
the insulation no auxilliary heat is needed.

At first we used our electric stove in the kitchen to prepare
and sterilize the media; later a used two gas burner was installed
in the work room and a roof fan installed to remove the fumes.

Our employees are usually part-time students from Cal-Poly,
or the local high school who average 20 hours per week and
receive $5.50 per hour.

[ deliver the plants to the customers and they, in turn, save
the used flats and inserts, which upon return are soaked in a
chlorine solution for 24 hours, reassembled and rinsed with clear
water and left in the sun for 24 hours.

Potting soil. We started with a peat-lite mix recommended by
U. C. R. Extension, which did not prove satisfactory. The Soil
and Plant Laboratory, Orange, California then recommended a
soil mixture and feeding program. This worked satisfactorily until
I had a small stroke and lost strength in my arms, wherein I
started using Metro-mix, a prepackaged soil mix. Despite the
seemingly high price it works out to 23¢ per flat which holds 96
plants. We use a dilute Peter’s fertilizer, using a M. P. Mixer-
Proportioner in a constant-feed feeding schedule.

It usually requires 7-8 months from the time we insert the
runners until the finished product is available. We charge for 90
plants so as not to have to count the plants in each flat. When we
plant a flat it is watered in with fertilizer water and covered with
a plastic bag for 2-3 weeks. Having been placed in the shadiest
lower bench, it is moved upward when uncovered and ends up
on the top bench prior to delivery.
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All shelves in the culture room and greenhouse are washed
between crops with Physan @ 975 ml/3 liters of water and
periodically the greenhouse side-walls are also washed.

Running this profitable tissue culture lab has been a very
worthwhile endeavor, climaxing 40 years of growing. 1 regularly
review over 40 technical journals at Cal-Poly in Pomona, copying
those articles on tissue culture and card indexing same. We feel
that our achievements in tissue culture is due to our life-long
interest and hobby in plants. One of our customers in Anaheim is
starting his own lab under our training.

OVERVIEW OF TISSUE CULTURE AT K. M. NURSERY
[IRO MATSUYAMA

K.M. Nursery
Carpinteria, California 93013

We, at K M. Nursery, have been involved in tissue culture
since 1969. We have met and talked with many researchers and
commercial producers from almost every country in the world
about the problems we have encountered.

The foreign countries are working on mostly vegetative
crops, such as those grown for paper pulp and number, especial-
ly in the smaller countries, while in the United States it seems
we are producing mostly ornamentals commercially, although
much research is going on in tissue culture of herbaceous crops
So it will not be very long before many of the important herba-
ceous plants will be produced through tissue culture

Many nurserymen do not understand propagation by tissue
culture although many articles have been written and talks have
been given by speakers on this subject. Many people think tissue
culture is as simple as mixing some media formula for all cul-
tures, then placing shoot tips in a test tube and culturing it in an
ideal room temperature and in a few weeks having sizable multi-
ple plantlets. This is wishful thinking. It takes many man-hours
of research for each species and cultivars that you are going to
culture for commercial production, especially for hardwood
plants.

When first starting commercial production sanitary condi-
tions aren’t a problem as laboratory equipment and the culture
room are new and easily kept clean. But as time goes on, in mass
propagation contamination will appear.

I have always said research is one thing that we all need.

4()



All shelves in the culture room and greenhouse are washed
between crops with Physan @ 975 ml/3 liters of water and
periodically the greenhouse side-walls are also washed.

Running this profitable tissue culture lab has been a very
worthwhile endeavor, climaxing 40 years of growing. 1 regularly
review over 40 technical journals at Cal-Poly in Pomona, copying
those articles on tissue culture and card indexing same. We feel
that our achievements in tissue culture is due to our life-long
interest and hobby in plants. One of our customers in Anaheim is
starting his own lab under our training.

OVERVIEW OF TISSUE CULTURE AT K. M. NURSERY
[IRO MATSUYAMA

K.M. Nursery
Carpinteria, California 93013

We, at K M. Nursery, have been involved in tissue culture
since 1969. We have met and talked with many researchers and
commercial producers from almost every country in the world
about the problems we have encountered.

The foreign countries are working on mostly vegetative
crops, such as those grown for paper pulp and number, especial-
ly in the smaller countries, while in the United States it seems
we are producing mostly ornamentals commercially, although
much research is going on in tissue culture of herbaceous crops
So it will not be very long before many of the important herba-
ceous plants will be produced through tissue culture

Many nurserymen do not understand propagation by tissue
culture although many articles have been written and talks have
been given by speakers on this subject. Many people think tissue
culture is as simple as mixing some media formula for all cul-
tures, then placing shoot tips in a test tube and culturing it in an
ideal room temperature and in a few weeks having sizable multi-
ple plantlets. This is wishful thinking. It takes many man-hours
of research for each species and cultivars that you are going to
culture for commercial production, especially for hardwood
plants.

When first starting commercial production sanitary condi-
tions aren’t a problem as laboratory equipment and the culture
room are new and easily kept clean. But as time goes on, in mass
propagation contamination will appear.

I have always said research is one thing that we all need.

4()



Commercial production is something else when tens of thousands
of cultures are involved every day.

In January, 1975, we were able to get started in commercial
tissue culture production in our own laboratory, with the help of
Dr. Toshio Murashige of the University of California, Riverside,
who was instrumental in getting us started. Without his help,
advice, and encouragement we couldn’'t have gotten started or
come as far as we have.

All tissue cultured plants produced in our laboratory are
transplanted into 1-gallon, 5-gallon, or 15-gallon containers to be
sold as outdoor landscape material. Any excess we produce is
sold as 214" pot liners.

In over five years of commercial production, we are con-
stantly doing research to see if we can get better multiplication, a
superior rooting system on woody plants, with quicker and better
ways of hardening off.

Most laboratories are producing indoor house plants. With
these there are not many problems compared to woody land-
scape plants. First of all, in woody plant you have contamination
from the soil This is natural because they are grown directly in
or on the soil, while house plants are grown indoors and isolated
from the ground, so there is less chance of contamination.

Woody plants are more inconsistent in the multiplication
stage than soit wood materials. Many times contamination is
within the tissue itself, which makes it harder to clean during
culturing. There are times when the disinfection process has to
be repeated 3 to 5 times to get the material clean. The best
procedure is to isolate the mother stock plants off the ground —
kept indoors if possible. Keep it under drought condition and
irrigate only when needed and from the bottom only. By doing
this for 3 to 4 months there is a better chance of getting a clean
culture. Contamination during culture has to be watched closely.
It is easier to prevent contamination than to control it after
infection. This is not only viruses and bacteria but includes
thrips, mites, web gnats, etc. Some of these insects are so small
and transparent that it is almost impossible to detect them with-
out a 25X power microscope.

Next, rooting is a problem on hard-woods. But it is just a
matter of time before it will be solved.

| think the major problem, at the present time, is the harden-
ing off after rooting in the liner stage, before it goes out to the
outside environment. Humidity, temperature, light, mist control,

rooting, fungicides and fertilizers, have a lot to do with survival
of thé plants.

Media — originally, we were making our media from
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scratch. Later, we started to buy pre-mix media to save time and
labor. For a while it seemed like a good pre-mix, but later we
started to see some difference in the growth of some cultures. So
we did some tests and found that the company had forgotten to
include some chemical in the pre-mix or they had substituted
some chemical with inferior products After our tests we decided
to go back to making our own media.

We have cultured many plants species. But, for reasons of
costs, in time and labor, we have found that the conventional
method is the better way for propagation of some species of
plants.

Commercial production of the following species has been
accomplished:

Agapanthus ‘Mood 1ndigo’ F decora ‘Burgundy’
Anthurmum F pandurata
Ophiopogon planiscapus ‘Arabicus’ Hemerocallis 'Aztec Gold’
Black mondo grass Howea forsterana
Ophiopogon japonicus, Dwarf mondo Nandina ‘Royal Princess’
grass Nandina ‘Compacta Nana’
Clerodendron thomsoniae Nerine
FERNS Photinia X fraseri
Adiantum raddianum (Syn A Sequola sempervirens
cuneatumj S sempervirens ‘Santa Cruz’
Alsophila australis Simmondansia chinensis [Syn , S.
Aspidium capense (Rumohra california}
adiantiformis ? Bot ed ) Tupidanthus calyptratus
Davalha trichomanoides Zanthoxylum piperitum
Dicksonia antarctica
Nephrolepis exaltata

Woodwardia fimbriata
Ficus benjamina
F decora

MODERATOR BRUCE BRIGGS: We have time for a few
questions. The first is for Dr. Cheng.

VOICE: How do you obtain your explants for your tissue
cultures?

TSAI YING CHENG: Tree species are very different tfrom
herbaceous plants. What we do is to provide enough chilling
treatment and then bring the stock plants into the greenhouse
and force them to break dormancy. Then we force the new
shoots to grow very rapidly and then we take these shoots for
tissue culture use. Now, after we remove the shoots from rapidly
growing trees, we remove the leaves and cut the stems into
appropriate sizes and then sterilize with Clorox. Then we put
them into a conditioning medium because most of the stem
pieces we obtain from trees, even after Clorox treatment, are
often still contaminated with microorganisms. So, by having this
conditioning step, we can eliminate all the contaminated ones,
and just choose clean materials for shoot multiplication. Also
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under these conditions we try to treat plant materials in such a
way that they are homogeneous so that when we put them into
the shoot multiplication stage they give us a more homogeneous
type of response. In addition, when you have plant materials
under tissue culture conditions, often you don’t have to put them
in shoot multiplication medium right away. You can maintain
them in a conditioning medium and hold them for a time. It is a
convenient step for us. Therefore, in the preconditioning treat-
ment we use a basal medium which contains very small amounts
of auxin and cytokinin. I am talking in terms of something like %o
of 100 ppm of IBA and BAP. Or we put them in the basal
medium without any hormones and later transfer them into a
medium containing hormones, depending on the plant species or
cultivars. We have to decide which is the best method to use.
The conditions for the preconditioning treatment are 16 hours
photoperiod, 200 foot candles, and 20°C temperature.

WES HUMPHREY: Jiro Matsuyama, you showed a slide of

Howea forsterana. You are doing some work on that in tissue
culture with some success?

JIRO MATSUYAMA: The reason I am working on Howea is
not to get multiplication; it is to cut down on seed germination
time. It is embryo culture. I can save 50% time on germination.
You have to know the correct time to excise the embryo. That is
the trick to it. You don't wait for the seed to get ripe. The older
the seed the harder it is. Doing embryo culture in the culture
tube is one thing, but getting it out into the light is another story.
It is real hard. We are working on it right now. We have quite a
bit of it going, as far as that goes, in the culture tube. Getting the
seedlings into the outside is the problem. I think that is what
most of the production people are having a problem with.

LES CLAY: Dr. Cheng, have you had any experience in
working with the Japanese maple?

TSAI YING CHENG: Well, grafting and budding — yes. You
are asking a question that I am not supposed to answer. Since
you ask the question, I work for the Oregon Graduate Center and
my personal interest and the Center’s interest has to be differen-
tiated very clearly. Japanese maple has been my interest for
years. Since I am doing tissue culture at the Center so what I can
do with Japense maple is to try to improve the conventional
methods. I am doing cuttings, grafting, budding with Japanese
maple with quite successful results. But tissue culture, I have to
talk to the Center to get approval before I can do it.

VOICE: What type of gibberellic acid was used in your
work?

TSAI YING CHENG: I use GA; at 10 ppm. With maples we
have to make sure that the cytokinin is on the lower side. The
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high side is inhibitory, the proper balance of the three hormones
(auxin, GA, and cytokinin) is very critical.

BRUCE BRIGGS: You say that cytokinins tor Japanese ma-
ple should be on the low side?

TSAI YING CHENG: T would say about 0.1 or 0.2 ppm. The
maple is a very striking example of the GA effect. It is so clear
cut. You can see it in one week, with or without GA,. It is very
clear cut.

BRUCE BRIGGS: The problem you get into with GA is that
you stimulate a plant but then you find it hard to put roots on the
other end similar to what we have in cuttings. We sometimes had
to quit using GA on plants because the cuttings didn’t root. I am
sure through tissue culture we will solve this problem — either
through light or temperature or through a rest period or someway
where we can destroy the GA and get some roots to develop

VOICE: Jiro, are you having good results on all of your
redwoods, or is there a difference among cultivars?

JIRO MATSUYAMA: Well, mostly it is still in the research
stage. I don't call it actual production yet. It doesn’t come out the
same all the time; we raise quite a few, but still T call it research.
I am working with Sequoia sempervirens ‘Santa Cruz’. So far it
seems like it is pretty successful, But I can’t say yet. A lot of these
plants may be worth propagating through tissue culture. If it isn't
we just quit. We do it through the conventional method of propa-
gation; it is a lot easier and cheaper

RALPH SHUGERT: Tsai, 1 have two questions on Norway
maples. One, does it make any difference what the explant is?
Are you taking stem or leat, whatever? Number two, after you
get the rooted shoots, what about the stage until the nurseryman
plants it out in the field as a one year liner? How are you

handling that?

TSAI YING CHENG: The second question, I cannot

answer very well because I am not involved in the commercial
end of it. Maybe Bob Ticknor can answer you second question.
The first question; we prefer to use stem explants. Even using
stems we got lots of contamination. In using leaves, they are
more tender when you go through Clorox treatment so you get
lots of bruises So we prefer to use stems and, if necessary, at the
conditioning stage we force the stems to produce other shoots, so
will have new stems and leaves from there.

RALPH SHUGERT: So you are taking one year wood, real-
ly?

TSAI YING CHENG: Yes, the stem will be new growth.
RALPH SHUGERT: Does juvenility enter into this?
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TSATI YING CHENG: Because all the trees are mature, I am
not sure that they return to juvenility.

RALPH SHUGERT: OK, now how about the handling of the
stock plants?

TSAI YING CHENG: Well, T got my maples from McGill
Nursery. They gave me small size trees — just big enough to put
in the greenhouse.

RALPH SHUGERT: Would it be a one-year whip, a one-
year bud?

TSAI YING CHENG: Yes, about one year. I don’t want to
handle big trees. Small ones are much easier for me. Sometimes
[ cut the terminal buds off, and strip all the leaves to force the
lateral shoots to grow. I take new growth from these.

BRUCE BRIGGS: Martin Crehan, you have been doing quite
a lot of literature research on tissue culture propagation and
keeping data on new plants and new material. Are you keeping
up with the literature right now? You might like to comment on
what you are doing in this area.

MARTIN CREHAN: I am located close to the California
Polytechnic University at Pomona; when the idea first came to
me, I did all of my studying at Cal Poly LIbrary. It is just a hobby
with me. I copy most articles that are found in about forty
different publications that are available at the Cal Poly Library. I
xerox them, bring them home, and index them; I have a buddy
up at Carpenteria, California, and 1 usually send them up there
to him. He xeroxes what he needs in his lab and sends them
back. We have numerous visitors and, believe it or not, they are
from all over the world, from Taiwan, Australia, and New Zea-
land. When the American Society of Horticultural Science Con-
ference was at Fort Collins, Colorado, we had three Ph.D’s stop
in during one day Most of the students at Cal Poly that want to
do senior projects in tissue culture will come over and copy a lot
of the reference work. It is really just a hobby with me, but it is a
seven year collection, so far. I am starting to run out of file
cabinets.

BRUCE BRIGGS: If we were to write you about some par-
ticular work that you might have information on, would you
answer?

MARTIN CREHAN: Yes.

BRUCE BRIGGS: So, you members that have some new
plant and are looking for some new data, here is a source of
information.

Now, I would like to have all three of you comment on this
problem. Do you feel we may have a problem in genetic break-
down in tissue culture? If we do have such a problem, how are
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we going to solve it? I am talking about genetic variation —
crooked leaves, stems, and such things that people don’t like to
see appearing in asexual propagaiton. We want to have a plant
that comes true to name.

TSAI YING CHENG: Yes, I am very concerned about it. So
what I suggest, perhaps, is to use hormones at the lower concen-
trations, because we know that to use high hormone concentra-
tions you tend to induce a change in the chromosome numbers.
Second, try to bring in new materials as often as you can so
make sure you are not continually propagating a mutant.

MARTIN CREHAN: Bruce is talking about mutations. When
we first started working with tissue culture, we ended up with
the most beautiful mutations you have every seen. I have a bank
in back of the greenhouse I built up with those mutations. When
the problem was referred back to Dr. Murashige then, it was
found out that in the second stage, the multiplication stage of the
ferns, we were causing mutations. The recommendations then
were that we could repropagate in tissue culture five, six, or
seven times, but research at the University showed that the
problem was alleviated by repropagating during the second stage
only three times.

BRUCE BRIGGS: I think that Dr. Cheng did some work a
while back — it is reported in the Proceedings — where she
showed the chromosome counts didn’t vary too much between
tissue culture and normal propagaiton, which might be some
indication. Have you changed you mind on that, Tsai, or have
you checked anymore chromosomes?

TSAI YING CHENG: I haven’t checked, but we have trans-
planted many tissue culture plants into the greenhouse and mor-
phologically they loock very good.

BRUCE BRIGGS: Jiro, on the same subject then, can we go
the other way? If you are studying a new plant, you may have
better results if you use cytokinins at a very high level so you can
get shoot development, which means you get more shoots. But in
the process of doing it there is the possibility of more mutations.
Now, do you feel that we would be better to start off that plant
slow, or would it be better off to go high in the cytokinins to get
more shoots and then take it down to a low level. Or is there any
difference?

JIRO MATSUYAMA: Well, when you are f{irst starting out
on tissue culture, you can use about six different kinds of media.
Variations can occur; watch and see what happens. We try to get
the minimum callus possible, but get roots to form. That is the
main thing. If you get too much callus, you get too much root but
then you know there is no top to it. The main thing is to have
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shoots and roots. Shoot multiplication and rooting too. You have
to have both.

VOICE: Has anyone produced fruit trees successfully by
tissue culture methods?

TSAI YING CHENG: Well, the fruit trees I worked with was
on understocks, not fruiting cultivars.

BRUCE BRIGGS: Dr. Anderson at Mount Vernon, Washing-
ton, has ‘Red Delicious’ in tissue culture; he is working on a
project with several of the spur-type sports. At the present time, I
am not sure that he has any tissue-culture grown trees back to
the grower but he does have them growing. He has a rooting
problem with the shoots, but he is working on that. They do not
respond as well as the rootstock types. But I know that they are
going to solve this problem.

ARDA BERRYHILL: Jiro, you mentioned that some things
you grow are more suitable by conventional propagation than by
tissue culture. Out of curiousity, could you mention those that you
find more suitable for conventional propagation than by tissue
culture?

JIRO MATSUYAMA: Well, like I said before, Photinia X

fraseri, is one You can grow that by tissue culture like a weed,
but it is not worth it. If you propagate by conventional methods,
it is just as easy. You can get all you want.

ARDA BERRYHILL: It is a matter of economics.
JIRO MATSUYAMA: Yes, that’s right.

VOICE: Jiro, could you elaborate on what you said on vari-
ations in the sequoia? What were the variations that you saw?

JIRO MATSUYAMA: What [ meant was that you find a

mother stock tree with a lot of close nodes, good tree shape, and
then you try to tissue culture from that strain.

RALPH SHUGERT: Bruce, has anybody tissue-cultured
Taxus?

VOICE: I think in France they are working with Taxus,
yellow pines, and cedars at the Phytotron just outside Paris.

RICHARD SMITH: Dr. Cheng, you mentioned the virus load

in certain woody ornamentals you are working with. Have you
made any attempt to free these plants of virus?

TSAI YING CHENG: Yes, but I haven't looked at the end
results yet [ have been taking shoot tips and recycling them in
the tissue culture. They seem to be more vigorous but I haven't
looked at them under the electron microscope or used any index-
ing method so I cannot tell you clearly that they are free from
viruses. But they should grow vigorously.
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BRUCE BRIGGS: Is Dr. Harris here from Victoria, B.C.? He
has been working on grapes; last year he ran about half of his
grape cultivars through tissue culture and repeating the process,
he felt at that time they were free of those viruses that he could
identify. It would be interesting to see whether we can do this
with all woody tissue, but it was done on grapes — and it is
promising.

KIWIFRUIT PRODUCTION
W. H. BROKAW

Brokaw Nursery, Inc.
Saticoy, California 93004

INTRODUCTION

Of all the recently introduced subtropical crops, none has
caught fire like the kiwifruit or Chinese gooseberry, Actinidia
chinensis. Not an old warmed-over crop, or one that's been
hidden in the corner, this one is a real newcomer. Since its
commercial introduction by New Zealand, it has been grown
commercially in the Western and Eastern United States, other
American countries, Israel, Greece, Italy, France, South Africa,
and Japan.

Actinidia chinensis is native to borders of the Yangtze Valley
of China where it is not subject to serious frosts, but receives
enough winter chill to stimulate profuse blossoms. The wild plant
of these regions is a large vine that may climb to a height of 30
feet (10 m). Until recently, its popular name was Chinese Goose-
berry.’

The Chinese Gooseberry was brought to New Zealand about
1900, and planted as a curiosity. It remained in obscurity for
years, until the New Zealanders developed certain prolific culti-
vars which bore abundant, highly edible fruit. The most famous
of these, and the current standard, is the ‘Hayward.” By the
1960’'s, New Zealand growers exported Chinese gooseberry fruit
to the United States. About 1974 they adopted the name “kiwi-
fruit” — presumably because of the brown hairy exterior, remi-
niscent of their native national bird, the kiwi.

The United States received its first pair of kiwifruit plants
from New Zealand in 1935, they were planted at the USDA Plant
Introduction Station at Chico, California.

The Tanimoto Brothers of Gridley first propagated kiwifruit
commercially in 1964. They had heard of imported Chinese
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gooseberries selling in San Francisco for $1.50 per pound Con-
versation with their University of California Farm Advisor led
them to horticulturist Bob Smith, at the USDA Chico Station, who
furnished them with advice and propagation materials from the
“mother vine” at Chico and from the Chico male vine Fortunate-
ly both Chico vines turned out to be superior and complementary
cultivars for commercial production in the Sacramento Valley.
The mother vine cultivar is now known as Chico Hayward.

VINES AND FRUIT

Kiwifruit vines are vigorous and large. Single vines can
become the size of large orange trees. Their dark green leaves
are roundish, flat, and 10 to 12 inches across. The plants are
divided into sexes (the species is dioecious) so that male plants
are staminately fertile; female plants are pistillate fertile. Nor-
mally only female plants bear fruit, though hermaphroditism has
been reported.

Usually deciduous, the kiwifruit vine sometimes fails to com-
plete dormancy in certain warm winter locations. If winter chill-
ing is insufficient, leaves may become tattered and burned at the
margins, and remain attached to the plants for long periods.

Climatic limitations for the kiwifruit are not stringent. Fine
kiwifruit growing areas in California include the Central Valley,
the hills around Ramona in the South and Red Bluff area in the
North. These areas are normally free from severe freezes either
during March, April, and May when kiwifruit vines are produc-
ing spring shoots and tlowers, or during October and November
when the vines are carrying unharvested fruit. Yet, these areas
are cool enough to fulfill the chilling requirements. Nobody real-
ly knows precisely what are the chilling requirements. We only
know that the Central Valley normally provides correct condi-

tions for the most popular cultivars, whereas the balmier coastal
regions of Southern California do not.

Lack of frequent strong winds seems to be another requir-
ment for kiwifruit culture. An abundance of high quality water
must be available for proper growth since the kiwifruit’s shallow,
fibrous root system has become adapted to heavy rainfall areas.
It is essential that sufficiently extensive ground areas be [re-
quently and abundantly watered and that the soil have efficient
internal drainage qualities.

Kiwifruit vineyards are not troubled by many serious pests.
Occasionally, though, they are visited by scales and moth larvae.
Crown rot is sometimes a problem when high temperatures and
wet soil coincide. Crown rot in young vineyard plants has been
attributed both to Phytophthora and Rhizoctonia species.

The most popular cultivars have fruits about the size of
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goose eggs, with stiff hairs about 1/16” long extending outward
from the brown skin on all surfaces. The interior flesh is bright
green in color, translucent, and dotted with hundreds of tiny,
dark, edible seeds. Its flavor has been compared to that of the
strawberry, pineapple, melon, guava, and so on. Fresh fruit may
be stored at 6°C (43°F] for at least six months. Kiwifruits are
useable in many ways. The fruits can be peeled and eaten out of
hand, or served as slices in salads and in fruit desserts. They may
be frozen or canned. They make tasty preserves or jam Addi-
tionally, a thoroughly acceptable kiwi wine is now on the market.

VINEYARDS

Commercial kiwifruit vines are large and bear heavy loads
of fruit requiring the support of a very sturdy trellis system.
Generally trellises are of the “T”-bar type, most commonly con-
structed of vertical members of lodgepole pine, 5”-6” in diameter,
that rise to 6 or more feet above the ground. Crossarms are 6 feet
long and horizontally mounted at the top of the vertical member.
These trellises are braced and set at 20 foot intervals in rows that
are about 15 feet apart from center to center. Five wires are
stretched tightly on the crossarms of the trellises from the ends of
the rows. A kiwifruit vine is planted by each trellis.

Figure 1. Diagram of typical five-wire T-bar trellis system used for kiwifruit

Female plants outnumber male plants eight to one in most
commercial plantings. There is no sacred ratio but one male to
eight females is standard practice.

The most time consuming operation in any vineyard is prun-
ing. Each winter, growth is cut back allowing fruiting wood to
remain for the following spring. In addition, summer pruning is
performed to provide proper illumination of the vine’s interior.

PROPAGATION
California commercial propagation has a history of only 15
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years, and the methodology is in a state of flux. Most propagation
has been for the purpose of providing vines for commercial
plantings.

California kiwifruit vines are normally grown either as graft-
ed seedlings or rooted cuttings. Grafting of seedlings is the most
popular method as it is easy and dependable.

Grafting of seedlings

Raising the seedlings: At Brokaw Nursery, Inc. we normally
sow the tiny kiwi fruit seeds (about 1 teaspoon per flat) in the
hothouse during January, February, or March. The seeds have
been previously extracted from commercial fruit of any standard
cultivar. Extraction is done by hand, which is very laborious, or
by machination of the fruit in a blender and subsequent separa-
tion from the pulp through a strainer. The equivalent of stratifi-
cation may be accomplished either by: (a} layering the seeds in
damp sand in a refrigerator for three weeks, or (b) leaving the
surface-dried seeds in plastic bags, removing them from the re-
frigerator during each day and returning them each night for a
period of three weeks. These “stratification” procedures are for
the purpose of breaking dormancy, a condition which often af-
flicts the kiwifruit seeds soon after they are extracted from the
fruit.

About a month after sowing, the young kiwifruit plants are
growing thickly A few will be ready to transplant bare root, into
small pots. We normally plant them either into Jitty #7’s or into
small plastic bags filled with a peat-perlite blend. After the
plants in Jiffy #7’s have established roots, we transplant them
outside into three gallon plastic containers for later grafting.
Sometimes we hold the small seedlings planted in the bags and
graft them in the greenhouse

Grafting — (inside the greenhouse in small plastic bags): I
understand that some nurserymen “green-graft”, which is grafting
scions onto green succulent seedlings in the hothouse. Personally,
I have not succeeded with this method. We graft by using a
whip- or wedge graft after the main seedling stem has matured
and hardened. For this, we use dormant, or firm green, scion
wood. After the scions have knitted and grown to a five or six
inch length, the young grafted plants may be transplanted into
larger containers.

Grafting — (outside in three-gallon container):. Plants that
have been transplanted into large containers (1 gallon or more) in
the spring may be whip- or wedge- grafted, or budded the fol-
lowing September or October, or the next April or May. Fall
grafting may be accomplished either with dormant scions from
the prior winter or with firm green fall budwood. For spring
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budding one may use dormant buds stored from winter gather-
ings.

Sometimes nurserymen gralt during winter, using dormant
scions. If one does this, it is wise to use local scion sources only,
as it is essential that the grafted scions do not break dormancy

before the rootstocks do or before the callusing (healing) process
is under way.

Grafted seedlings make fine plants and are preferred by
many vineyard owners. They have two possible deficiencies: (a)
uncontrolled rootstock shoots may outgrow the scions; and (b) in
case of a strong freeze the plant may be frozen to the ground,
thus killing the wood to a point below the graft union. In the
latter case, subsequent regrowth of the rootstock can be regrafted
with new scion wood.

Rooted cuttings

There is a common opinion that New Zealand nurserymen
find it very fast and efficient to root cuttings, but believe that the
more troublesome grafted seedlings are superior.

Both hardwood and softwood cuttings have been attempted
in California. While there are a few reported successes with
winter hardwood cuttings, most positive results have been with
fairly young spring, summer, and fall softwood cuttings. One,
two, and three-noded cuttings have been used, with a single leaf
(often trimmed) attached to the upper node. Mist may be applied.
Hormone dips (IBA at 6000 ppm is standard) are normally ap-
plied.

A common problem with the rooting of cuttings is that the
foliage buds often precede the emergence of roots. The ever-
abundant callus tissue is said to inhibit root initiation. Perhaps
this could be controlled by heating the rooting medium while
retaining a chill in the moistened atmosphere above the rooting
medium.

Another problem seems to be that the leaves are prone to
abscise before the buds sprout. The cuttings then act as if they
are going into dormancy.

Some growers report that the root systems of cuttings are
inferior to those of seedling rooted plants. However, the few
cuttings that we've grown at Brokaw Nursery, Inc., seem to have
satistactory root systems.

GROWING THE PROPAGATED PLANTS

At Brokaw Nursery, Inc., we sell a grafted plant that is about
15 months from seed. It consists of a single long vertical shoot,

five feet long, with a leaf at each node, trained to a stake. Its

caliper is about %2 inch.
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The most troublesome part of growing such a plant is the
training of the scion to climb straight up its own stake. Being a
vine, the fast growing tip forever seeks neighboring stakes and
winds around them Therefore, one has to be always correcting
the vine with training ties of some sort Further, before the vine
reaches the top of its stake, it often slows its growing so that the
tip begins to twist and “corkscrew”. When this happens, a com-
mon remedy is to cut the leaders back to pencil-thick wood. In
three or four weeks, a strong axillary bud will assume the func-
tien of the former growing tip.

TIMING FOR VINEYARD PLANTING

Since kiwifruit plants are deciduous, many excellent vines
are delivered bareroot. They are grown in nursery rows, dug
during the winter, and planted during the winter or spring. They
may be stored for a time under refrigerated conditions.

Containerized plants, such as ours at Brokaw Nursery, may
be planted at any time during the year Kiwifruit plants are
precocious and vines that are planted in October may bear a few
mature fruit one year later.

THE POTENTIAL FOR GARDEN KIWIS

Kiwifruit vines are popular among homeowners because of
their novelty and the fact that nearly everyone likes the fruit the
first time he tries it The vines are attractive but must be pro-
vided with robust support and ample space. Some people design
arbor systems, which can be utilized for shade in the summer
and provide an open latticework protection during the winter.

[ have not yet seen anyone espalier kiwifruit though it seems
possible.

Incidentally, young kiwifruit plants are attractive ornamen-
tals indoors. A few years ago we produced “Kiwi Pairs” (male
and female) in an attractive six inch pot. They were sold as an
item to grace the interior of the house temporarily, and later to
be transplanted outside. Though very attractive and popular, they
had a survival problem. The indoor plants were exceedingly
tender when transferred out of doors, and home gardeners con-
sistently lost them.

CULTIVARS

Two commercial cultivars are standard in California. the
‘Hayward’ and the ‘Chico Hayward’. They produce abundant
crops of ovoid fruit. Both cultivars have a fine flavor and pro-
duce good sizes (3 to 5 0z.) in most California districts.

Some of Southern California’s coastal districts provide too
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little chilling for these standard cultivars and in these areas it is
best to use one of the following alternatives:

‘Bruno’ — this is a New Zealand cultivar with somewhat
smaller fruit of a long narrow shape. The vine is quite
prolific.

‘Vincent’ — This cultivar is from a seedling of Fred Vincent,
propagator in balmy Yorba Linda. The abundant fruit, some-
what smaller than ‘Hayward,” has been very acceptable to
Mr. Vincent’s local customers.

Two male cultivars are in common use in California. They
are ‘Chico Male' and ‘Matua.” While there has been some com-
plaint about their blossoming periods, both seem to be more than
satisfactory under most commercial conditions in California.

REFERENCES
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Von Staden, DF A Raising kiwifruit seedlings, Kwederstydskrif Nurserymen'’s
Journal XV 3, October 1979, South Africa

Weet, CS Variety selection mmportant to kiwi production, Avocado Grower,
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MINIATURE ROSE PRODUCTION

RALPH S. MOORE

Sequoia Nursery Co.,
2519 East Noble Avenue
Visalia, California 93277

The propagation and sale of miniature rose plants has been
our business at Sequoia Nursery for many years. During these
years many changes have taken place, as has happened through-
out the nursery industry. First of all has been the phenomenal
increase in popularity of the miniature rose.

Beginning with miniatures in a small way, as a side line to
our general nursery some forty years ago, we changed to the
production of miniatures exclusively about 23 years ago. Since
then our production has increased to the point where we now
grow some 600,000 to 700,000 plants annually.
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All of this production is from cuttings. We grow around a
hundred different cultivars in all colors. In addition we produce
around 10,000 miniature tree roses. For the trees we use an
understock of our own, developed at the nursery. I will discuss
the tree rose production in detail later.

But before we get into the propagation of miniatures as such,
I wish to state that I am very much of the opinion that successful
and economic production first of all stems from the breeding.
Since all our production is by cuttings one of the first prerequi-
sites is that a cultivar must lend itself to easy and efficient
rooting. This is no happenstance so, from the beginning, my
breeding efforts have been directed to the development of new
and better cultivars of miniature roses into which I have bred
this desirable quality. In addition, any new cultivar should be at
least as good as other cultivars in the trade insofar as flower
quality, color, plant growth and habit are concerned.

There is also the need for certain special purpose cultivars,
for example: those suited to growing in warm climates or in cold
areas. There is need for kinds which by their very nature, singles
(5 petaled), ground cover, unusual, or novelty colors, climbers,
etc. may not attain any great sales, yet can add considerably to
the total production and sales.

Many of the European originations have in the past been, on
the average, more difficult and slower to root. This I am sure was
the result of either not giving this factor of easy rooting sufficient
concern or that suitable cultivars for breeding this quality were
not available to the European originators. Some of this lack is
now being overcome partly because some of my own cultivars
are now being used by overseas breeders.

Going back in time to my earlier years, I determined that
certain species and cultivars had the easy rooting qualities I
wanted. Among them the species, Rosa wichuraina (from which
the famous ramblers were developed], R. multiflora in several
forms and hybrids, certain of the older roses, especially some of
the polyantha roses, some of the cultivars called “Sub Zero” roses
developed by the late W.D. Brownell, and some of the “Kordes”
cultivars bred by Wilhelm Kordes of Germany.

From such roses, plus several of my own hybrids as the basis
for breeding, I have proceeded to make crosses in various combi-
nations with the miniatures to develop the many cultivars we
now grow. But without adequate planning it is easy to lose some
of this ability for easy rooting and so new crosses are carefully
planned to retain and to enhance ease of rooting.

Ease of rooting is an economic factor we cannot overlook,
whether we are growing pyracanthas, geraniums, or roses. A
quick rooting plant will usually take less time from sticking the
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cutting to sale of the finished plant. With the increasing cost of
heating, labor, etc., it only makes sense to get the plant on its way
as fast as possible.

Important also is the development of the most desirable
cultivar(s) as to shape and branching habit, one which shapes
itself saves in shearing or pinching. Also, a naturally bushy min-
iature rose plant will produce more cuttings than one which
tends to grow open and leggy.

If a mother (stock] plant of cultivar ‘X’ will produce 25
cuttings and another cultivar ‘Y’ will produce 50 cuttings in the
same space and time, we can no longer grow ‘X’, and if the new
cultivar 'Y’ will root quicker with a higher percentage of plants it
is easy to understand why I contend that one of the important
factors of successful propagation and growing is first of all in the
breeding.

And so we begin our propagation with the selection of culti-
vars to be grown. Of course, we all want to grow plants which
can be sold in the market place, hopefully at a profit.

The kinds to be propagated must have sales appeal. They
must have color and other qualities which the buyer wants. So
first of all we must grow a saleable plant.

Desirable qualities which we must always keep in mind
when making up any list to be grown are. ease of rooting,
availability of cutting material, resistance to disease problems,
general good looks of the plant, and cost of production. We can
sum up our list of desires in two words (1) Growability and (2]
Saleability. So we select the best cultivars to be grown. Now we
must get down to the actual “dirt gardener” approach, and that is
what I now want to share with you.

We have bred or developed our cultivars. Many of the better
cultivars on the market today are protected by plant patents and
it is unlawful to propagate them without permission (license])
from the patent owner. So we select the kinds to be grown from
our own patents or kinds for which we have license from others
to propagate, plus certain of the older kinds and/or newer ones
which for some reason were never patented.

We also must decide the colors or color balance we need to
grow and in what quantities. Propagation of certain cultivars may
be limited by quantity of cutting material available. But over a
season’s time this is often leveled out because we propagate all

year.

To make this paper more specific, I will now attempt to go
through a complete growing cycle. Cuttings are generally taken
from plants growing in one or two-gallon plastic containers. We
use these containers for several reasons:
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1) It is a good size for growing and handling.

2) Plants can be moved from place to place easily; for exam-
ple, we grow much of our cutting material in the plastic
houses. Plants grow faster, thus producing more cuttings in
a given time. But it is also desirable to: move plants outside
to rest and recuperate periodically. We can then use the
space to better advantage for other cultivars as needed to
produce the total desired quantities of cuttings.

3} As we add or discard cultivars it is much easier to do so if
they are grown in pots. =

Cuttings are generally made with two or three nodes, of
rather soft to semi-hard wood. Leaves are left on. During the
winter we often use hard or mature wood, mainly because we
have it. Rooting of the harder (more dormant] wood is much
slower. All cuttings are rooted outdoors in the warmer parts of
the year (April through September]. The leafy soft to semi-hard
cuttings will root in 3 to 4 weeks; often in warm summer weather
rooting will occur is as little as 2 weeks. On the contrary, during
the winter months (outdoors) it may require up to 8 or 10 weeks

As cuttings are made they are dropped into a plastic bucket
or pan and then dipped into a solution of Orthocide (1 tablespoon
per gallon of water). Cuttings are then taken to our growing
benches (tables) and stuck directly into the pots. Our growing/
rooting mix is made of 1 part fir bark, 1 part perlite, and 1 part
peat moss. Our bark is ¥ to 32" screen size

We found that a finer grind- bark, due to the high percentage
of very fine material plus the fine particles of peat moss resulted
in too much water retention and it gave us problems. The grow-
ing mix gives best results if it is on the slightly coarse side to
insure adequate drainage and aeration. To this mix of bark, peat,
and perlite are added trace elements and other materials to grow
a satisfactory plant. We also include abput seven pounds of
Osmocote per cubic yard. '

Pots are placed on our growing tables or in nursery flats and
filled with the growing mix above. Cuttings are stuck (one per
pot) not over 1” deep, preferably 34", with all leaves left on. Soft
tips or flower buds are removed. Cuttings must never be allowed
to dry, as soon as flats or a section of the bed is tilled, the mist or
sprinkler is turned on. These are allowed to run from early
morning to evening in hot summer weather with the time cut or
modified as needed depending on heat, length of day, wind, etc.

Part of our operation is under mist controlled by time clocks.
Most of the area is watered or misted by “L” head sprinklers
made by Perma Rain of Lindsay, Calif. These were designed for
use in citrus groves but we have found them very satisfactory in
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our operation. To get good coverage we place each sprinkler on a
pipe riser 12” high (some higher} down the centers of 6 foot wide
tables. Sprinklers are spaced about 7 feet apart (some of the
earlier installations were further apart but should water pressure
be low, or the day windy, coverage is not as good as desired). We
modify the plastic tip of each sprinkler by making three small
cuts across the inside of the tip to spread or “fog” the water
better. Mist heads are on 12" risers, spaced 30” apart with two
lines on each 6' table.

After rooting has occurred we top dress the beds or flats
with any one of several fertilizers. We may spread dry material
(Osmocote) or apply liquid fertilizer as desired. At any time after
rooting we may pick up plants and place them in a plastic house
where the young plants can be forced into more rapid growth.
This is one of the reasons for rooting cuttings all year long.

If we are short of a given kind but have well rooted cuttings
they can be moved inside for more rapid growth. We usually
feed with two or three applications of liquid fertilizer at half
recommended strength at 7 or 8 day intervals. Handled this way,
we can finish off young plants in 6 to 8 weeks in the spring,
having good plants available for late spring sales which other-
wise, if left outdoors, might not be saleable until fall.

To make or keep plants more bushy we shear as needed. If
carefully trimmed, the plant is improved and we can get a good
quantity of fine cutting material. This is especially useful in
propagating sufficient quantities of new cultivars. Sales of minia-
ture rose plants goes on over most of the year and so having
plants in varying stages of growth is really better use of facilities
as young plants of good quality can be made available as needed.

The time necessary from cutting to saleable plant will vary
considerably depending upon such factors as cultivar, size of pot,
time of year, whether grown (or finished]) in the greenhouse, etc.
We do not like to really “force” our plants but prefer a slower
sustained time of growing. Even the plants we may move into the
greenhouse to finish off in the spring are usually allowed to
harden off some before shipping. This is mainly the reason for
applying the two or three light applications of liquid fertilizer. It
allows the growth to respond quickly as needed and then to slow
down as the fertilizer is used up.

To sum up our miniature rose production:

1) To assure ease and rapidity of rooting we breed these
qualities into our new cultivars. This makes for rapid and
economic production,

2) We select what we feel are the best cultivars from our
own and other breeding.
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3) We discard or drop cultivars which have been supersed-
ed by newer or better kinds.

4) Types of cuttings: we make cuttings 2 to 3 nodes long (the
general rule) but may also, if material is available and
plants are needed quickly, use branched (2 to 3 stem)
cuttings. Cuts are made directly below a node.

5) Cuttings are never allowed to dry out; they are dipped in
a fungicide solution, drained, and stuck as soon as possi-

ble.
6) All cuttings are dipped in a Hormex rooting powder.
7) Cuttings are misted during the daytime until rooted.

8) Growing/rooting mix: 1 part peat: 1 part fir bark; 1 part
perlite.

9) Beds or flats of pots are top dressed with fertilizer as
needed.

10) Time from cutting to finished plant varies depending
upon pot size, time of year, weather, fertilizer, in or out
of greenhouse. Normal time {average) is 6 to 10 months.

11) Mother plants are grown in 1 or 2 gallon plastic pots.

MINIATURE TREE ROSE PRODUCTION

To grow our miniature tree roses we start with the under-
stock cultivar which, in our case, is ‘Pink Clouds.’ It originated
with us as a cross of ‘Oakington Ruby’' (miniature] X R. multi-
flora. It grows very much like R. multiflora but the long canes
are nearly thornless, dark green in color with excellent leathery
foliage. We have tried several other understocks but come back

to ‘Pink Clouds.’

Cuttings are made about 16 to 17 inches in length, averaging
about pencil size. Each cutting is de-eyed, leaving two leaves at
the top. We have found that ‘Pink Clouds’ roots better and
quicker if leaves are left on. Cuttings are then scored with a
Multi-Rooter tool {cuts four 1” vetical slits (wounds). This hastens
rooting and gives a better balanced root system.

Basal ends of the cuttings are then placed in water (1" deep]
until they can be planted. Each cutting is dipped in Hormex
powder and stuck into a growing mix in 3” square plastic pots.
Constant mist has given best results for rooting tree rose under-
stock. We use these pots as more fit into the rooting bed and,
when rooted, plants can be transferred to 5” pots to grow on. As
soon as good growth is underway these understocks are budded
to the desired cultivars of miniature roses

When the buds have “taken” most of the ‘Pink Clouds’ top is
cut back (later completely removed] to force the buds into
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growth. As each new shoot becomes 2 to 3” long it is pinched to
force out bushy lateral growth. This growth may be pinched
several times if desired to develop a bushy top (or head). When
the understock is well rooted in the pot and the top is of suffi-
cient size the young tree roses (standards) are ready to sell.

ROSE HYBRIDIZATION

WILLIAM A. WARRINER

Jackson and Perkins
6767 Irvine Blvd
Santa Ana, California 92705

Rose hybridizing does not really fit into the usual concept of
plant propagation; that is, making more plants of the same culti-
var than what you start with. This kind of propagation is an
important part of hybridization and will be touched on later, but
the first requirement is to make or propagate plants quite differ-
ent from what you start with.

Plant breeding is one of the really important aspects of
agriculture having been one of the sciences contributing to the
ever increasing production of food and fiber. There are many
Ph.D’s in universities and industry researching, teaching, and
producing new products, plus all their support people. The size
of individual crops is tremendous whether measured in acres,
dollars, yield or any way you want to measure.

Rose breeding and rose growing are tiny parts of the agricul-
tural industry, although one of the larger parts of the nursery
industry. Rose breeding, along with other ornamental breeding
departs, also, from a purely scientific nature to a mixture of
science and art or aesthetics.

For the most part, rose breeding is supported by private
business although a few universities and experiment stations in
North America are doing a little and trying to get funded to do
more. In Holland, there is government supported work on rose
breeding, supposedly to develop an understanding of the genetics
of hybrid roses, but Dutch breeders fear it will be government
competition. This effort is separate from the Aalsmeer proof-
station where new cultivars from all over are tested for perfor-
mance as producers of cut flowers.

Europe, with a population comparable to that of North
America, has, at least, 29 active commercial rose breeders, some
small, but three; Kordes, Tantau and Meilland may be the largest
in the world.
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In our country, there is only a handful of commercial breed-
ers, under ten, plus a number of active amateur breeders. An-
other interesting comparison is in the consumption of rose plants
and cut flowers. Great Britain, France and Germany each con-
sume about as many plants as the United States. People of the
European continent buy approximately ten times as many cut
roses as Americans. The Aalsmeer flower auction moved over
800 million cut roses in 1979.

Roses have been desired by people for their beauty and
scent for thousands of years. Travelers, whether they were trad-
ers or armies, often returned to their homelands with plants and
seeds collected on their journeys. Roses were thus distributed
throughout Europe and Asia and the art/science of rose breeding
began.

Gardeners must have shown an increasing curiosity over the
years when seeds of the various roses were planted and some did
not come true It is generally thought that some natural cross-
pollination had occurred giving rise to new hybrids.

Native European roses were large but flowered very little
after spring. Some species of roses from China were prolific all-
season bloomers but of less plant vigor and some not so winter-

hardy.

Books and chapters of books have been written on the an-
cient roses and their progression to modern roses. To say the
subject is confusing is a gross understatement. Records were not
kept in ancient times and, in fact, gardeners did not really know
where it came from when they saw a new rose. Up to a hundred
years ago and, in many instances, even now, records were not
kept even when crosses were known. Rose breeding got its start
with the growing of seedlings from seeds collected in the gar-
dens. There was no concern about what was crossed with what.

As examples of this, the parentages of two of the most
famous roses of the Hybrid Tea group are not known or have
ever been known. The cultivar, La France, given the distinction
of being the first Hybrid Tea rose, was selected from a bed of
seedlings growing from randomly picked hips at the nursery of
the Guillot family near Lyon, France.

Another famous cultivar, Ophelia, was, reportedly, a mix
delivered to Wm. Paul & Son Nursery in an order of the cultivar
Antoine Rivoire ‘Ophelia’ became the progenitor of a large num-
ber of cultivars through mutations, seedlings and mutations of

seedlings. Among its descendents are ‘Columbia’, ‘Talisman’, ‘Jo-
anna Hill’, ‘Briarcliff’ and ‘Better Times'.

Knowledge of the history of roses is interesting and helpful,
but only as background information. One would be hard pressed
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to conduct a rose hybridization program based on past history.
Modern roses show little resemblance to ancient or species roses.

What, then, is rose hybridization?

The mechanics of crossing are quite simple, much simpler
than some other species of ornamentals or food crops. Rose
flowers are complete, with both sexes in each flower. Anthers
are easily removed in preparation for hand pollination and to
save for application to other flowers. The stigmas are large, easily
examined without hand lenses and mostly are supported in
plants in easily accessible positions.

Most rose pollinations are done in some kind of greenhouse
although in mild climates reasonable success can be expected
outside. Established plants, a little on the hungry side, make the
most fecund and productive parents.

Two aspects of rose breeding are at the same time the most
interesting and the most challenging. Rose breeders may argue
the degree of difficulty or position of importance of these two.
The first is selection of parents; the second, naturally, the selec-
tion of seedlings. In my opinion, the first is more complex and
challenging. A third aspect of hybridization to be mentioned is
the propagation of selected seedlings. The fourth aspect, the
mechanics of pollination and seed handling, already touched on
will be completed under the section on seedling selection.

Most of the firms active in rose hybridization are working in
two or more areas of rose use, such as greenhouse, garden,
miniatures, or landscape cultivars. In each area, there are needs
for numerous classes and colors so that rose hybridization is a
larger field than one would think.

But each cross made must have a reason to be made; there
must be a definite objective. Once the objective is determined in
the mind of the hybridizer, the next step, the tough one, is
selection of parents.

For the most part, selecting parent cultivars is learned
through trial and error. Obviously, one would select parents of
his hoped for objective which showed characteristics approach-
ing the objective. Also, obviously, the breeder is trying to develop
a cultivar better or different than existing ones and must put
together parents whose different types will be complementary
and additive.

Many cultivars, excellent in themselves, are not particularly
good as parents while others, not very good in their own right,
are fine parents. Often an unnamed, undistributed cultivar will
be found to transmit certain traits to its progeny that make it
valuable as a parent. One such cultivar, named but not widely
distributed, is Konigen der Rosen. Its stiff stems and heavy, well-
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formed petals made one of its seedlings, Mercedes, one of the
best roses in recent times.

Essentially, cultivars are tried as parents because of what
they look like, but are retained as parents because of what their
seedlings look like One European breeder believes that a popu-
lation of seedlings from self pollinated flowers of a cultivar can

give a clue to the value of that parent.

Little things can be important, also. In breeding for cut
flower cultivars, thorniness is one consideration. It has been
found that thorniness of the rachis is inherited independently
from thorniness of stems. A thornless rachis is a valuable asset to
a cut flower cultivar as well as a thornless stem. It's just a little
thing, but to the person cutting roses, it can make a big differ-
ence.

The question is often asked “What do you look for in a new
rose?” The answer primarily in two parts is novelty and perfor-
mance, but this is too obvious. What is novelty and what is
performance? We usually think of novelty in regard to the tlow-
er; color, form, fragrance and performance as the way the plant
grows and manufactures the flower

There is so much difference between the requirements of
greenhouse cultivars and garden cultivars that it is almost like
two different crops. There is much latitude allowed in garden
cultivars as to color, size, plant habit, etc., but the cut flower
people are very demanding. The range of colors is small, and the
type of flower is restricted, flower production is very important
and thorns are bad news. Novelty is less important than perfor-
mance. We have found, as have others, that one cannot evaluate
garden roses in a greenhouse or greenhouse roses outside.

Major rose breeders will work with over 100 cultivars, usual-
ly closer to 200, to develop their program for any given year and
these will be changed from year to year as the hybridizer learns
more about them. Each hybridizer works a little differently, but
essentially a program of crosses is laid out for the pollinating
season (spring), the hips develop and are harvested in late sum-
mer

Seed treatment has been studied and studied over many
years with little or no improvement. Some say stratification is
essential, some say not. I have never been able to prove that it is
or is not. In practice, we begin to collect hips in August and
begin removing seeds in September. The seeds are placed in
moist peat in plastic bags and stored in a refrigerator at approxi-
mately 4.5°C {40°F) until all are collected. Sowing begins when
all seeds are ready, usually late October. It works out that some
have been stratified six weeks and some maybe only a few days.
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Leaching seeds in plain water for four or five days also seems to
hasten germination.

Years ago, seeds were sown close together in flats, trans-
planted into pots when very small and shifted up to larger pots
or, in California, lined out in the field. Evaluations were made as
the plants grew larger or in the field, usually beginning in the
spring after lining out.

Most breeders, today, plant seeds in benches in greenhouses
spaced about one inch apart in rows five or six inches apart.
They are never transplanted. As they bloom, the very bad ones
are rogued out and the good ones are budded onto rootstocks in
the field From a crop of 200,000 seeds, a hybridizer can expect a
little over 100,000 seedlings and from this about 1,000 selections
are made, each being budded to 10 or so stocks.

In the process of evaluation over a period of years, the best
are increased and most of the original selections discarded. From
pollination to sale is usually eight to ten years for garden culti-
vars and maybe a little less for cut flower cultivars.

Greenhouse cultivars can be propagated more rapidly by
grafting and re-grafting in the greenhouse. There is much interest
now and some work being done to propagate using tissue culture
methods. The rate of increase is fairly fast and some differences
in final plant habit have been observed. So far, the biggest
difference is that plants seem to branch more profusely from the
base.

New cultivars and certainly progress in improving roses
come primarily from controlled pollination of carefully selected
parents. Mutations (sports) have been very important throughout
the years as sources ol good, even outstanding new cultivars.
Here are a few famous cultivars originating as mutations.

‘New Dawn’ — A hardy climber. This variety has the dis-
tinction of holding United States Plant Patent #1.

‘Better Times' — Millions of these near red roses were
grown in greenhouses during the ’30’s, '40’s and '50’s. It was a
good producer but has been surpassed by red cultivars of much
finer color.

The source of ‘Better Times' was a popular pink cultivar
named ‘Briarcliff’ which, itself, was a sport of ‘Columbia’.

“Texas Centennial’ — a sport of ‘President Hoover’, was very
popular as a garden rose.

A pink shrub rose called ‘The Fairy’, discovered in 1932 was
a sport of a white rose named ‘Lady Godiva’, itself a mutation.
“The Fairy’ is now seeing a new popularity in Europe where far
more roses are used in landscaping than in the United States.
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A recent hybrid greenhouse orange cultivar from Kordes,
named ‘Mercedes’, has proved to be one that mutates easily. It
has given off several red sports, two of which, ‘Gabriella’ and
‘laguar’ are widely grown and a lighter version, ‘Romeo’, is fast
becoming popular, and quite a few others.

HUNTINGTON BOTANICAL GARDENS — A SAMPLER
AUDREY TEASDALE

The Huntington
Library @ Art Gallery ® Botanical Gardens
San Marino, California

The Huntington is known for many things: the paintings of
Blue Boy and Pinkie, the Gutenberg Bible, and a renowned
Library of American and English literature used by scholars from
around the world.

As plant people, are we aware of the plants the Huntington
Botanical Garden has introduced to the U.S. and of the annual
plant sale which attempts to make these introductions and other
rarities available to the public? The remnants of the first com-
mercial avocado orchard is still in existence at the Huntington.
The Huntington is one of the West Coast quarantine center for
imported bamboo. Within its 13 different gardens are collections
of many genera of plants including the largest world-wide collec-
tion ot mature cactus and succulent specimens grown outdoors.

[n 1901 Henry E. Huntington, the founder, purchased what
was then the San Marino Ranch. Huntington had by this time
created and developed the clean and convenient electric street-
car system throughout Los Angeles. Huntington’s goal pertaining
to the garden was to determine “which of the world’'s plants
would thrive in southern California.” This brought plants from all
over the world so that today we can enjoy mature selections of
choice plants. Fortunately, Mr. Huntington set up a trust so the
Library, Art Gallery, and Botanical Gardens are privately en-
dowed and there is no admission charge to the public.

Let's take a visual tour through a few of the Gardens and
talk about some of the interesting plants along the way.

The North Vista is our formal Italian Garden with a view of
the San Gabriel Mountains as a background. This area contains
collections of various camellia species. In between the 17th cen-
tury statuary are azaleas and many choice trees. Our oldest
Camellia japonica, ‘Pink Perfection’, was here when Mr. Hun-
tington purchased the property almost 80 years ago.
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As we enter the Shakespeare Garden we notice the masses
of color of seasonal annuals. The Garden is a modern design
including plants that were widely grown during Shakespeare’s
time (1564-1616). The small trees are Citrus aurantium ‘Chinotto’.
Beneath the ‘Chinotto’ is a small knot garden which is an elabo-
rate pattern of clipped herbs which give the effect of being
intertwined — Lavandula, Santolina, Teucrium.

Leaving this area, we come upon our Magnolia delavayi —
the largest leaved evergreen magnolia Native to China, it was
discovered by the French missionary, Delavay Our specimen is
32 years old. In early spring it's covered with large buds which
open into 7” creamy white fragrant flowers.

We are now in the Rose Garden. The Rose History walk
follows the perimeter from the oldest rose to the modern hybrid
teas in the Central Rose Garden.

A detour into our Pavilion area lets us gaze upon Prunus
serrulata ‘Pink Cloud’. Each spring this vigorous selection pro-
duces a mass of large showy pink flowers

As we continue our walk, we spot a plant growing on the
arbor above. The plant resembles wisteria, but has very glossy
leaves, is flowering in September, and instead of long, drooping
panicles of purple flowers it displays small, sweetly scented dark
maroon flowers. This is Millettia reticulata from China — our
evergreen wisteria which, botanically speaking, is in the same
family as wisteria (L.Leguminosae) but is generically distinct.

Now we enter the Japanese Garden (which, more properly,
should be called an Oriental Garden); it was designed in 1912
The gong is from Japan and the structure is built in the tradition-
al Japanese style without nails — only wooden pegs. The ram is
not made of Chamaecyparis obtusa, Hinoki cypress, as in ]Japan,
but is an agave flower stalk from our Desert Garden

The Chinese Moon Bridge is probably one of our most pho-
tographed structures and most people when seeing a picture of it
recognize it to be at the Huntington.

As we continue past the pond and up the slope we encoun-
ter a typical house built in the 1800’s of a wealthy countryside
Japanese family. This house, the bridges, and some lanterns were
acquired in 1912 from a commercial tea garden in Pasadena.
During visiting hours, both the amado (rain doors) and the shoji
(inner doors covered in rice paper} are opened displaying the
inside of the house.

Also in the Japanese Garden is the Zen Garden. This is a dry
garden of individual interpretation. Originating from the Bud-
dhist religion, it is a spot for peaceful and thoughtful contempla-
tion.
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Our Australian Garden contains ten acres of plants from
Australia and New Zealand. We have approximately 100 species
of eucalyptus — both trees and mallees. Eucalyptus macrocarpa
is unique in producing its flowers singly and has one of the
largest fruit of any eucalyptus.

The Subtropical Hill is one of my favorites. It is located on a
southern slope and is the warmest spot in the garden, giving us
the potential to grow plants that may be borderline tender here.
Not only have we plants from all over the world, but even some
recently introduced to Southern California, such as the Citrus
limon ‘Sun Gold’ which is not even out in the trade but has
much promise. The tree is variegated with over 20 shades of
yvellow and green with the flesh of the fruit showing variegation
also. Plants from the Mediterranean can also be found here, such
as a 70 year old Pinus pinea, Italian Stone Pine, which silhouettes
the sky with its huge umbrella crown. As we continue on these
winding trails, we find the Mexican creeper, Antigonon lepto-
phus — a climber up to 40 feet — that was collected in Mexico
during a Huntington expedition. Making a mass of color from
June to November is a good ground cover one foot in height —
the Zinna maritima or Acapulco Daisy It was introduced to this
country from Mexico by the Huntington. Our annual Plant Sale
provides funds for annual expeditions that make these introduc-
tions possible

Leaving the Subtropical Hill, we can’t miss the Ombu tree —
approximately 60 years old, Phytolacca dioica, from South Amer-
ica. This plant, with its swollen trunk, is referred to as “The
Ships on the Pampas” in South America. In the hot, flat grass-
lands the trees look like huge ships floating upon the sea of grass.

The Lily Ponds were built in 1904. To have the tropical
water lilies and giant Victoria amazonica {Syn.. V. regia) in
flower till mid-January, over 1,000 feet of 2” galvanized pipe was
installed along the walls of the pond and was connected to a hot
water boiler. It actually worked!

Podocarpus reichei is another introduction into this country
by a Huntington expedition to Mexico. It has a graceful habit
with leaves much longer than P. macrophyllus and, in our gar-
den, has taken temperatures to —4.5°C (24°F).

Our Jungle and Cascade was completed in 1980 and contains
plants that typify a jungle — many of them epiphytes such as our
introduction, Platycerium ridleyi, Staghorn Fern, received in
1973 as spores from Malaysia. However, this plant may prove to
be too tender for our garden. Another introduction in this area is
a plant now found widely in the trade — Schefflera arboricolq,
which was introduced by the Huntington from seed received in
1965 from Taiwan. Dombeya cacuminum is a dense columnar
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tree, growing 30’ tall in 12 years. Its flowers are a vibrant red and
it has the attributes of flowering later than most Dombeya and its

flowers do not hang on the tree as do those of D. X cayeuxii or
D. wallichii.

Our Palm Garden is 4 acres. The Jubaea chilensis, Chilean
wine palm was apparently being cut down rapidly in Chile.
Within these massive trunks is a sap yielding up to 90 gallons of
commercial palm honey which can be fermented to make a wine.
Fortunately this practice has stopped.

The Desert Garden at the Huntington brings thousands of
people annually to visit. This Garden and the Japanese Garden
are undoubtedly the public's two favorites. This is the largest
collection in the world of mature cacti and succulent specimens
grown outdoors. During the winter months the Garden is a mass
of red from the flowering South African aloes. The Mammillaria
Bed was established in 1930 and is made up of Arizona volcanic
rock, it is approximately 1/5 mile long. The Golden Barrel Cac-
tus, Echinocactus grusonii, is well represented with large and
mature specimens in the Garden.

Along the main road are sun and winter hardy succulents
tested for their use as groundcovers. New future projects in this
Garden include a Baja California bed and a glasshouse for plants
unable to be grown out of doors.

I'd like to welcome all of you to visit the Huntington Botani-
cal Gardens in San Marino, California. We are closed the entire
month of October, but are open 1:00 to 4:30 Tuesday through
Sunday the rest of the year.

AVOCADO NURSERY PRODUCTION
DIETER W LODDER

La Verne Nursery
La Verne, California 91750

The propagation of avocado trees has been discussed before
this group a number of times. I presented the details of avocado
production, as practiced at La Verne Nursery, at the Western
Region Meeting in San Diego in 1974 {2), and a very detailed
account on the same subject was given by W.H. Brokaw in 1977

(1).
[ should point out that the avocado trees which have been
planted in California during the last 20 or 30 years were pro-

duced by specialized growers who produced several hundred
thousand trees annually, while only a relatively small amount of
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tree, growing 30’ tall in 12 years. Its flowers are a vibrant red and
it has the attributes of flowering later than most Dombeya and its

flowers do not hang on the tree as do those of D. X cayeuxii or
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Our Palm Garden is 4 acres. The Jubaea chilensis, Chilean
wine palm was apparently being cut down rapidly in Chile.
Within these massive trunks is a sap yielding up to 90 gallons of
commercial palm honey which can be fermented to make a wine.
Fortunately this practice has stopped.

The Desert Garden at the Huntington brings thousands of
people annually to visit. This Garden and the Japanese Garden
are undoubtedly the public's two favorites. This is the largest
collection in the world of mature cacti and succulent specimens
grown outdoors. During the winter months the Garden is a mass
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tus, Echinocactus grusonii, is well represented with large and
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unable to be grown out of doors.
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avocado trees were used for the home garden. At La Verne
Nursery, we have been propagating avocado trees since 1972,
primarily for the retail trade.

During the last few years avocado tree producers in Califor-
nia had to reduce their volume due to a decline in demand for
avocado trees. The reason for this is that most of the available
agricultural areas in the relatively Irost free coastal zones ot
Southern California have been planted to subtropical fruit or-
chards of many kinds including avocados. In addition, more and
more prime grove land was converted into residential housing
tracts.

Yet, there are still areas where avocado groves are being
planted but their Ing term future is in jeopardy because of fast
rising land and water prices, restrictions on the use of water, and
the ever-present threat of infection of a grove with the root rot
fungus, Phytophthora cinnamomi. Phytophthora cinnamomi will
affect many species of plants, however, it is most devastating to
the avocado industry in that it destroys year after year from 10%
to 15% of all avocado groves in California.

Deep fumigation of the soil with heavy doses of methyl
bromide or Vapam have, at best, provided marginal results. Sur-
face applications of Terrazole only result in slowing the spread ot
the fungus. A new fungicide, Ridomil, produced by Ciba-Geigy
looks very promising and good results are being achieved with its
application in foreign countries, where it is registered for use in
bearing avocado orchards. According to a recent report by a San
Diego County farm advisor, Ridomil is being applied to Phy-
tophthora-infested groves in South Africa at the rate of 22 grams
per square meter with a 5% material three times per year. The
results there are fascinating in that trees which were at a point of
75% decline, were brought back to normal health and productiv-
ity with the use of this chemical. Fortunately, in the United
States, Ridomil is being tested and registration for use on non-
bearing trees will be available in the near future.

A chemical named Aliette is currently under laboratory test-
ing at the University of California at Riverside. It is hoped that
this material, when applied to the foliage, will render the trees
resistant to pathogens.

In the area of research for root rot resistant understock
cultivars much work has been done which resulted in the devel-
opment of at least two, which have been named ‘Duke #47' and
'‘G-6". Their level of resistance to root rot is classified upward ot
80% when planted into root rot infested soil. Orchard trees
grafted on these resistant understocks are becoming more readily
available as propagation techniques for these vegetatively grown
understock cultivars have now been developed. Trees grown on
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the root rot resistant clonal understock are growing well, and
they are expected to be as vigorous and productive in the or-
chard as trees grafted on seedlings

Most avocado trees planted in the United States and other
suitable locations throughout the world are grafted or budded on
seedling-grown understock. In California, the most popular culti-
vars are ‘Topa-Topa’ and ‘Lula’. Both produce a fairly large seed
which generally stays in good condition during the early life of
the plant in the nursery, providing it with nutrients in addition to
chemical fertilizers provided by the grower. Another important
factor is their compatibility with scions of all commercial orchard
cultivars.

Since the development of a rather efficient method of propa-
gating avocado trees in the greenhouse, most growers have aban-
doned more conventional methods. Following is a brief descrip-
tion of this method which is being used at La Verne Nursery:

Here in southern California, seeds of the avocado cultivar,
‘Topa-Topa’ are available in October and November while ‘Lula’
seeds are brought in from Florida at about the same time. The
seeds are cleaned and placed into a coarse-meshed container
which allows water to flow freely among the seeds (onion sacks
are quite useful] Seeds are submerged in water at a temperature
of 49°C (120°F) for 30 minutes, followed by cooling oif in cold
water. From the cold water the seeds are transfered to a fungici-
dal dip or to a mild solution of sodium hypochloride. The hot
water treatment is to remove Phytophthora cinnamomi spores
which may adhere to the seeds, and the fungicidal dip is neces-
sary as a safeguard against hardier fungus diseases, such as
Rhizoctonia, which require 145°F or higher temperatures for
elimination, a temperature not tolerated by avocado seeds. Seed
coats which adhere firmly to the seeds are removed at this time
by cutting a slice about %" thick from the seed at the bottom and
the top. This allows for unobstructed root and top growth. The
seeds are then planted into prefilled seedling bags, 5.3X5.3X23
cm (212"X212"X9") in size, solidly placed on sterilized green-
house benches. The growing medium is a blend of peat moss and
perlite which is also used as top dressing for the seeds.

Less than two months after the seeds are planted the young
seedlings are ready for grafting. A short cleft graft is used. The
grafts are covered with a single sheet of newspaper until leaf
petioles begin to fall off and buds on the scion begin to swell. As
soon as new growth and foliage develops the gratts are moved
out of doors into full sunlight and are planted about three weeks
later into 5 gallon containers filled with sterilized soil. The
ground below the containers is disinfected between crops with
Mylone, and immediately before planting a thin layer of Copper
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Bordeaux (12%2% copper) is applied to the surface. In addition,
roadways into avocado growing areas are treated heavily with
Bordeaux and the use of step-thru containers containing Bor-
deaux for use by foot traffic is strictly enforced.

As mentioned earlier, most of our trees are grown for the
retail trade and eventually homeowner’s use. In contrast to the
flexible poly sleeves used as containers by growers who pro-
duced trees for orchards, our trees are in metal containers in
which they can be easily maintained by the retail nursery. Our
containers are designed especially for avocado and citrus trees.
They are 35.5 cm (14 in) high and 20.3 cm (2 in) in diameter with
a number of holes in the bottom plate, which allows for water
exchange with the soil below.

Under proper growing conditions a 5 gallon avocado tree
should be saleable 10 months after the seed is planted. While an
avocado tree grown for orchard use is acceptable for planting at
a size of two feet above the graft, the retail trade desires a tree
about 3 to 4 feet in height, well branched, healthy and mature in
appearance, with a stake that will support it until the tree is
established in its permanent site.

LITERATURE CITED

1 Brokaw, W H 1977 Subtropical fruit tree production avocado as a case study
Proc Inter Plant Prop Soc 27 113-121

2 Lodder, DW 1974 Grafting as a business. Proc Inter Plant Prop Soc. 24:36-
39

MODERATOR KATHY VAN VEEN: Do we have some
questions now for our speakers?

VOICE: Dieter, you mentioned that you put newspaper over
avocado grafts just after you are finished grafting; that is a new
thing to me. You just lay it right on top of the graft, physically in
contact?

DIETER LODDER: This is true. The idea is to take the paper
off just as soon as the leave and petioles fall off the scionwood
and then, as I said, the new growth grows right into full sunlight,
requiring little or no hardening off under shade once the plant is
moved outdoors

VOICE: It is in a greenhouse that you are doing this?

DIETER LODDER: Yes

VOICE: What is the sunlight in the greenhouse? What is the
intensity?

DIETER LODDER: I haven’t measured it. I should be able to

tell you what it is. The grafting is done during the winter months.
Often we have overcast weather — we have rain. Then we have
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bright sunlight Usually with the initial cover up of newspaper,
which is removed, the plants go right into practically full sunlight
in the greenhouse It requires a lot of cooling sometimes but we
open up the greenhouse doors and that helps.

AUDREY TEASDALE: I would like to address a question to
William Brokaw. What are the kiwi cultivars that you grow in
southern California and which are easier to propagate by cut-
tings?

WILLIAM BROKAW: I don’t know which are easier to root;
they are all hard for us to root. 1 think that ‘Hayward’ may be
easier than ‘Chico Hayward’. I might make two suggestions with
cultivars in southern California. One of them is if you are choos-
ing between ‘Chico Hayward’ and ‘Hayward’, that you choose
‘Hayward’. The second is that if you don’t have enough chilling
for ‘Hayward’, there are a couple of other cultivars which you
might use. One is ‘Bruno’, which is from Australia. The fruit has
an unfortunate shape, however, and some people do not like the
flavor as much. It looks like a fat sausage; it is long and narrow.
Another cultivar is one that was discovered as a seedling by Fred
Vincent from Yorba Linda, California. This is a warm winter
region and an area which had gone out with avocado root rot.
This cultivar is called ‘Vincent’; it fruits very well for him al-
though the fruit is somewhat smaller than ‘Hayward’. In our
nursery at Saticoy, California, as well, it has fruited very well
whereas all of our ‘Haywards' or ‘Chico Haywards’ that have
fruited have been from chilled budwood from the California
Central Valley which has relatively cold winters.

SOLAR EFFICIENT GREENHOUSES

WILLIAM L. NELSON

Pacific Tree Farms
4301 Lynnwood Drive

Chula Vista, California 92010

With the current interest in energy conservation, the eftfi-
ciency of greenhouses has come under close scrutiny. The use of
double walls, ground insulation, tight doors and vents is now
common practice. Several new ideas are being put to use and it
seems certain that energy costs can be reduced even more. I'd
like to review four areas that show great promise:

Placement and Design. A complete turnabout in thinking has
occurred in the orientation and construction of greenhouses. It
has been found that for maximum solar energy entry, the single-
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span building should be positioned in an east-west direction. The
north wall should be opaque, well-insulated and at an angle of
about 60°. The south wall or roof performs best if built at an
angle of 35° to 45° (1).

Heat Delivery. Space heating may soon be replaced by
bench or floor heating. Don Dillon’s Four Winds Nursery in
Fremont, California, is one of many that have had success with
the use of hot water circulated inside the bench. Whitcomb
reports improved plant growth and fewer disease problems with
this system, and the energy savings are substantial (4).

Heat Storage. Great strides are being made in the storage,
for later use, of the heat that penetrates a greenhouse. When this
is done effectively, added heating is unnecessary. If the storage
medium is thought of as a sponge that pulls in and holds excess
heat, it is easy to understand how this approach will also reduce
the need for cooling and shading.

Air is not the best substance for heat storage. When we
realize that the air inside a well-insulated and weather-stripped
house is completely changed in just two hours, the limitations of
air for this purpose become obvious. Soil, stone, and concrete are
nearly equal in heat-storing capacity. Water retains heat five
times better than these materials and has, therefore, been the
first choice.

Salt hexahydrate is now coming into use and has exciting
possibilities. This material changes from a solid to a liquid form
at 27°C (81°F) and stores eight times more heat than water.

This surplus heat can be stored anywhere that does not
block the solar radiation — even outside the greenhouse. I be-
lieve that the best location is directly under the benches. The
natural rising of released heat passes it through the planting
media in an ideal manner.

Plant Environment. A revolutionary method of propagation
with the use of “ventilated high humidity” has been described by
Milbocker (2,3). It sounded very promising and, because it made
such good sense, I purchased the necessary equipment from the
Agritech Company. In use since June, 1980, (3 months), the re-
sults have been noteworthy. Previously I used mist and had a
constant battle with over-watering, drying-out and fungus prob-
lems. I am now able to take much larger cutting material and
have been more successful with difficult-to-root plants. This sys-
tem also meshes well with solar energy storage. The temperature
of the planting medium remains slightly higher than the sur-
rounding air and the circulating fan distributes the warmer air
evenly, to assist in heat storage during daylight hours. Relative
humidity of 90% to 95% is maintained at all times allowing
plants to tolerate a higher temperature level. This, in turn, facili-
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tates the storage of more radiant energy and reduces the need for
cooling and shading.

As we learn fo apply these improvements in greenhouse
technology, energy conservation will be automatic. It seems that
we can also expect fewer disease problems and a healthier plant
as an end product.

LITERATURE CITED
1 McCullagh, james C 1978 The Solar Greenhouse Book, Rodale Press, Inc

2 Milbocker, Daniel C 1977 Propagation in a humid chamber Proc Inter Plant
Prop Soc 28 455-561

3 High humidity propagation promotes healthy, vigorous plant
growth American Nurseryman May 1 15

4 Whitcomb, Carl E 1977 Self-contained solar greenhouse Oklahoma State
University, Stillwater, Oklahoma

RADIANT HEATING FOR PROPAGATION
AND ENERGY CONSERVATION

CHARLES M. HOAGLAND

Infrared Systems
Mount Vernon, Washington 98273

I want to introduce a concept of heating that is new to the
greenhouse industry, but is as old as the sun. The system is a gas
fired, low intensity, infrared radiant system Infrared is proving
to be an ideal method of heating greenhouse crops from propaga-
tion to finish while saving substantially on fuel consumption. The
name of the system is CO-RAY-VAC and it is manufactured by
Roberts-Gordon Appliance Corporation.

Infrared energy is as old as the sun and its principles have
been applied for many years in heating. The cave man used it
when he heated the rocks around his campfire. The sun itself is
the source of infrared energy which heats the earth’s surface.
Infrared radiation is energy in the form of electromagnetic waves
and has some similar properties to visible light waves. Light,
radio waves, x-rays are all electromagnetic waves with different
wave lengths and physical properties. Infrared energy travels in
a straight line until it strikes and is absorbed by the object to be
heated. The energy is then converted into heat that warms that
object. In other words, heat is transmitted from one object to
another without heating the air between the objects. The radiant
heat does not directly warm the air, but the object receiving the
radiation is warmed and acts as a heat exchanger to warm the
air. The objects warmed by radiation then warm the air due to
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the principles of conduction and convection. During the heating
cycle the air within the greenhouse will be warmed to almost the
level of the soil and plant temperature. The air temperature will
not exceed the temperature of the objects in the greenhouse
heated by infrared radiation.

Conventional heating systems encounter a very difficult
problem in that they are basically air heaters. That is, they heat
the air and deliver heated air to a desired area. There are three
physical principles working against each other in such a system:

1. Warm air rises.

2. In the presence of rapidly moving air, plants and people
are cooled.

3. Air movement inside the greenhouse contributes to heat
loss to the outside covering.

These factors are in conflict with each other when economics are
considered. In order to move the lighter weight heated air down
to the level occupied by the plants, we must force the hot air
down with fans or turbulators consuming considerable electrical
energy. The result is that by moving air we are cooling the plants
in order to warm them. The same thing occurs with people.
Human comfort at 19.5°C (67°F) is matched with about 15.5°C
(60°F) using low intensity radiant heat. When using infrared as a
means of heat transfer, we are able to eliminate this basic prob-
lem. Infrared energy travels independently of air. Since moving
air is not required in delivering infrared heat, we are able to heat
the plants by directing the infrared rays to the area we want. By
using draftless heating we have developed a new and economical
means of heating greenhouses. Savings have exceeded 60% heat-
ing with CO-RAY-VAC when compared with systems heating the
air.

Hot water or steam pipes placed under benches are hotter
than the air, and convection currents around the hot pipes move
heated air up to the top of the greenhouse through the benches to
be lost through the roof. Placing the pipes in the soil on the
bench and insulating below may improve efficiency but still
would not match the advantages in savings generated by the
radiant CO-RAY-VAC system. Savings have exceed 50% heating
with CO-RAY-VAC when compared with steam systems.

Four years ago, I was maintenance supervisor for Skagit
Gardens, a wholesome greenhouse located in Washington State.
Primarily they produce bedding plants, poinsettias, and flowering
perennials. I worked three years there and during that time fuel
costs dictated that we consider some means of fuel conservation.
Double poly was not acceptable due to the low light already
available during winter months. Washington is not known for lots
of sunny days — some winter months we don’t even see the sun.
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Also, experience with unit heaters in dealing with cold and hot
spots, frequency of repair, and cleaning and annual replacement
of poly tubes, led to considering alternate ways of heating. The
local gas company recommended we look into radiant heat. After
studying the infrared system of heating it seemed to be a sound
concept and the application in the greenhouse appeared to be
practical. After nearly five years of use and comparisons with
other heating systems, it is well received and endorsed as a new
concept in greenhouse heating and fuel economy. Our test data
was printed in the September, 1978 issue of the “Ohio Florists’
Bulletin”. CO-RAY-VAC saved us over 60%.

The infrared system is hung as high as possible in the green-
house out of the way of plants and equipment. The gas is fired
inside a four inch pipe and the heat warms the pipe to between
500°F and 900°F. The radiant pipe is covered with a lightweight
polished aluminum reflector which directs the infrared rays to-
wards the plants and floor of the greenhouse. The heaters are
fired in series with one about every 20 to 40 feet depending on
burner size and requirements. A vacuum pump pulls the gases
down the tube and exhausts them outside the greenhouse. The
pipe section twenty to thirty feet past the last burner is referred
to as the tailpipe. It is at the cooling end of the heating system
where the last of the heat from combustion is released. To meet
the heating requirement for Northwest Washington in houses
21'X158’, four 60,000 BTU units were used, providing a total of
240,000 BTU'’s per house. These proved to be more effective than
the houses equipped with two 200,000 BTU unit heaters directed
into fan jets with convection tubes at each end of the house for a
total of 400,000 BTU's.

Some of the important advantages of infrared as applied to
greenhouse heating are as follows:

1. The compact linear design of the system readily adapts
itself to greenhouse application. It is lightweight, about 314
pounds per linear foot, and casts only a narrow shadow
the length of the house.

2 Clean, safe, and comfortable growing and working condi-
tions are provided. Several built-in fail-safe features re-
duce the danger of leaking gas or fumes into the green-
house and the chances of fire or explosion. Personnel feel
very comfortable working under infrared heating.

3. High efficiency in converting fuel to radiant energy pro-
vide substantial savings in fuel costs. The infrared waves
are directed downward so the heat radiates to the lowest
point in the greenhouse which is either the plant, the
walks, or the benches.

4. Infrared radiant energy is converted to heat when it strikes
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an object and is absorbed by the object to be heated. The
exhaust gases leave the system at 100° to 125°F, indicating
that nearly all the heat has been taken out. Because ob-
jects are heated (not air), it is unnecessary to move air to
deliver the heat. By eliminating the problem of heated air
rising to the peak of the greenhouse, the heat difference
between the inside and the outside is much less, which
greatly reduces heat loss to the outside.

5. Incremental units allow for zone control of heating. Sys-
tems can be designed so that various areas can be heated
independently of other areas.

6. Uniform heat distribution allows for more uniformity and
quality control of the products. The reflectors direct the
heat in a rectangular pattern corresponding to the shape of
the greenhouse. Cold ends and sides are no longer a prob-
lem as a well designed system gives uniform heat distribu-
tion.

7. The CO-RAY-VAC infrared system is not affected by neg-
ative pressure in the greenhouse. Exhaust fans, drafts or
high winds will not reduce the heating effectiveness be-
cause the system operates at a negative pressure greater
than experienced from outside forces.

8. The infrared rays can be directed at the objects to be
heated. Only the plants, benches and walks receive the
energy from the infrared rays. The soil and walks serve as
a heat sink that slowly release heat between heating cy-
cles. The plant tissue is warmed even though the air is not
heated directly. The warm soil, walks and plant tissue act
as heat exchangers and warm the adjacent air, but produc-
tive growing conditions are achieved at air temperatures
about 7°F lower than that required by a hot air system.

To understand the principle of infrared heating one must
realize that this is a totally different concept than conventional
hot air systems. The basic difference is that objects are heated
directly with the radiant energy. The heated objects then warm
the air touching them. (With heated air systems, the warmed air
heats the objects.] With infrared the objects are warmer, the air
cooler, thus reducing condensation or high humidity on or near
the plant. This condition is desirable to aid in control of plant
diseases. To move air with circulating fans in an infrared system
would defeat the major advantage of the system. Because of the
900°F heat generated by the burner it is necessary to use care in
placing plants near the reflector or hanging the system directly
above flammable objects. Some injury to temperature-sensitive
plants has been experienced where hanging plants were less
than five feet from the heat source. Many heat tolerant plants
have shown no injury when growing within three or four feet
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from the radiant pipes.

In order to establish an accurate record of the amount of
fuel burned, a separate meter was installed to measure the
amount of gas burned by the infrared system. After one full year
the data provided by the local gas company showed an average
of 62% reduction in fuel consumption for the CO-RAY-VAC
infrared system compared to unit heaters and convection tubes.
At this writing, the savings has consistently been in the area of
60% after over four years of use. Additional systems have been
installed to now heat 70,000 square feet of glass greenhouse
space. A new area of 60,000 square feet of glass to be heated
with CO-RAY-VAC is currently under construction

In addition to reduced gas consumption, it was discovered
that the electrical energy required to operate the heating system
was only 10% of that required to operate unit heaters and con-
vection tube fans.

In our installation the energy savings were enough to pay the
entire cost of the equipment and installation in two years. The
cost of energy now has increased to the point where in 1980 the
savings will be equal to the original cost and each succeeding
year the amount of dollars saved will be greater. We estimate
that over a ten year period, with expected energy cost increases,
we will save an amount in excess of ten times the original cost.

Infrared radiant heating has now been used successfully on
a wide variety of greenhouse crops. Plants grown on the floor,
raised benches, hanging baskets, or even densely populated com-
binations of the above have all responded favorably to this even,
gentle means of heating. At this time, no crops have shown
adverse effects in a properly installed infrared system. One
should be careful to follow factory recommendations to insure
the best results. Comparing the trade-offs one must accept with
other means of energy conservation now on the market, infrared
offers so many advantages that it promises to be the heating
system of the future.

X-RAY DETERMINATION OF
HORTICULTURAL SEED QUALITY

C. JAY ALLISON

Weyerhaeuser Company
Dana Point, California 92629

Abstract: X-radiography is a quick and inexpensive means of assessing
soundness of the internal structure of seeds. an indirect indication of seed viabil-
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installed to now heat 70,000 square feet of glass greenhouse
space. A new area of 60,000 square feet of glass to be heated
with CO-RAY-VAC is currently under construction

In addition to reduced gas consumption, it was discovered
that the electrical energy required to operate the heating system
was only 10% of that required to operate unit heaters and con-
vection tube fans.

In our installation the energy savings were enough to pay the
entire cost of the equipment and installation in two years. The
cost of energy now has increased to the point where in 1980 the
savings will be equal to the original cost and each succeeding
year the amount of dollars saved will be greater. We estimate
that over a ten year period, with expected energy cost increases,
we will save an amount in excess of ten times the original cost.

Infrared radiant heating has now been used successfully on
a wide variety of greenhouse crops. Plants grown on the floor,
raised benches, hanging baskets, or even densely populated com-
binations of the above have all responded favorably to this even,
gentle means of heating. At this time, no crops have shown
adverse effects in a properly installed infrared system. One
should be careful to follow factory recommendations to insure
the best results. Comparing the trade-offs one must accept with
other means of energy conservation now on the market, infrared
offers so many advantages that it promises to be the heating
system of the future.

X-RAY DETERMINATION OF
HORTICULTURAL SEED QUALITY

C. JAY ALLISON

Weyerhaeuser Company
Dana Point, California 92629

Abstract: X-radiography is a quick and inexpensive means of assessing
soundness of the internal structure of seeds. an indirect indication of seed viabil-
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ity Testing of seed quality before sowing can ameliorate problems of low yield or
overcrowding in the propagation of perennial ornamental plants

INTRODUCTION

Vegetative propagation techniques are the most widely used
for production of perennial ornamental plants. They are the
preferred and sometimes necessary routes to reliably preserve
the desirable genetic characteristics of the mother plant Of var-
ious vegetative techniques, rooting of cuttings is most popular for
woody cultivars. One advantage of sticking cuttings into rooting
flats is that the number and distribution of plants can be accu-
rately controlled. Overcrowding and excessive competition are
avoided. Another is that propagation material can be collected
without depending on seed production.

Still hundreds of kinds of perennial ornamental plants are
propagated from seed; either for marketable plants or for root-
stocks for grafting. Production from seed is often preferred for
those kinds that can be vegetatively reproduced only with ex-
treme difficulty, or under extraordinary conditions. A major ad-
vantage is that the cost, in time and labor, of preparing seedling
flats is substantially lower than for preparing flats of cuttings.

In spite of the productivity advantage in using seed, there
are some problems specific to propagation from seed. It is not
rare for only a few seeds to germinate from several hundred
seeded into a flat. Such events are wasteful of labor and time
and of space in the propagating facility. In extreme cases, new
seed must be obtained and the crop resown if quotas are to be
met. Even then, a substantial amount of time may have already
been lost waiting for germination.

If the new seed is of high germinability and good vigor,
misfortune may strike again in the form of overly dense seed-
lings. Root entanglement is more severe and separating roots
slows transplanting and increases injury to seedling roots. Seed-
lings tend to be leggy and unable to support themselves after
transplanting. Late-germinating seedlings are often repressed.
This results in seedlings having a large range of sizes. Control of
disease is more difficult among crowded seedlings. Thinning
back to a desirable density is usually not done because of added
labor costs.

There is then, a problem of predicting seedling yield from a
given seed lot. Many factors can influence seedling yield. Pre-
treatment of seed, time of sowing, level of sanitation, and envi-
ronmental factors can certainly affect rate and extent of germina-
tion. But a frequent cause of poor seedling yield is simply poor
seed quality. Factors that contribute to low seed quality include:
absence of endosperm or embryo, embryo immaturity, genetic
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defects, insect infestation, seed diseases, lack of freshness, and
poor storage conditions.

SEED TESTING

Germination Test. The reliability of seedling propagation
can be enhanced by testing seed quality before sowing. Given
some measure of seed variability, the propagator is in a position
to adjust his sowing rate to result in the desired yield and
density.

The most reliable test of seed viability is the germination
test. Replicate samples of the seed lot are subjected to controlled
conditions for a specific period of time after which the percent of
germinated seed is determined. This type of test is particularly
well-suited to agricultural crop seed which generally requires
little or no pretreatment and germinates within a few days. The
seeds of many perennial plants, however, often require weeks or
months of pre-conditioning to enhance germination. Even then it
may take weeks more before germination is complete. Unless the
seed stores well, the lot from which the samples were drawn may
significantly decline in vigor while the test is going on. This need
for time and for special equipment make the conventional germi-
nation test unattractive for many ornamentals. Furthermore, the
test is destructive in that the sample is consumed in testing. The
200 to 500 seeds needed for a reliable test can be a substantial
portion of some ornamental seed lots.

Cut Test. There are a number of so-called quick tests that
are useful in determining seed quality. The simplest of these is
the cut test. Seeds are cut open and the interior examined. Those
that are firm, full, and of healthy color are judged to be viable.
This test can also be used to check ungerminated seed at the end
of germination tests or in the seedling tlats. With practice, one
can learn to detect abnormalities in otherwise healthy looking
seed. These might include immaturity, malformation, or inversion
of the embryo.

Tetrazolium Staining. Among several biochemical staining
techniques, the tetrazolium chloride, or TZ test, is the most wide-
ly used. In this test, seed is soaked in water for one or two days.
The seed coats are cut or pierced to permit penetration of the test
solution. A 1% aqueous solution of 2,3,5 triphenyltetrazolium
chloride is the reagent. Specimen seeds are immersed in the
solution and kept in the dark for 24 hours at room temperature.
After rinsing, the seeds are cut lengthwise and red-staining of the
tissue is evidence of viability. Variability in stain intensity some-
times makes interpretation difficult. Like the cut test, the TZ test
is a destructive test and requires time-consuming handling of
each seed.
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Hydrogen peroxide stimulation of the germination test and
culturing of excised embryos are other quick tests beyond the
scope of this discussion. These, and the X-ray test to follow, are
detailed in the bibliographic references.

X-ray Testing. Perhaps the most rapid of the various quick
tests for seed soundness is the X-ray examination of internal seed
structure. With soft X-ray, a large sample ot seed can be exam-
ined. The production of an X-radiograph takes only a few min-
utes and the test is best performed on seed dried to normal
conditions.

Another advantage is that the low radiation dose does not
damage the seed. Correlative tests, such as germination or tetra-
zolium tests, can be performed on the same seed sample, or on
selected individual seeds.

A major drawback to the X-ray test is that, like other quick
tests, it does not provide a direct measure of seed viability. It
does provide, for those seed for which it is suitable, an estimate
of soundness or completeness of the material within the seed
coat Absence of endosperm; absence, immaturity or malforma-
tion of the embryo; cracked or broken seeds; insect larvae; and
shrinkage of the interior (an indication of “old” seed) are evident
in the radiographs.

The equipment used for performing X-ray examination is
available “off-the-shelf”. The X-ray unit in our laboratory is a
Hewlett-Packard “Faxitron” Model 43804N. The other major
piece of equipment is a Kodak Ektamatic Model 214-K Processor
for the instant paper radiographs. Sample holders, film holders,
chemicals, photographic paper, radiation exposure badges, and a
dark room round out the equipment and materials needed. The
cost of the equipment and alternatives to direct purchase of X-
ray equipment will be discussed below.

While operators must be trained in the safe use of X-ray
equipment, the process for radiographic testing is quite simple. A
representative sample is taken from the seed lot. In the simplest
form, a known number of seeds can be distributed directly on
the film holder. But to maintain individual seed identity and to
simplify counting, the use of a compartmented sample holder is
preferred. A Plexiglass plate, 5 mm thick, drilled with 100-15 mm
diameter holes will accommodate all but very large seed. A 0.1
mm thick Mylar sheet is glued to the underside to hold the seed
without significant attenuation of the X-ray beam. One seed is
placed in each cavity and the sample holder is placed on the film
holder which is then placed in the X-ray cabinet. The seed is
exposed for a predetermined time at a selected X-ray tube poten-
tial. Exposure times are generally from 2 to 3 minutes at 15 to 20
kilovolts tube potential.
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Figure 1. A portion of a radiograph of Cedrus deodara with examples of: (a]
sound seed, (b) seed with questionable structure, and non-viable seed
with shrunken endosperm (c-1), empty seed coat (c-2), and missing
embryo (c-3).

Figure 2. X-radiograph of Abies procera seed. Seed has been segregated to
llustrate empty seed (top two rows], normally filled seed with distinct
embryos (center two rows), and seed inftested with chalcid ftly larvae
(bottom rows).
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The exposed paper is removed from the holder under a
photographic safelight and passed through the instant processor.
The radiograph can be taken immediately into room light and a
count made of the sound seed in the sample The radiograph can
be dried and data recorded directly on the radiograph as a
permanent record.

Seeds of the family Pinaceae are well suited to X-ray analy-
sis. A radiograph of the seed of Cedrus deodara, (Figure 1),
shows examples of (a) well-filled seeds with distinct embryos, (b)
questionable seeds with indistinct or distorted embryos or space
between the endosperm and seed coat and (c) obviously nonvia-
ble seed with empty seed coat, shrivelled contents, and missing
embryos.

Ables procera, an important forest species of the Pacific
Northwest, presents a clear image of the embryo in sound seed
(Figure 2). Empty seed is easily identified and chalcid larvae
infestation is distinct. For clarity, these have been segregated.

Insect damage has also been observed to the seed of species
of broader horticultural interest. In seed lots of Phoenix reclinata
and Phoenix canariensis seed-weevil larvae were found in near-
ly every seed. These seeds appeared normal under ordinary light
except for tiny holes along the cleft of the seed.

Embryo distortion is frequent in Strelitzia nicolai (Figure 3).
It is not known if this characteristic affects viability Using the
radiograph, individual seed with distorted embryos could be se-
lected from the seed holder and subjected to tetrazolium or
germination tests. This ability to perform confirmatory tests on
the same seed sample exemplifies the research value of X-ray
testing.

Sometimes the distinction between sound and poor seed is a
matter of degree, making interpretation of the radiograph diffi-
cult. Sound seed of Acacia latifolia results in a strong image but
shows little or no detail of the internal structure. The endosperm
of obviously dead seed is shrivelled or deeply pitted. But all
degrees exist between these extremes and “lethal” level is uncer-
tain.

Some seeds have characteristics that preclude making esti-
mates of seed soundness by X-radiographs Since the X-ray
equipment available to seed analysts cannot magnily the image,
seeds with dimensions less than about two millimeters are too
small to produce meaningful detail The pericarp or seed cover-
ing of some seed is so dense or convoluted that the details of
interior structure are obscured as illustrated in the radiograph of
Harpephyllum caffrum (Figure 4). Cycas revoluta is an example
of a seed with a large, well-developed embryo that is nearly

83



Figure 3. X-radiograph of Strelitzia nicolai seed. Distorted and abnormally small
embryos are evident. The two seeds in the upper right center have a
normal appearance. |

Figure 4. The thick and convoluted surface of the seed of Harpephyllum caffrum
obscures the internal structure and diminishes the value of radiography
as a quality control test.
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invisible in a radiograph because of the thick, fleshy endosperm
that surrounds it. Asparagus plumosa is a smaller scale example
of this same characteristic.

Nonetheless, there are many kinds of seeds used in orna-
mental plant propagation that do produce clear X-radiographs.
The commercial propagator might consider X-ray of seed for two
reasons: First, as a quality control test for seed lots either pur-
chased or collected from stock plants available to the propagator.
If the radiograph clearly indicates poor quality the propagator
may reluse to purchase or decide not to sow. Second, as an aid
in producing the desired number and density of seedlings by
adjusting the sowing rate in accordance with the proportion of
sound seed in the radiograph.

Radiographs give only indirect indications of seed viability.
Users of the X-ray technique should, in the beginning, run coin-
cident viability tests; either germination or tetrazolium tests. Ac-
tual emergence in seedling flats should be compared with predi-
cations made on the basis of the radiographs. In this way a clear
correlation between X-ray soundness and seed viability can be
established for each species of interest.

To establish an X-ray testing capability would cost on the
order of $10,000 Very few producers or users of horticultural
seed could justify this level of investment. A relatively inexpen-
sive alternative is to employ the services of appropriately-
equipped seed testing laboratories.

While there may be others, the Oregon State Seed Testing
Laboratory at Corvallis, Oregon is geographically the closest to
Western nurserymen. A second is the Eastern Tree Seed Labora-
tory in Macon, Georgia. While neither of these two laboratories
has wide experience with ornamental plants, each is well
equipped and available to perform a full spectrum of seed qual-
ity tests. The few dollars spent for testing a seed lot is a small
cost if it prevents sowing a large seedling crop that fails to
germinate

SUMMARY

As long as seed has an important role in the propagation of
ornamental plants, the propagator will be concerned with the
cost and quality of seedling production. Knowledge of the quality
of seed can reduce the time, space and labor required for seed-
ling production. Several quick tests of seed quality are available
The X-ray test is among the quickest and easiest to perform and
provides a measure of the soundness of many seeds of horticul-
tural interest. It is inexpensive and non-destructive to the seed.
The cost of equipment generally confines performance of X-ray
testing to users or producers of large quantities of seed or to
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laboratories providing seed-testing services. Such laboratories are
available in the Eastern and Western United States.
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MODERATOR ED SCHULTZ: We now have time for some
questions for our speakers.

BRUCE BRIGGS: On heat radiation in greenhouses, how do you
deal with the problem in a double poly house when you begin to
accumulate snow — how do you melt the snow off?

CHARLES HOAGLAND: I think Bruce is wondering if there is
any heat at the top of the poly house covered with snow. We will
not have as much heat at the top of an infra-red heated house as
in a unit heater system but the heat will be there. We have in
Washington State many, many snowfalls, some 8 to 10 inches,
and we have been able to melt the snow off the poly house with
infra-red heaters.

ED SCHULTZ: You will find that the snow that accumulates on
the house is an insulation material and you will get heat build-up
and give you a little slight slick between the snow and the glass
or the snow and the fiberglass or poly. That helps let
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the snow slide down if there is any slope.

VOICE: In the tissue-cultured rhododendrons, when you
took the clumps to root that had callus, did you use bottom heat
and mist? What were you planning to do?

BOB TICKNOR: Did we use bottom heat and mist? The
answer to both is no. We were working under lights in a base-
ment; we were not using bottom heat. We put a poly tent over
them to hold the humidity in. The radiation temperature was
about 80°F under the poly tent.

RALPH SHUGERT: Jay, when you take a lot of stratified
seed, let’'s say Taxus capitata, which normally needs 12 months
stratification, can you put the seeds under X-ray and determine
from that about what stage the seed is in during the period of
stratification? Is it ready to germinate, in other words?

JAY ALLISON: You could if there was some evidence of the
embryo beginning to swell, for example, a root radicle just ready
to emerge through the seed coat. 1 might add about testing of
stratified seed is that if the seed is totally imbibed with water or
even an empty seed coat that is filled with water, water will have
about the same absorbance of X-ray as the endosperm or the
embryo of the seed. Often it is found to be beneficial in X-raying
seed that has been fully imbibed or stratified for a long period of
time to partially dry the seed before running an X-ray test This
will bring out the detail of the embryo much better.

RALPH SHUGERT: X-ray tests could well be used along
with a cutting test. If I made a cutting test on Taxus capitata
seeds, for example, that were stratified 8 months, the cutting tests
might show 80 to 85% good seeds. Then if I sent the seed to a lab
— and the X-ray report then came back, I would then have,
conceivably, information that would allow me to plant three
months earlier than I normally would.

JAY ALLISON: Yes, very definitely.

CHET BODDY: I would like to know from Bill Nelson about
that bottom heat system. What is the material that the copper
pipes ran through?

BILL NELSON: That was in concrete. That was in Don
Dillon’s propagation beds. I am not using any circulating water;
mine is strictly radiation from the water that has been heated. I
want to mention a book called, “Solar Living Greenhouse Digest,”
printed in Arizona. It describes a lot of new materials that are
coming into the forefront in solar heating. One of them is the
very inexpensive series of tiny pipes, tubes of polyethylene, black
poly; it looks like a real way of saving money because copper is
just sky high. With the success that Don reports it is probably a
good investment though, but I would have tried some of these
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other materials. Hines Nursery, I know, has tried a number of
kinds of polyvinyl chloride (PVC) pipe that did not work but they
finally found one in the East where they use it for melting snow
or ice on the roadway. That one was, apparently, very effective.

JOLLY BATCHELLOR: Twenty-five years ago there was a
philodendron grower in the Pacific coast area who had the idea
of running hot water through pipes in his propagation bed.He did
that and had beautiful results except that the electrolysis ate the

pipes up.
BOB TICKNOR: Several growers in the Oregon area are
using hot water for their propagation bed heat source.

JOLLY BATCHELLOR: What kind of pipes are they?

BOB TICKNOR: Klupengers use galvanized pipe. John
Mitsch uses some type of polyethylene. John just had a big
installation put in, using a heat pump as a hot water source. He
also has solar panels that go into the same storage reserve. He
has a 20,000 gallon tank to hold the water and pipes go under the
beds. He has a 100’ X 100’ greenhouse heated that way.

ED SCHULTZ: John is using low temperature, like 80° to
100°F or less. It may have some effect on the electrolysis, I don't
know. I think he is using PVC pipe.

JIM SAHLSTROM: We use a drip tubing that is used for
drip irrigation. Unfortunately, we heat with electricity, but we
use a hot water heat element screwed into a 2-inch tee. We heat
the water to about 80°F which goes into a manifold having about
9 pipes, and we send this down the house about 90 feet. The nice
thing about plastic pipe is that it is a poor conductor of heat, but
copper is a good conductor of heat; you put hot water in at one
end and you get cold water at the other. But by putting hot water
in at one end of this flexible plastic tubing, you have the same
temperature at the other end. So we can put hot water in, pump
it through the system, when it gets to the far end of the green-
house we cross over, heat it up again, but it is already warm.
Send it back to the other side of the greenhouse through the
system again; it is a round-robin system. The type of tubing is
flexible, and we work on benches that are right on the ground so
we can step right on the tubings or run over them with our
equipment. No problem with breaking or corrosion.

VOICE: Referring to Jim’s statement that hot water running
through a piece of copper tubing cools off by the time you get to
the other end, I don’t think that is because of the copper tubing; I
think it is because of the design of the system. Circulating the
water with a pump you could arrange to have the same tempera-
ture at both ends of the bed.

JIM SAHLSTROM: That is correct, but copper does cool off
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a lot faster than poly though.

ED SCHULTZ: But vou could correct it by increasing the
speed of the water going through.

CONIFER AND MAGNOLIA GRAFTING
RICHARD H. WELLS

Monrovia Nursery Co.
Azusa, California 91702

The “upright” junipers are some of the most sought after
plants we grow at Monrovia Nursery. The high demand for these
plants is in part maintained by the difficulty in producing them
in large quantities. Although some can be successfully and eco-
nomically grown from cuttings, many others must be propagated
by grafting. The types of junipers we graft are mostly cultivars of
Juniperus scopulorum, some of which are: ‘Cologreen’, ‘Gray
Gleam,” ‘Welchii,” ‘Tolleson’s Weeping’ and ‘Wichita Blue.” Ex-
cept for the use of different understocks, the methods for grafting
our other conifers are the same as those used for the junipers.
Since the grafting of our Magnolia grandiflora types coincides
closely with that of our conifers, their production will also be
described in this paper The cultivars of magnolia we are now
grafting are: ‘Majestic Beauty,” ‘St. Mary’ and a USDA introduc-
tion called ‘Little Gem.’

JUNIPERS

Understock: For good results, it is important to start with a
good, vigorously growing understock. There are three we com-
monly use: Juniperus chinensis ‘Hetzii’, J. virginiang, and |. vir-
giniana ‘Skyrocket.” We like to use ‘Skyrocket’ because it is less
susceptible to the various fungal diseases which can infect J.
virginiana. Also, ‘Skyrocket’ produces a straighter, more graftable
understock than ‘Hetzii.’

The ‘Skyrocket’ are rooted as cuttings and then are potted
into liners They will be ready to graft approximately two years
from the time the cutting was made. About three weeks prior to
grafting we start preparing the understock. This preparation con-
sists of: 1) sorting for size, (5 to 7 mm in diameter is desired), 2)
pruning up the sides in order to clean the working area for the
graft, (an area of 7 to 10 cm starting at soil level and extending
upward), and 3) pruning the tops to reduce foliage and create a
uniform appearance. This process is started approximately the
first week of November. One week prior to grafting, the under-
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stock is brought into the greenhouse and watered thoroughly.
Within a week they are actively growing and ready for grafting.
They are sprayed with Physan disinfectant and allowed to dry
prior to grafting. Grafting continues through mid-January.

Scionwood: We have a crew of four who collect the scion-
wood daily. Most of the wood comes from our 5, 7 and 15 gallon
containers. We also get some scionwood from stock plants which
are planted throughout the nursery. However, the wood collected
from the containers yields better percentage of “take.” This is
probably due to the fact that the plants in the containers grew
more actively during the previous year than the stock plants,
thereby yleldmg scionwood that is more vigorous, has better
caliper, and is cleaner.

The scionwood is brought into the greenhouse where it is
prepared for the grafters. We use mostly tips which are 12 to 15
cm in length. They must have 4 to 6 cm of brown, partially
matured wood at their base. All side growth on the lower 6 cm of
the scion is removed to provide a clean area for the grafters to
make their cuts. The softer growth on the tip of the scion is also
removed. This is done by pulling or tearing rather than cutting
because if the tips are cut, it will result in brown necrotic areas.
Such areas are more likely to become diseased in the high
humidity and temperature they will be exposed to. The scion-
wood is then washed and disinfected in a solution of 200 ppm
Physan, placed in plastic bags, and stored in a cooler at 3° to 5°C
(38° to 40°F). We try to use the scionwood within 2 to 3 days. It
can, however, be kept quite successfully for as long as one week.

Grafting Technique: The type of graft we use on our coni-
fers is the basic side graft. The understock is the first to be cut.
Starting at a point as low as possible on the stem, a longitudinal
incision of about 30 to 35 mm is made. The cut ends at a depth of
about % the diameter of the stem, therefore leaving a flap. An
80% isopropyl alcohol solution is used to disinfect the knife
between cuts.

On the scion, we first make a longitudinal slice of about 30
mm on one side, and then we make a second, slightly shorter,
parallel slice on the opposite side. It is important to leave a small
strip of undisturbed bark on each side of the scion. The strip of
bark on one side should be slightly wider than the other. This
wider side is used to match cambium layers with the understock.
If the scion is not wide enough to match with the understock on
both sides, having the second side of the scion slightly narrower
will allow the flap of the understock to close more fully. We also
cut a small wedge at the base of the scion to remove the very
thin wood which could be more subject to desiccation.

After the scion is properly inserted into the understock, the
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graft is wrapped with a budding strip (¥4 in. by 4 in ), applying a
medium tension. The wrapping begins at the top of the graft and
finishes at the bottom with a half-hitch so the strip can be later
easily removed. No tar or wax is used.

Grafting Tents: When the graft is completed it is then placed
into a “grafting tent.” This consists of a raised bench with a
plastic quonset-type covering. This tent provides an environment
of high humidity and relatively warm temperature for the grafts.
The tent is prepared in the following manner: first, the bench top
is covered with waxed paper, and then a three inch layer of peat
moss (treated with Captan) is placed on the paper. The benches
have 3 to 4 in. side walls which prevent spillage of the peat moss.
Over the bench is built a small quonset-type structure which
supports a poly cover. Under the bench there are hot water pipes
which provide warmth for the grafting process. To help reduce
foliage fungus problems, we install a small convection tube with-
in the tent. This keeps the air circulating, which helps to prevent
water condensation. Thus, we can maintain a warm, high humid-
ity environment while the foliage of the plants and the graft
unions themselves are not overly wet.

The method of placing the grafted plants into the tent is
regulated closely. The pots are “plunged” into the pre-moistened
peat moss, in rows, at about a 60° angle, with the graft unions on
the top side. This is done to prevent water from sitting on the
graft unions. Any condensation which forms or drips on the
grafts quickly runs off due to the angle. Also, with the graft
unions on the top side, they get better air circulation and light
which helps to prevent disease. The pots are plunged to a depth
so that the peat moss holds them at the proper angle, but not so
deep as to have the peat in contact with the graft unions.

Prior to placing the grafted plants in the peat moss, the peat
is made wet to the run-off point. Also, prior to grafting the
understock is thoroughly watered. These steps are important be-
cause once the grafted plants are put in the grafting tents, the
tents are closed and sealed. Just prior to sealing the tents, the
beds of new grafts are sprayed with Benlate as an extra precau-
tion against disease. The tents remain closed for two weeks.

Hardening-off: Within two weeks, as many as 25% of the
grafts are ready to be removed from the tents. We watch for new
growth on the scions, and when this growth is 5 to 10 mm in
length the graft is removed from the tent and hardened off. The
majority of the grafts will have been removed within a 5 to 6
week period. After the initial two week period, we start spraying
all tents and new grafts on a weekly basis with a fungicide. We
normally alternate spraying with Benlate, Dithane Z-78, and
Mertec.

91



When the grafts are removed from the tents they are placed
on open benches in the greenhouses. Here they are sprayed with
water several times a day to prevent drying. They are kept in the
greenhouse under these conditions for an additional two week
period, after which they are moved outside to a shaded area. At
such time, spraying, or misting, will continue for approximately a
month, during which period the frequency of spraying is gradual-
ly reduced. During this hardening-off time it is necessary to keep
the foliage of the understock cut back to encourage growth of the
scion.

Canning: We start to can the new graits into gallon contain-
ers during early to mid-March. Several weeks prior to canning
the understock is removed completely. The grafting strip is left to
protect the graft during the canning operation but is removed
within one month after canning to prevent girdling. By the fol-
lowing December, the plants will be 18 to 24 in. in height.

MAGNOLIAS

Understock: We use one gallon Magnolia grandiflora plants,
(which take about two years to reach a suitable size), for our
understock. Because of the large diameter of the scion (10 to 12
mm ), we must use understock of at least equal size. In September
or October, all of the one gallon understock is pruned to a height
of 24 in. This assures uniformity within the grafting tents later.
The understock has usually been staked to help produce a
straight stem and working area.

In the first part of November, as soon as there has been
some cold weather, we begin to bring the understock to the
greenhouse area, where it will be prepared for grafting. The
stake, all of the side branches, and most of the leaves will be
removed, with only a few leaves remaining at the top. The
understock is also sorted for proper size.

The plants are then brought into the greenhouses, watered
thoroughly, and placed, can tight, into grafting tents. These tents
are nearly the same as those used for the junipers, except they
are taller and have only a thin layer of peat on the bottom. The
bed of understock is sprayed with Physan and allowed to dry
before gratting.

Scionwood: All scionwood is collected daily from trees
planted throughout the nursery. The stock plants are watched
closely to ensure healthy scionwood production. We use only tips
or terminal ends which are cut 20 to 25 cm in length. All foliage
is stripped from the scions and they are disinfected in a bath of
200 ppm Physan. They are then placed in plastic bags and stored
in a cooler at 3° to 5°C (38° to 40°F), until needed. We try to use
all scions within three to four days.
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Grafting Technique: The technique for grafting our magno-
lias is the same as that used for our junipers, except with the
magnolias we are dealing with larger scion and understock. The
longitudinal cut in the understock will be 5 to 6 cm in length,
ending at a point about % in diameter of the stem. The cuts on
the scion will also be about the same length, but the width of the
bark between the cuts must be much thinner (about half the
thickness) on one side. As with the junipers, the cambium of the
wide side is matched with the cambium of the understock, and
unless both sides can be matched, the flap lays over the narrow
side. The graft is wrapped from the top down with medium
tension. A wide (% in. by 8 in.) rubber strip is used, with a half-
hitch placed at the bottom.

When we finish grafting a bed, the plants are sprayed with
Benlate and the plastic cover is sealed on the tent and remains
closed for two weeks.

By the end of two weeks, the first signs of growth on the
scions are observed. The terminal buds begin to swell and pop
off their caps. Within another week or two, they will start to
unfold their first leaves When the plants have one or two fully
opened leaves they are ready to be removed from the tents. We
observe the same fungicidal program as with the junipers.

Hardening-off: The magnolias are hardened off in the same
manner as the junipers. They are first placed on an open bench
within the greenhouse, where they are misted as needed for two
weeks. They then are moved outside to a shaded area where the
misting continues for an additional month.

Canning: The transplanting of the gallon grafts into five
gallon cans is done between March and May. It is best to have
all of the plants canned prior to the hot weather. Unlike the
junipers, the magnolias are canned with the understock still pre-
sent. This is done because the foliage of the understock shades
and protects the tender new foliage of the scion. Near to August,
the understock is removed completely after the scion has had a
chance to grow and “toughen up.” It is not necessary to remove
the rubber strips since their exposure to the sun quickly weakens
them and they break off.
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A PROCEDURE FOR PROPAGATING FERNS FROM SPORE
USING A NUTRIENT-AGAR SOLUTION

BRUCE C. LANE

Bordier’s Nursery, Inc
Irvine, California, 92714

Plantlet crowding and biological contamination are problems
experienced by many who propagate ferns from spore. At Bor-
dier’s Nursery, our attention has been directed toward finding
propagation methods which would work to diminish these prob-
lems. The methods we are now using are not uncommon. They
require tedious labor with cleanliness being stressed at every
step, but they are successful in that we are able to produce the
fern liners we need. Briefly, our propagation procedure involves
germinating spore and growing the young fern gametophytes on a
nutrient-agar solution, transplanting adult gametophytes onto a
growing medium where fertilization can lead to fern sporophyte
formation and finally, transplanting young sporophytes to give
them space to develop into liner-sized plants. Previously, we
germinated our spore on fine spagnum peat and had a serious
problem with gametophyte crowding, as well as fungal, algal and
moss contamination. However, approximately 12 years ago, we
tested and adopted the use of a sterile nutrient-agar solution as a
germination and growth medium, a method developed by Tjos-
vold (1) specifically designed to reduce these problems. The six
fern species we produce using our method are: Cyrtomium falca-
tum ‘Rochfordianum’, Dicksonia antarctica, Nephropelis exaltata
Polystichum setosum (P. X bicknelii or P aculentum, Bot. ed.)
Rumohra adiantiformis and Sphaeropteris cooperi. Following is
the procedure we are successfully using to propagate ferns from
spore.

Our spore is collected from stock plants when the sori on the
underside of the fronds are plump and ripe, but before these
clusters of sporangia have discharged their asexual contents.
These fronds are gathered, enveloped in paper plant sleeves and
placed in a warm, dry location for two weeks. This desiccating
environment dehydrates special cells encircling each sporangium,
eventually catapulting the spore away. It is important to separate
the released spore, as much as possible, from the crisp fronds
and chaff that may carry inocula. A mechanical shaker and a
series of soil sieves are used for this separation, the final two
screens having a 200 and 270 mesh (75 and 53 micrometer open-
ings, respectively). The powdery spore is stored dry in tightly
sealed containers and refrigerated at 4.5°C (40°F).

From this point on, cleanliness becomes very important, es-
pecially when working with a sterile growth medium. Any con-
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tamination which can be avoided leads to more productive spore
germination, more vigorous gametophyte growth and fewer prob-
lems in the transplant flats. In our greenhouse, a laminar-flow
hood provides us with an inocula-free work space in which to
conduct our sporing. Precautions taken to insure cleanliness with-
in the transfer hood include spraying the working surface, walls
and filter with aerosol Amphyl and operating the filter 30 min-
utes prior to use. Cleanliness is enhanced when sporing is con-
ducted atop disinfectant saturated paper towel. In addition, all
sowing instruments are cleaned in a 5% Clorox solution.

Our spore is sterilized immediately prior to sowing to insure
that it is free of biological contamination that may have passed
along with it through the soil sieves. One part spore is shaken
vigorously in 5 parts of a 5% Clorox solution. After 1%2 minutes
this mixture is quickly poured into a Buchner funnel-filter setup
and with the aid of a vacuum, rinsed several times with water.
This dilutes the biocide so harm to the spore is avoided. After
rinsing, we allow the vacuum to pull air through the spore for an
additional 5 minutes before letting the spore air-dry under the
hood. If this vacuum airing is not done before drying, caking of
spore results.

Tjosvold was trying to accomplish two things when he devel-
oped his method of sowing fern spore on a warm nutrient-agar
solution. He wanted to improve the distribution of spores on the
sowing medium to reduce gametophyte competition and provide
a nutrient-rich environment free of contamination from fungi,
algae and mosses. He found that by using an agar concentration
of 2 grams per liter of double strength Hoagland solution #2 in
combination with a solution temperature of 120°F at the time of
sowing, a favorable surface tension occurred which distributed
the spore uniformily on the medium. Gametophyte growth was
enhanced when the strength of the Hoagland solution was dou-
bled. Heating to the boiling point involved in preparing the
solution produced a sterile medium on which the tern gameto-
phytes could grow without competition. Our nutrient-agar solu-
tion is prepared by Soil and Plant Laboratory, Santa Ana, Cali-
fornia, according to Tjosvold’'s formula. We receive this solution
after it has been autoclaved and sealed in Mason jars.

Prior to sowing, we reheat the prepared solution in a hot
water bath shaking the quart jars several times to insure a homo-
genous medium. After it has cooled to the desired sowing tem-
perature of 120°F, each sterile, plastic, 100 X 200 mm petri dish is
filled with % inch of the solution. Sowing is done by lightly
tapping a 270 mesh screen containing the spore over the medium,
quickly replacing the petri lid when finished. A key advantage to
sowing on this medium as opposed to peat moss is that one can
see the individual spores sown due to the color contrast and
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clarity of the solution. If density appears to be low, more spore
can be added.

After sowing is completed, a flame is used to sterilize the
exposed edges of the petri dishes. This extra precaution is taken
to eliminate inoculum that may have been introduced with han-
dling and could find its way into the plate. These petri dishes are
then placed and sealed in polyethylene bags to minimize dehy-
dration of the solution and keep out fungus gnats and other
Insects.

Germination of spore usually occurs within 10 to 14 days, the
gametophytes appearing as little green dots on the solution. For
germination and growth, our fern house daytime temperature is
kept between 21° and 26.5°C (70° and 80°F), and cooled by
means of an evaporative cooler. Night time temperature is main-
tained at 18.5°C (65°F). Light intensity is kept in the range of 200
to 400 foot-candles.

Two or three months after germination, gametophytes are
usually ready to be transplanted. Transplanting is done because
the small plants have grown to a desired size and conditions
more conducive to fertilization for sporophyte formation are
needed. On the underside of the adult gametophyte, motile
sperm from male antheridia are attracted to eggs within female
archegonia by a chemical substance. Watering and misting the
transplant flats provide free water in which the multiflagelate
sperm can swim to their destination. We have noticed reduced
numbers of sporophytes when adult gametophytes are kept on
the more viscous nutrient-agar solution for a long period of time.
Transplanting is also needed when gametophyte crowding starts
to retard growth. This occurs after the young gametophytes have
spread over the solution to the walls of the petri dish.

At the time of transplanting, gametophytes in petri dishes are
floated on water, broken apart and spooned with water onto a
prepared flat. Usually 10 to 20 gametophytes are spooned togeth-
er in a group with groupings spaced about an inch apart. We also
transplant by combining the contents of several petri dishes,
diluting and agitating with water, and pouring this mixture over
the prepared flat until the desired gametophyte density is ob-
tained. The water used in both of these transfers permits a close
contact between gametophyte rhizoids and the growing medium.
Our transplant mix consists of equal parts of fine peat moss, fine
vermiculite and graded, sand-sized perlite. All flats are kept
moist with a 3 strength Peter’s solution (20-20-20) made from
chlorinated water low in salts. Flats are placed on a bench
beneath a polyethylene tent to maintain high humidity.

Sporophytes start emerging from the adult gametophytes 3 to
7 months after transplanting, depending on the species. These
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sporophytes are transplanted as single plants to another prepared
flat while the second leaf is still developing. The transfer is made
at this young stage to avoid the root intertwining that is charac-
teristic of older sporophytes that have grown closely together.
There is reduced root tearing when intertwining is minimized.
Plastic tweezers are used for the delicate separation and place-
ment into flats and care is always taken to keep the fern crown
above the soil level. As sporophytes become large enough, they
are finally potted into liner containers, again keeping the crown
above soil.

While our transplanted ferns are vigorous plants seemingly
tolerant of fungi, algae and mosses, inoculum are ever present
and cause serious problems if left unchecked. Spacing for ade-
quate air circulation, proper irrigation using water free of inocu-
lum and transferring only clean plants to transplant flats reduces
or prevents some of these problems. Removal of diseased and
infested areas is done by hand. Problems that are present in petri
dishes are easily elimated by throwing away contaminated plates.
We are quite inexperienced when it comes to chemical control,
but have found that tender young gametophytes and sporophytes
are easily burned by particular chemicals in combination with
our greenhouse temperatures and humidity.

Germinating spore and growing gametophytes on nutrient-
agar solution has improved our fern propagating procedure. The
transplanted gametophytes are vigorous plants having grown in a
medium free of contaminants, uncrowded, and well supplied
with nutrients. We rely on the vigor of these transplanted game-
tophytes along with cleanliness and proper cultural care to pro-
vide and maintain the sporophytes required for our canning
production.
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MAHONIA PLANT CONDITIONING AND PROPAGATION
CHET BODDY

Boddy Nursery
Fort Bragg, California 95437

Of the four mahonia cultivars we grow, Mahonia aquifolium

‘Compacta’ is the most popular — and also the most difficult to
propagate ifrom cuttings. This paper deals mainly with ‘Com-
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sporophytes are transplanted as single plants to another prepared
flat while the second leaf is still developing. The transfer is made
at this young stage to avoid the root intertwining that is charac-
teristic of older sporophytes that have grown closely together.
There is reduced root tearing when intertwining is minimized.
Plastic tweezers are used for the delicate separation and place-
ment into flats and care is always taken to keep the fern crown
above the soil level. As sporophytes become large enough, they
are finally potted into liner containers, again keeping the crown
above soil.

While our transplanted ferns are vigorous plants seemingly
tolerant of fungi, algae and mosses, inoculum are ever present
and cause serious problems if left unchecked. Spacing for ade-
quate air circulation, proper irrigation using water free of inocu-
lum and transferring only clean plants to transplant flats reduces
or prevents some of these problems. Removal of diseased and
infested areas is done by hand. Problems that are present in petri
dishes are easily elimated by throwing away contaminated plates.
We are quite inexperienced when it comes to chemical control,
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