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The Hawaiian Islands consist ot many individual islands
located in the Pacific Ocean, extending from 154°45’ to 179°1%°
west longitude, a distance of over 1600 miles, and from 16°30’ to
28°30’ north latitude, a distance of over 850 miles. This cir-
cumscribes an area of over 1 1/3 million square miles — the only
trouble is that there is so much of it underwater.

Scientists tell us that the Hawaiian Islands are of volcanic
origin but the date of the formation of the islands above the
surface of the ocean is still unknown. For centuries limestone and
coral deposits accumulated to form the islands as we know them
today, extending from Kure Island just northwest of Midway to
Hawaii Island on the east and Johnston Island on the southern
extremity. The mineral content of the volcanic material has made
the soil of the islands tremendously fertile and productive.

Hawaii, as most of us think of it, is comprised of six major
volcanic islands between 19 and 22°15' north latitude and 2,700
miles from the nearest continent. Northeast tradewinds prevail

and, combined with topography and altitude, provide en-
vironmental conditions ranging from wet tropical to dry sub-
tropical and desert, to temperate and even alpine. Crop plants
and people came only very recently. The 790,000 people here
today are primarily of Japanese, Caucasian, Chinese, Filipino,
and Polynesian ancestry, in that order.

The state is comprised of 4.1 million acres, of which *‘jungle”
forest is 49%o; brushy grasslands, 17%; mountains, new lava,
canyons, 179%e; agricultural crops, 8%s; parks, 6%; and urban,
industrial, military, 39%b.

The present total agricultural area, including grazed lands
and croplands, comprise 38% of the total state area. However,
only one-fifth of the agricultural lands, or 325,000 acres, are
croplands. And of this area, 300,000 acres are devoted to
plantation culture of sugar cane and:pineapple. This leaves about
25,000 acres for all diversified crops, of which 13,000 are
devoted to orchards, 2,500 to vegetables, and 2,500 to tield crops.

Present gross state product is approximately $4 billion.
Agriculture is approximately $525 million; comprised of sugar,

A

Ed. Note: Dr. Bullock showed a series of slides illustrating the propagation
and culture of the many agricultural crops of Hawaii, such as sugar cane, cof-
fee, pineapple, macadamia, papaya, and guava.
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$210 million; pineapple, $135 million; livestock and diversified
crops, $180 million.

The controlling factors which decrease the intensity of land
use are rough topography, high elevation, presence of lava rock,
thin and infertile soils, and inadequate and untavorable rainfall
distribution. Lack of rainfall or water for irrigation excludes
extensive low-elevation areas from intensive cropping. Under the
prevailing economy in Hawaii, lands and supporting facilities are
utilized first for the plantation crops of cane and pineapple with
a steady worldwide demand and a fair margin of profit for sugar
on a gross income of $600 to $800 per acre. Second choice goes to
the small, fluctuating market crops of fruit and vegetables, which
gross $2,000 to $3,000 per acre per year. Third choice goes to
field crops, which because of mass production elsewhere, will
gross $100 to $500 per acre per year. The last land-use category
is range or cattle grazing, which averages only $10 per acre per
vear. While increasing rapidly, more intensive greenhouse crops
and ornamental nursery crops still comprise a small percentage

of the total.

The military and other federal government activities con-
tribute 125,000 to the population and nearly 1.5 billion dollars in
annual expenditures in the state. The visitor industry brings to
the state over 2 million people annually who leave with us $700
million. To keep up with this activity, a construction industry is
completing $700 million worth of building annually.

These are some of the characteristics, advantages and
constraints of the Hawaiian environment. Changes are coming
fast and we in Hawaii are moving rapidly to accommodate these

changes.

MODERATOR WARNER: Thank yvou, Dr. Bullock. OQur next
speaker was born and raised in Honolulu in a family which
specialized in floriculture. He received his Bachelors and Masters
degrees at the University of Hawaii and his Ph.D. at Cornell
University. His field is in breeding and culture of ornamental
plants, particularly in breeding anthuriums. You can witness the
examples of his work on the table outside. Through his etforts
the College of Agriculture has released several new anthurium
cultivars of superior quality. He is chairman of the Department of
Horticulture, University of Hawaii, and is eminently qualified to
speak on the subject, ““Hawaiian Ornamental Industries.”” Dr.

Kamemoto:
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Prior to the Second World War, the ornamental industries of
Hawaii were limited to the local trade. The standard cut flowers
— roses, carnations and gladioli — regularly graced our flower
shops. Some chrysanthemums were grown but were insignificant
because control of flowering was still unknown. Flowers such as
asters, gerberas, marguerite daisy and zinnias were also
available. Relatively few anthuriums, orchids, heliconias and
other tropical ornamentals were seen. Landscape nurseries were
few in number.

From around 1941, interest in tropical ornamentals expanded
rapidly, both among hobbyists and commercial growers. The
exposure of many of these ornamentals to servicemen stationed
here, and the improvements in air transportation provided the
initial impetus for the expansion of the export of ornamentals to
continental United States.

In 1951, the University of Hawaii and the Floral Association
of Hawaii co-sponsored the First Floral Clinic. Some mainland
experts were invited including O. Ben Haley, Manager of Denver
Wholesale Florists; Edward Goeppner of Podesta Baldocchi, San
Francisco; James Sykora, Manager of Amling Co., Chicago; and
John Dudley, President of the Society of American Florists. Many
problems and possible solutions were discussed. The general
conclusion reached was that the ornamental industries of Hawaii
showed great promise for growth but that there were numerous
problems which needed to be resolved.

Eighteen years later, in 1969, an industry-wide agricultural
planning conference was held to prepare the State Agricultural
Development Plan. The development of the plan was mandated by
the 1968 State Legislature for the purpose of determining what
the future holds for agriculture in the State of Hawaii. Or-
namental horticulture was one ot 14 enterprise or commodity
groupings. The planning committee on ornamental horticulture
was comprised of 13 industry representatives and three
University personnel. It was noted that the ornamental hor-

ticulture industries were rapidly evolving from backyard opera-
tions to large-scale enterprises and that new technology was re-
placing the older practices. The committee expressed considera-
bie optimism for the continued growth of the ornamental indus-
tries. The factors cited which favor this expression were:
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1. Hawaii has the highest per capita consumption of ornamental
plants and flowers in the United States. With the projected
increase in population, including tourists, the total value of
the ornamental industries is expected to increase proportion-
ately.

2. The exotic nature of Hawaii’'s products such as anthuriums,
orchids and other tropical flowers has created a demand for
these products on the mainland market. With improvements in
jet transport, Hawaiian floral and plant products can be
placed on the mainland market in a matter of hours.

3. Ornamentals are intensive crops vielding high returns per unit
area:; consequently, the competition for large parcels of land is
not as intense as with other agricultural crops.

4. Urban development, resort development, highway construc-
tion, and the national interest in the beautification of man’s
environment place the ornamental industries in a favorable
position for substantial growth.

VALUE OF ORNAMENTAL INDUSTRIES

The census figures for 1949 placed the wholesale value of
ornamentals at $1,274,000. The value rose to $1,958,000 in 1959,
and to $4.,022,000 in 1969. The value for 1971 was $4,484,000.
The actual value would probably be much higher than the census
figures indicate because many part-time or backyard operations
are involved. The annual growth recorded has been about 10
percent. Another interesting statistic is the relatively high per-
centage of export sales. In 1971, over half of the total sales of
ornamentals comprised out-of-state shipments.

ANTHURIUM

With the foregoing as an introduction to the ornamental
industries of Hawaii, let us now look into the components or
commodity groupings.

Anthuriums, the most important cut flower crop of Hawaii,
have experienced a phenomenal growth within the past 10 years.
In 1959, the value was $216,000. In the early sixties, large-scale
operations were initiated. In 10 years, the value had risen to
$1,019,000, which represented an average growth of 20% per
year for the ten-year period. During the last couple of years,
ecrowth has leveled off to about 10% per year. In 1969, anthur-
iums represented about 60% of out-of-state shipment sales.

At the present time, there are approximately 200 farms and
about 230 acres in cultivation. About 90% of anthuriums are
grown on the island of Hawaii.

Anthuriums cannot tolerate full sunlight and, theretore,
shading is required. Generally about 75% shade is provided
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through various means. Anthuriums can be grown under trees,
tree fern fronds, lath or saran.

Anthurium andraeanum is native of Colombia. It was first
introduced into Hawaii from England in 1889. During the late
1930’s, interest in anthuriums began to mount, and today, Hawaii
has developed into the major anthurium production center of the
world.

Anthuriums are propagated from suckers or cuttings.
Because a single lead produces about six leaves per year, which
means six nodes or six potential growths per year, vegetative
multiplication is slow. Mist propagation of two- to three-leat
terminal cuttings is effective. Successful meristem or tissue
culture should be a boon in increasing new cultivars, but un-
fortunately this mode of propagation is still in the experimental
stage.

For the production of new cultivars, sexual propagation is
necessary. Pollination is effected by grasping the pollen-laden
spadix with fingers and then rubbing the pollen onto the stigmas
of other flowers. Six months are required from pollination to fruit
maturity. After separating the pulp, the seed is planted on finely
shredded tree-fern {fiber. In six months, the seedlings are
transplanted into flats and six months later are moved into in-
dividual pots or in ground beds. Some seedlings will begin to
flower in 15 months from seedage, but usually two years must be
allowed for the entire progeny to tlower.

" The important commercial cultivars are Ozaki, Kaumana,
Kozohara and Nitta. Some of the University releases are Marian
Seefurth, Anuenue and Manoa Mist.

ORCHIDS

Hawaii is well known as a center for orchid hybridization,
and many fine hybrids have found their way into international
markets. The following sales were generated in 1970: Vanda
‘Miss Joaquim’ — $565,000; cattleyas — $52,800; dendrobiums —
$60,800; and cymbidiums — $116,000.

Flowers of Vanda ‘Miss Joaquim’ are used primarily for leis.
About 50 acres are presently in production. It is easy to
propagate from cuttings. Increase in plantings can be easily
accomplished, since considerable acreage is in production.

In the Volcano region on the island of Hawaii, cymbidium
production is increasing. Plants grow well, and tlowers are
produced a couple of months ahead of the normal flowering time
in California. Meristem culture has made possible the commercial
cropping of superior clones from the standpoint of productivity,
seasonality and quality. Practically all of the flowers produced
in Hawaii are marketed on the mainland.
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Dendrobium orchids are beginning to receive increased at-
tention. Flowers come in assorted colors and shapes. The flower
sprays have a long vase life. Plants are productive, and flowers
are easy to pack and ship. The successful meristem culture tech-
nique developed for dendrobiums in Dr. Sagawa’s laboratory
makes possible the rapid increase of superior clones for commer-
cial cropping.

The dendrobium industry is still in its infancy, emerging from
hobby or backyard status to commercial enterprises. There are
signs of increased activity to explore the export market.

The University of Hawaii has been evaluating dendrobium
clones as well as producing new clones through breeding in order
to promote the development of the industry. It has mericloned
and released Dendrobium ‘Jaquelyn Thomas’ (0580), D. ‘Neo
Hawail’ (Y972), and D. ‘Lady Hay’, and recently released a tetra-
ploid seedling strain ofD. ‘Jaquelyn Thomas’ (UH44).

FLOWERS AND FOLIAGES

Hawaii grows the standard cut tlowers — roses, carnations,
chrysanthemums and gladioli — for the local market. Because
these are well known to all ornamental horticulturists, I will not
delve into these except to mention that in Hawaii carnations are
grown primarily for their flower heads for use in leis, rather than
for cut stems.

A new potential export crop for Hawaii is ornamental
proteas. Experiments initiated in 1963 and expanded by Dr.
Parvin at our Kula Research Station on Maui have revealed their
desirable gualities as cut flowers. These proteas are exotic, have
a long vase lite, and flower ahead of those produced in
California. Leucospermum cordifolium, the Pincushion Protea,
appears to be most promising, but others like Protea nerifolium,
the Pink Mink, and the White Mink, and Protea grandiceps, the
Princess Protea, also have exciting possibilities.

Heliconias, gingers and ti leaves provide livelihood for some
of our growers. Also, potted flowering plants such as chrysan-

themums, poinsettias, bougainvilleas and azaleas are produced
for local sales.

FOLIAGE PLANTS

Foliage plants appear to offer tremendous potentials for our
~ export market. New and expanded developments are in evidence.
~ Expansion of plantings for stock material, construction of green-
"houses to produce certified plants, improvement in mass propa-
'gation, and development of artificial soil mixes have been receiv-
ing appropriate attention. The ti, Cordyline terminalis, both nor-
mal size and dwarf, dracaenas, dieffenbachias and dwarf bras-

36



saia are but a few of the many tropical ornamentals which can
be exploited.

LANDSCAPING AND TURF

Turt and landscape services are integral parts of the or-
namental industries, but their actual monetary value is difficult
to assess. Both of these areas are expanding rapidly, for they are
closely related to urban and resort developments, and im-
provements of parks and recreation facilities. Also, they are in
complete consonance with our national efforts to enhance our
environment.

CONCLUSION

The ornamental industries of Hawaii are now undergoing
rapid evolution and expansion. They are evolving from essentially
hobby, backyard and family operations to large-scale commercial
enterprises, and are beginning to attract young men and new
capital. The recent announcements of the establishment of the
Kohala Nurseries and Orchids Pacifica at Kohala on the island of
Hawail are positive signs of the viability of ornamental hor-
ticulture. We can certainly look forward with optimism to the
growth of the ornamental industries, and hope that the 1989 goal
of 76-million-dollar ornamental industries set in the State
Agricultural Plan will become a reality.

BOB WARNER: Thank you very much, Dr. Kamemoto; that
was excellent. I am going to call next on another Oahu-born
Hawaiian. He got his Bachelors and Masters degrees in plant
physiology at the University of Hawaii. He grew up with the
macadamia industry at the Royal Macadamia Hawaiian Nut
Company and worked later at the C. Brewers Hawaiian Or-
chards. In recent years he has been with the College of Tropical
Agriculture, working with nutrition and pollination of macadamia
as well as on mechanical harvesting of guavas. He is a
~resourceful and enthusiastic horticulturist and is going to speak
on “Hawaii — Land of Exotic Fruits.” Gordon Shigeura. Gordon:
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HAWAII, LAND OF EXOTIC FRUITS AND NUTS
GORDON T. SHIGEURA

Beaumont Agricultural Research Center
Hawaii Agricultural Experiment Station
University of Hawaii
Hilo, Hawaii

INTRODUCTION

Most visitors to the Islands do not realize the Hawaiian
Islands are made up of a series of islands in the North Pacific
anchored in the southwest by our Big Island (Hawaii) and ex-
tending 2000 miles in the northwesterly direction toward Japan
with Wake Island at the very tip of the chain. Excepting for the
12 major islands in the southwestern end of this chain and in the
vicinity of Honolulu, the other islands are coral atolls, reefs or
sand bars on top of volcanic mountain peaks arising from the
ocean floor.

Unlike the shifting land masses of Europe, Africa, and the
Eastern Americas drifting apart in the Atlantic Ocean, the ocean
floor of the Pacific has been relatively stable for millions of
vears. Thus, the volcanically created Hawaiian Islands have been
isolated from the greater land masses of Asia and the Americas
for millions of years. This isolation resulted in an endemic plant
population in Hawaii found nowhere else in the world. More than
85%0 of the plant species found in Hawaii are endemic. Others
came to these shores in pre-historic time either floating on the
surface of the ocean, carried by migrating birds, or were wind-
blown. GStill others were brought in as food by the seafaring
Polynesians as they emigrated to these shores, and by later
explorers and adventurers who came since Captain Cook
discovered the islands in 1779. One of the most prominent hor-
ticulturists during this time was Don Francisco de paula Marin,
who settled in the islands in 1791. Unfortunately, in spite of the
huge population of endemic plant species, there is no endemic
fruit or nut species in Hawaii which is commercially important.
The early Hawaiians brought in with them edible crops like taro,
breadiruit, coconut, banana, sweet potato, sugar cane, papaya and
kukui nut. Don Marin is given credit for having introduced,
among other things, coffee, guava, pineapple, avocado, tamarind,
mango, and cactus (panini). The Kona orange was introduced in
1792 to the Kona area of Hawaii. During the ‘““Gold Rush” in
Calitfornia, the Kona oranges were even exported to California.
The Chinese brought the litchi in 1873 and the macadamia was
introduced by the Jordan brothers in 1888 from Australia.

The following list gives the common and scientific names and
the source of origin of some fruits and nuts grown in Hawaii, and
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are categorized as:
backyard crops; III.

Common name

. Plantation crops; II.

Semi-commercial or

Endemic plants; and IV. Other exotics.

Scientific name

Source

I.

Il

[1I.

IV.

Plantation Crops —

1. Avocado
2. Banana
3. Citrus
a) Grapefruit
b} Lemon
c) Lime
d) Orange
e] Tangerine
. Coftee
. Guava
. Macadamia
. Papaya
. Passion fruit
. Pineapple

O o~ O

Persea americana
Musa sp.

Citrus paradisii
Citrus limon
Citrus aurantifolia
Citrus sinensis
Citrus reticulata
Coffea arabica
Psidium guajava
Macadamia integrifolia
Carica papaya
Passiflora edulis
Ananas comosus

Semi-commercial or backyard crops —

1. Breadfruit

o

. Cherimoya
. Coconut

2

. Litchi
. Mango
. Methley plum

. Persiminon
. Poha

Endemic fruits —

1. ‘Akala (berry)
‘Akala
2, ‘Ohelo (berry)

Other exotics —

. Barbados cherry
. Blackberry

. Cacao [Cocoa)

. Cactus

- Carambola

. Cashew

. Egg fruit

. Fig

. Grape

. Hala

O~ O WL

ok
OO~ WU W=

11. Jabhoticaba

12. Jak fruit
13. Java plum

14. Kukui

15. Loquat

16. Guiana chestnut
17. Mangosieen

18. Monstera

Artocarpus incisus
[A. altilus]

Annona cherimola

Cocos nucifera

Litchi chinensis
Mangifera indica
Prunus cerasifera
Diospyros kaki
Physalis peruviana

Rubus hawaiienis
Rubus macrael
Vaccinium reticulatum

Malpighia glabra
Rubus sp.
Theobroma cacao
Opuntia megacantha
Averrhoa carambola

Anacardium occidentale

L.ucuma nervosa
Ficus carica
Vitis sp.

Pandanus odoratissimus

Eugenia cauliflora

Artocarpus heterophyllus

Eugenia cuminii
Aleurites moluccana
Eriobotrya japonica
Pachira aquatica
Garcinia mangostana
Monstera deliciosa
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Trop. America

Trop. America
S. E. Asia

Trop. Africa
Trop. America
Australia
Trop. America
America
Brazil ~

Malaysia

Trop. America
Shores of

the Indian Ocean
S. China
India
S. Africa
E. Asia
S. America

Hawaii
Hawaii
Hawaii

Central America

S. E. Asia

Trop. regions

Mexico

Malaysia

Trop. America

South America -

Asia Minor, S. W,

S. E. Europe to India

Isles of Pacific,
Australia, 5. Asia

India, Malaya -

S. India, Malaysia

India, Malaya -

Malaysia

Central China

Trop. S. America

Malaya

Central America



~ 19. Mountain apple Fugenia malaccensis India, Malaya -

20. Mulberry Morus nigra Asia Minor, Persia
21. Naranjilla Solanum quitoense Trop. &
temperate regions
22. Rose apple Fugenia jambos India, Malaya ~
23. Roselle Hibiscus sabdariffa Trop. America
24. Sapodilla, chicle Achras zapota Central America -
25. Soursop Annona muricata Trop. America
26. Strawberry Fragaria sp. Europe
27. Strawberry guava Psidium cattleianum Brazil
28. Surinam cherry Eugenia uniflora India Malaya
29, Tamarind Tamarindus indica Trop. Africa,
Trop. Asia
30. Watermelon Citrullus vulgaris Trop. Africa

MODERATOR WARNER: Thank you very much. Our last
speaker this morning will be Dr. William S. Stewart. He has a
PhD trom Cal Tech as a plant physiologist. He has worked as a
plant physiologist in a number of areas in citrus and has spent
three years here in Hawaii with the Pineapple Research Institute.
He was called back to Riverside to be chairman of the Hor-
ticulture Department in the U. C. Citrus Experiment Station. Later
he was Director of the Los Angeles City and County Arboretum.
He is now Director of the Pacific Tropical Botanic Garden in

Kauai. Today he is going to share some of his experiences with
us.

TROPICAL PLANTS ADAPTABLE TO MAINLAND LANDSCAPES
WILLIAM 5. STEWART

Pacific Tropical Botanical Garden
Lawai, Kauai, Hawaii

As you will discover here in Hawaii, the ‘“‘tropics’’ are not
always just hot, humid, lands that abound in luxuriant
vegetation, as in lowland equatorial rain forests, but may have a
wide range of climates. For example, there are large areas
within the tropics that are deserts with desert plants or, at
higher elevations with temperate climates and dry forests; and,
going still higher, areas with winter snow, alpine plants and,
here in Hawaii, even skiing on Mauna Kea on the island of
Hawaii.

In Hawaii, the 50th state of our United States, all of these
conditions are represented and all are conveniently accessible.
For these reasons it is important to recognize the climatic zone
within the tropics where a plant is growing to evaluate where on
the mainland it might be adaptable. On the mainland under
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indoor or conservatory conditions almost any tropical species can
be grown if ingenuity is used to modily the environment. An
excellent reference for this field of work is Exotica 3, ‘“A Guide to
Care of Tropical Plants Indoors.”

The greatest success outdoors on the mainland with tropical
plants will occur when they are grown under conditions that are
most similar to their habitat in the tropics (4, 5, 6). This means
that the subtropical, mainland, areas offer the most favorable
conditions. There can be many surprises as to the adaptability of
tropical plants for outdoor mainland gardening and, rather than
theorize — if there is no prior information — it is wise to make a
test planting. As you all know, even within your own small
garden or yard there are many microclimates.

Lists of tropical plants adaptable to mainland outdoor land-
scapes are available in the landscape horticultural literature.
One of the most useful of these is Hoyt’'s ‘‘Reference Handbook of
Check Lists for Ornamental Plants of Subtropical Regions’ (3).
Here are listed — for ““Tropical Effects’” — 33 species of trees,
48 different kinds of shrubs, 28 vines, and 55 herbaceous plants.
He also lists tropical plants for humid regions on the mainland
as, for example, the gulf coast and bayou areas with high water
tables — and another category is designated, ‘‘Borderline
South.” His opening sentence to these lists states, ‘“This is where
one approaches the tropics to find scant literature — and less
instruction — in an almost untouched field of ornamental hor-
ticulture”; and later he says: ‘“These tropical plants, as used
northerly into subtropical regions, should not be hurried out of
the unaccustomed winter chill. Do not fertilize or otherwise
stimulate them until late spring or early summer — wait for some
sign of interest.”

Another source of information for tropical plants in sub-
tropical regions is ‘‘Sunset Magazine'’ and the “Western Garden
Book” by the editors of Sunset Magazine. The yearly indexes to
Sunset Magazine have one section on ‘‘Subtropical and Tropical
Plants.”” Their garden book names 67 plants with ‘‘dramatic
leaves” to add a tropical feeling to the garden.

Most of the tropical plants cited in both Hoyt and the Sunset
books for mainland landscapes are found around the world
throughout the low, humid tropics. These are, to mention a
few: palms, Brassaia, Papaya, Ficus, Strelitzia, Dracaena,
Erythrina, banana, bamboo, Gunnera, Cycas, Hibiscus, Ixora,
Tetrapanax, Macadamia, Plumeria, Thevetia, Tibouchina,
Beaumontia, Bougainvillea, Monstera, Fatshedera, Hoya,
Philodendron, Petrea, and such herbaceous material as An-
thurium, Begonia, Clivia, Kalanchoe, Peperomia, Sansevieria,
Spathophyllum, and so on — and, of course orchids. Species of
most of these genera are available from nurseries.
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Many of these tropicals lend themselves to bonsai and, as
container plants, create much interest in addition to the more
traditional temperate climate bonsai plants (8).

In addition to these more common, usual, ‘‘pan-tropical”
species there are, however, some plants of our native Hawaiian
flora that are absolutely unique and which have never been used
in mainland subtropical landscaping. First a little background
about our native plants.

Because of the isolation of the Hawaiian Islands by vast
ocean areas many of those plants that finally made their way and
established themselves here in the early times found an area
ideally suited to their growth. Lacking their former natural
enemies, some of the characteristics required for survival in their
original environment were unnecessary. Other features gave the
plants survival advantages in Hawaii and were preserved by
natural selection while certain mainland characteristics, such as
thorniness, were reduced or eliminated altogether. The Hawaiian
tflora presents a veritable laboratory for seeing evolution in action
with the expression and survival of new, unique, species found
nowhere else in the world. These are called endemic species. Dr.
Harold St. John in his forthcoming book, ‘‘List and Summary of
the Flowering Plants of the Hawaiian Island’, being published by
the Pacific Tropical Botanical Garden (7), points out that en-
demism in the 2,600 native species is 97.3%! The exotic flora
(introduced plants) adds 5,000 species for a total count of 7,600
kinds of plants in the relatively small area that is Hawaii.

Growing these plants on the mainland must be considered as
experimental. However, eleven different Hawaiian native plant
species have been reported by Sherwin Carlquist (2) in the
Pacific Tropical Botanical Garden’s Bulletin, Vo. II, No. 3, as
having been successfully grown in California.

Among many of the Hawaiian plants I suggest as worthy of
trial plantings on the mainland are the following:

1. Metrosideros collina subsp. polymorpha. For mainland
subtropical landscapes where soil is on the acid side
Metrosideros collina subsp. polymorpha may be an
interesting addition. In Hawaii it is known as ohia-lehua,
or Lehua. It is found on all of the islands between
elevations of 1000 to 9000 feet. It is extremely variable
as recognized by its botanical name, polymorpha. On the
island of Hawaii it may be seen as trees nearly 100 feet
tall while in the Alakai Swamp on Kauai small plants
bloom that are only 10 inches high. In addition to the
conspicuous flowers with brilliant red stamens, the
young leaves also are an attractive reddish color. The
‘ohia-lehua’ is well-known in Hawaiian songs, legends,
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and mythology. Very appropriately the Hawaiians made
the red ‘chia-lehua’ groves sacred to Pele, goddess of
volcanoes. One other story about ‘ohia-lehua’ is that if
the flower is plucked on the way to the mountains it will
rain. This is a fairly safe bet since in many areas where
the ‘ohia-lehua’ grows it rains very frequently.

2. Freycinetia arborea. The ‘ie’ie (its Hawaiian name) is a
strong climbing plant with branches every several feet.
Each lateral terminates in leaf clusters with the leaves
being about an inch wide to three feet long. From the
center of each cluster a gaudy scarlet red inflorescence
is formed up to six or seven inches in diameter. ‘Ie’ie is
found at elevations up to 3500 feet and was considered a
sacred plant by the early Hawaiians. They tell the
following story: Laukaieie (leaf of the ‘ie’ie ), was a
beautiful maiden cared for by the goddess Hina.
Laukaieie was given to a lonely couple, and her
playmates and servants were the birds and flowers. She
married a bird man, and soon the time came for her to
change form. Her eyes tlashed fire, leaves sprouted on
her tender body, and her husband carried her to the
woods with the words, ‘“You cannot stand alone. Climb
trees! Twine your long leaves around them. Let your
blazing red flowers shine between the leaves like eyes of
fire! Give your beauty to all the ‘ohi’'a trees of the
forest.” And so the maiden became the ‘ie’ie vine(5).

3. Acacia koa. Koa is one of the most common of the
Hawaiian forest trees. Probably depending on both its
environment and genetic strains it may be a tall
monarch of the forest as on the island of Hawaii where
at elevations of 1500 to 4000 feet it may be over 50 feet
in height: or in other less favorable sites, it may be a
twisting smaller tree to twenty feet whose branches torm
an eye intriguing, intricate pattern. It is this latter form
that may be of particular interest for mainland land-
scaping, as it would provide another source for a
contrast in stem texture and pattern. The so-called
‘“leaves’ (actually broad petioles functioning as leaves]
are smooth, stiff, and have an interesting crescent or
sickle shape. The flowers are small puff balls of pale
yellow and are not spectacular. It is the intricate growth
habit of the stems that make this species a candidate tor
mainland landscape test planting. It also is fairly
drought resistant. Koa may be propagated readily by
seed.

4. Erythrina sandwicensis. The coral tree or flame tree is
found in the drier parts of nearly all of the islands. Most
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other species of this genus have red flowers; the
Hawaiian species, however, is unique in having flowers
varying by tree to tree from a chartreuse green to
orange. It is readily propagated by seed or cuttings. The
Hawaiian name for this tree is wiliwili, so the harbor on
Kauai named Nawiliwili means ‘‘the Erythrinas.”

. Kokia kauaienis. This tree at flowering time is very
spectacular with its brilliant canopy of orange-red
blooms borne at the branch tips. It is usually in full
bloom in June or July and, if it proves hardy on the
mainland, would offer real horticultural possibilities. It
is closely related to the hibiscus being a member of the
Malvaceae. It is found only on Kauai and even there is
not very abundant. It is propagated by seed.

. Hibiscus rockii. A potential hibiscus ground cover
seldom seen as growing much above 2 1/2 feet in height
and, when grown on banks, it is usually much lower and
more prostrate. Flowers are a clear lemon vyellow. This
is one of the 300 endangered native species and is from
Kauai. Hibiscus is the official state flower of Hawaii.

. Hibiscus waimeae. On Kauai, where this is a vigorous
grower, there are some very old plants with main stems
or “‘trunks’ ten to twelve inches or more in diameter. It
grows in the wild at about 3,500 feet elevation. At sea
level in gardens on Kauai it produces large shrubs in a
short time. In addition to the red staminodal column
contrasting with the pure white petals, one of the very
nice features of this hibiscus is the delightful fragrance
of its flowers. The perfume is not as strong as gardenia
or plumeria but is most pleasant.

. Hibiscus saintjohnianus. The special orange color of the
petals of this medium-sized flower is its particular
feature. It does not seem to grow as vigorously as
Hibiscus waimeae but possibly may be more drought
tolerant. On Kauai it grows at an elevation of about
1,800 feet on a ridge west of Kokee in a raintall area of
about 25 inches per year.

. Dianella sandwicensis. If this botanical name for an
endemic species bothers you, you may prefer the
Hawaiian name of ‘uki'uki. The interesting feature of
this tairly hardy, grass-leaved member of the lily family
is the conspicuous bright blue berries which once were
used by the Hawaiians to dye tapa. In growth habit it
may be suggestive ot a two to three foot high version of
Mondo grass [Ophiopogon japonicus] although the leaves
are not as dark green.
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10. Wilkesia gymnoxiphium, or if you prefer the Hawaiian
name — iliau. It is closely related to the famous
silversword plant [Argyroxiphium sandwicense] of
Haleakala. It also is a member of the Compositae family
and quite closely related to the tarweeds of California.
The interesting story of evolution of the silverswords
and their relatives is given in Carlquist’s tascinating
book, ‘““Hawaii, A Natural History” (1). While silver-
swords and greenswords are found only on Maui and
Hawaii, their counterpart — the iliau, is found only on
Kauai. It grows as a perennial and is suggested for
mainland landscapes as it is found in the drier portions
of Kauai. It has a curious growth habit with a rosette of
green, almost sword-like, leaves at the top of a spear-
like stem extending above the surrounding vegetation.
Then the flower stalk grows out of the rosette and, in
appearance, resembles that of yucca but with yellow
flowers instead of white. It has been grown successfully
from seeds in gardens on Kauai and in Santa Barbara.

Another iliau species, more recently discovered, is
Wilkesia hobdyi. It, too, has particular landscape
potential. It is almost as if it were a scaled-down version
of the iliau so that instead of a stem 3 to 4 feet in height,
with a tlower stalk of about three feet, this new species
of iliau has a shorter branching stem of about 2 feet and
a flower stalk of another two feet. No garden experience
has been obtained with Wilkesia hobdyi but it seems to
me it has as much interest for mainland gardening as
the larger iliau. Both of these species offer a new
dimension for landscaping.

In summation: There are many tropical plants adaptable to
subtropical mainland landscaping, particularly if special micro-
climatic locations are sought for their culture. References to lists
of these tropical plants are given. In addition, ten of the many
native Hawaiian plants with horticultural potential are suggested
for trial plantings. The native flora as yet has not been used for
mainland landscaping and offers real possibilities for exciting
new landscaping materials. Horticultural interest in the native
flora also will serve to make laymen and plantsmen alike aware
of these treasures of Hawaii and should help to preserve many ot
the nearly 300 endangered species of our rare and fragile native
Hawaiian flora.

I would now like to show you a brief film that will give you a
feeling for some of the more remote and seldom seen areas on
Kauai where the native plants just mentioned are found growing.
Kauai also is the location of the main garden of the Pacific Trop-
ical Botanical Garden.
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MODERATOR WARNER: We certainly appreciate your talk,
Bill. Thank you very much.

Saturday Morning Session, August 11, 1973

GEORGE OKI: I think one of the most fascinating things
about plant propagation is the subject of tissue culture. In 1967 I
had the pleasure of visiting Hawaii and the University of Hawaii’s
Plant Science Department and had the occasion to go through
their tissue culture laboratory and I was immensely impressed.
Ot all the things happening in our world today, I think this is one
of the most fascinating subjects.

It is my pleasure at this time to introduce Richard Maire, our
past President, who will be moderator for this session on tissue
culture. Dick:

RICHARD MAIRE: Thank you, George. The speakers that
we're going to have in this session are outstanding in the field of
propagation. I remember one of the first IPPS meetings that I

attended fascinated me the most. I have never forgotten a talk by
Dr. Nitsch from Paris on tissue culture. At that time it seemed
almost like something in the Twenty-first century, way beyond
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our possible realm of using. Now we have within the group at the
University of California at Riverside, one of the leading educators
and research people in the field of tissue culture, Dr. Toshio
Murashige. Toshio has been on the UC campus at Riverside since
1964. He came there from the University of Hawaii. Tosh, you
have held tissue culture seminars and lectures for the nur-
serymen and many of them are practicing tissue culture in their
own labs and nurseries: this is all due to yvour fine work, so come
on up and tell us about what is new in tissue culture.?

I Dr. Toshio Murashige and Ms. Jeanne Jones, U.C. Staff Research Associate, dis-
cussed their work in the field of tissue culture.

TISSUE CULTURE OF BROMELIADS1
MARION O. MAPES

Agronomy and Soil Science Department
University of Hawaii, Honolulu, Hawaii 96822

Abstract. Numerous pineapple [Ananas comosus (L.) Merr. variety Smooth
Cayenne] plantlets and protocorm-like bodies were produced from shoot tips
when a combination of orchid shoot tip technique and callus method for organo-
genesis was applied sequentially and in correct order. Initially, explants from
shoot tip, stem and root tips failed to grow in 42 different media. Meristematic
protocorm-like bodies and plantlets were produced from pre-shaken shoot tip
cultures in Murashige and Skoog’s basal medium plus adenosine, 30 ppm, or
adenine, 20 ppm. Ornamental bromeliads were more recalcitrant in culture, but,
with slight modifications of cultural media, the same procedures appeared ap-
plicable. Portea petropolipana and Guzmania sp. have shown positive response
and a wild pineapple, Ananas erectifolius, L.B. Smith has produced several lat-
eral shoots and protocorm-like bodies.

REVIEW OF LITERATURE

The bromeliads, in recent years, have gained popularity as
indoor and rock garden ornamentals. They range in appearance
from the dull gray Tillandsia usneoides (Spanish moss of
Florida) to the brilliantly colored flowering aechmeas, billbergias
and vriesias. They belong to the pineapple family, Bromeliaceae.

In most bromeliaceous plants, seeds are produced when
pollinated but among the best horticultural wvarieties, only 1 or
2% of the seedlings come true {observations forwarded by
Howard Yamamoto, Honolulu bromeliad nurseryman). Then there

are other plants like the commercial pinneapple (Ananas

. Published with the approval of the Director of the Hawaii Agricultural Experi-
ment Station as Journal Series No. 1676.
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comosus] which do not form seeds. Asexual propagation is by
lateral (axillary) shoots or offsets which develop on the stem
below the inflorescence axis but these are sometimes limited in
number to only a single lateral shoot per plant. The pineapple is
unusual in that it produces several planting materials including
the crown, which surmounts the fruit, and lateral shoots called
the slip, hapa and sucker, depending on their position on the
stem. Multi-propagation on a commercial scale is made from
stump sections, based on early works of Walters (1932),
MacLuskie {1939), Skoog (1939 unpublished data) and Siu (1941),
and from stem-leaf base techniques subsequently developed by
researchers H. Clark, B. Krauss and K. Kerns of the Pineapple
Research Institute of Hawaii (unpublished data). Both procedures
depend on stimulating the lateral -bud, which normally lies
dormant at the axil of a leaf, to grow and develop into a shoot.
The maximum number of shoots obtained by these methods was
80 per plant (Kerns, unpublished data}. When numerous plants of
desirable quality are needed, therefore, the utilization of the
tissue culture technique appears highly advantageous. Its role in
plant multiplication is well known. -

Since the principles and aseptic procedures of culturing plant
tissues and organs for proliferation of new tissues and
organogenesis have been reported earlier to this Society by
Murashige (5) and Marston (2), only a briet description of the
procedures adapted for culturing bromeliaceous plants will be
given.

MATERIALS AND METHODS

Preliminary cultural tests were carried out on September 6,
1970, with 12 rooted crowns of pineapple, Ananas comosus (L.}
Merr., cv. Smooth Cayenne. Each crown was cut into longitudinal
halves, and the shoot apex, the subapical stem tissues, and root
tips were cultured aseptically into 26 ditferent media, as shown
in Table 1. Solid media of Murashige and Skoog’'s (6) basal
medium (M) and White’s (13) basal medium (W) were used with
the addition of growth promoting substances to induce callus
formation in the tissues. Treatments 1 and 2, as shown, were
inoculated with duplicate halves from crown No. 1. Treatments 3
and 4 were from crown #2, etc. Crown No. 12, however, was cut
longitudinally twice (quartered) so that 4 shoot tip regions, 4 stem
tissues and root tips were available for culturing (Treatments 23-
26). The media were poured into the snap-on type of Falcon
plastic dishes and one each of the three culturing materials

mentioned above was placed on each plate.

After 10 weeks (November 16, 1970) when none of the tissues
showed signs of new growth or callus formation, the shoot tip
tissues were transferred to other media (shown in Table 2]
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Table 1. Growth of pineapple explants from crown shoot tip, sub-apical stem
tissue, and root tips in Falcon agar plates with two basal media and
growth regulators, with (30 ppm) and without adenosine.

Source: Results

Treatment Crown Cultural after

No No. material Culture Media 10 weeks

] ] Shoot tip, M 4+ CM 109, (V/V)=MCM No further

2 ] stem and W o+ CM 109 (V/V=MCM growth n all

3 2 root tip MCM J- NAA 25 ppm treatments.

4 2 on cach WCM 4 NAA 25 ppm Explant

5 3 treatment MCM +— NAA 5.0 surface

0O 3 medium WCM 1+ NAA 70 brown,

7 4 MCM - IAA 5 internal

8 4 WCM 4+ TAA 5 tissucs

0 D MCM 4 24-D 2.5 white.

10 h WCM 4 24-D 2.5 Roots

11 6 MCM + 24-D 5.0 white.

12 ¢ WCM - 24-D 5.0

13 7 Treatment 1 4 adenosine

14 7 Treatment 2 1 adenosine

15 8 Treatment 3 -+ adenosine

16 8 Treatment 4 -~ adenosine

17 9 Treatment 5 -+ adenosine

18 9 Trcatment 6 -~ adenosine

19 10 Treatment 7 adenosine

20 10 Treatment 8 adenosine

21 11 Treatment 9 L adenosine

22 11 Treatment 10 4~ adenosine

23 12 Treatment 11 L adenosine

24 12 Treatment 12 4L adenosine

25 12 MCM L 24D 5 ppm 4 adenosine

26 12 MCM 4 24-D 5 ppm -+ adenine

Abbreviations used: Basal media M = Murashige and Skoog’s;: W = White’s.
IAA = indoleacetic acid; NAA = naphthaleneacetic acid:

2, 4-D = 2, 4-dichlorophenoxyacetic acid; ppm = parts per million.

pH of basal media: pH 5.8.

chiefly to induce shoot tormation with kinetin or callus formation
with coconut milk and 2,4-dichlorophenoxyacetic acid (2,4-D).
Both M and W basal media were used and compared. After 2
months lateral shoots appeared in three of the treatments (No.s
29, 34 and 50, indicated with asterisks in Table 2). Two of the
treatments (29 and 34) contained kinetin at 10 ppm and one (34)
contained, in addition, an auxin, naphthalene-acetic acid (NAA),
at 2.5 ppm. Treatment 50 contained coconut milk, 10% by
volume, + 2,4-D, 5 ppm + adenine, 20 ppm. The development of
the shoots in these media might have been due to chance only or
to other factors including the stage of development of bud
primordia at transfer, sequential eftects from prior treatment (10),
etc., but the significant fact was that these buds did emerge and
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Table 2. Subcultures of pineapple shoot tip tissues from Falcon agar plates

(Table 1]).
Treatment .
No. Sottrce Culture Media Results
27 Trt 1 (Table 1) M basal medium =M No further
28 Tht 2 (Table 1) W basal medium =W
*29 Tie 3 (Table I) M 4 kinctin 10 ppm growth
30 The 4 (Table 1) W . kinctin 10 ppm
31 Tt 5 (Table 1) M 4+ Kkinctin 20 except in
32 Tht 6 (Table 1) W - Kinctin 20
33 Tre 7 (Table 1) M 4 kin. [0 NAA 25ppm treatments

* 34 Trt 8 (Table 1) W - kin. 10} 4- NAA 2.5ppm

35 Tit 9 (Table 1) M 4+ Kin. 10 4+ NAA 5.0 29, 34 and
36 Tat 10 (Table 1) W 4 kin. 10 + NAA 5.0

37 Tht 11 (Table 1) M kin. 20 4+ NAA 25 50 with
38 Trt 12 (Table 1) M 4 kin 10 4 adenosine

39 Tit 13 (Table 1) W 4+ kin. 10 4 adenosine lateral

4() Tre 14 (Table 1) M 4 kin. - NAA 2.5 adenosinge

41 Trt 15 (Table 1) W 4 kin. + NAA 25 adenosine buds

12 Trt 17 (Table 1) M 4+ kin. 4+ NAA 5.0 4 adcnosine

43 Tre 19 (Table I) MCM 4 24-D 5 4 adenine

44 Trt 20 (Table 1) MCM + 24-D 5 -} adenine

D
45 Trt 21 (Table 1) WCM 24-D 2
46 Tre 22 (Table 1) MCM - 24-D 5
47 Tre 23 (Table 1) WCM + 24-D 5
48 Trt 24 (Table 1) MCM 4+ 24D 5.0 4 adenosine
49 Trt 25 (Table 1) MCM + 24D 5.0 4 adenosinc
* 50 Trt 26 (Table 1) MCM + 24-D 5.00 + adenine

4 adenosine
-+ adenosine

D
I-O
0 4+ adenosine

* Emergence of lateral bud in culture.
See Table 1 for the explanation of abbreviations.

When these aseptically grown shoots became available for
study, a switch to an approach used in orchid culture and termed
“mericloning” (3, 4, 14) seemed appropriate. One ot the shoots,
however, was first transferred to M <+ coconut milk, 10% by
volume, agar medium (MCM). It continued to grow to a size
suitable for transplanting into soil and greenhouse conditions. No
lateral shoots or calluses were formed and thus there was no
increase in plant number. The two remaining shoots were treated
like orchid shoot tips, employing the method described by
Sagawa, et al. (7). They were cultured in moditied Knudson’s
liquid medium which was supplemented with coconut milk, 209
by volume, and adenine, 20 ppm (designated KCM20). The
medium was prepared in 50 ml. Erlenmevyer flasks with 15 ml. of
the medium in each flask. The itlasks were shaken on a
gyrorotary shaker under continous light for several weeks. One ot
the shoots was lost from bacterial contamination; the remaining
shoot tip culture from Treatment 50 responded remarkably well.
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RESULTS

A typical nodular growth associated with orchid shoot tip
cultures appeared on the cut end of the shoot in 8 weeks while on
the shaker. The shoot tip was then transferred to an agar tube of
M + adenosine, 30 ppm. A medium with coconut milk was
avoided since ° was good for plant growth but not for callus
formation in p:.no apple tissues. Adenosine was found to be
beneficial in growi.ig several of the cultures under study. For-
tunately, this medium helped to trigger off the production of
meristematic globular bodies (Fig. 1) which were reminiscent of
protocorms in orchid cultures. Each globular body, here termed a
protocorm-like body, contained a shoot apex which subsequently
developed into a shoot. Numerous plantlets developed in the older
part of the culture while the meristematic protocorm-like bodies
were formed at the advancing margins. Pineapple plantlets in
various stages of development are shown in Figures 2 and 3.

In recent studies, adenine, 20 ppm, was substituted {for
adenosine and produced similar results (Fig. 4).

Some of the protocorm-like meristematic cultures were
transferred to various liquid media in T-shaped tubes and rotated
at 1 rpm, as carried out by Dr. F. C. Steward and associates at
Cornell University (11). Abundant plantlets were obtained in a
liquid medium of Schenk and Hildebrandt (9) and in modified
basal medium of Murashige and Skoog. Eifects of pH, sucrose
concentrations and growth regulators are under study.

When it appeared feasible to produce numerous pineapple
plantlets in culture, the ornamental bromeliads were also tried
but with limited success. The recalcitrant ornamental bromeliad
tissues seem to require additional stimulants for growth. The
cultures under investigation are: Viesia spp., Neoregelia hybrid,
Aechmea racine and Guzmania sp. from H. Yamamoto and
Ananas erectifolius (a wild pineapple), Portea petropolipana and
Bromelia sp. from Pineapple Research Institute of Hawaii. Portea
and Guzmania cultures look promising with positive response in
modified Knudson’s medium with 20% coconut milk and adenine.
Ananas erectifolius is further along with several lateral buds
(Fig. 5) and protocorm-like bodies in culture.

SUMMARY

Based on the results with pineapple cultures, a {feasible
procedure for culturing and multiplying bromeliaceous plants is a
combination of the orchid shoot tip technique and the callus
method, applied sequentially and in correct sequence. After prior
shaking in a liquid medium, the shoot tip cultures are grown on a
medium which stimulates the induction and growth of protocorm-
like bodies and subsequent development into plantlets. Cloning of
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Figure 1. Growth of callus-like tissues and protocorm-like bodies in pineapple on
Murashige and Skoog’s basal medium plus adenosine, 30 ppm.

Figure 2. Growth of protocorm-like bodies and subsequent development of shoots
and pineapple plantlets in Murashige and Skoog’s solid basal medium
plus adenosine, 30 ppm, after 2 months.
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Figure 3. The pineapple culture in Fig. 2 at higher magnification to show the
protocorm-like bodies and early stages of shoot development.

Figure 4. Profuse growth of pineapple plantlets and protocorm-like bodies in
Murashige and Skoog's solid basal medium plus adenine, 20 ppm,
after 3 months.
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Figure 5. Shoot tip culture of Ananas erectifolius showing two lateral buds and a
callus-like growth formed laterally across the stem. One of the shoots

on the back was removed prior to photographing. Age 3 months in cul-
ture.

desirable, high quality plants in great numbers should be
possible.
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VICE-PRESIDENT OKI: Thank you, Marion, and thank you,

Dick, tor a good job of moderating. Going on now to the second
part of this morning’s program we are going to change modera-
tors. Edsal Wood, would you please take over now?

MODERATOR WOOD: Our first speaker in the second half

ol this morning’s session graduated from the University of British
Columbia about 16 years ago in plant science and then started a
nursery business with his father. They are general ornamental
growers, with many species and varieties, but their specialty is
in propagation of plant liners. Les Clay:
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PROPAGATION OF DOGWOODS BY CUTTINGS
LESLIE K. C. CLAY

Les Clay & Son Ltd.
Langley, B.C. Canada

Last year, as many of you may remember, I spoke generally on
the propagation of dogwood. ‘This year I intend to limit my
comments solely to the propagation of dogwood by cuttings.

With all species of dogwood, we take the cuttings in late June
and early July. The cuttings are placed in flats in a medium of V4
sand, V3 peat moss, and Y3 coarse perlite. Several flats of cut-

tings were prepared with medium of pure washed concrete sand.
These, however, did not root nearly as well as those in our stan-
dard mixture. The cuttings are taken only from the current
season’s growth. In the case of Cornus alba, and varieties, if the
growth is long enough, cuttings from secondary growth may be
used. With Cornus florida and its cultivars and Cornus kousa
only tip cuttings are used. The cutting length is four to six in-
ches and the lower leaves are removed. Following removal of
leaves, cuttings of Cornus florida and varieties, and Cornus kousa
are given a wound of %2 to 3% inch in length. The cuttings are
then given various hormone treatments prior to placing in the
rooting medium. Generally 96 to 120 cuttings are placed in each
flat dependent on the size of the cuttings. Prior to setting, cut-
tings of Cornus alba and Cornus stolonifera varieties are given a
hormone treatment of Seradix No. 2 powder (0.3% IBA). Several
flats were given a treatment of No. 2 Seradix plus Benlate. The
Benlate was added to the hormone powder at the rate of one
ounce Benlate to ten ounces hormone powder. Following treat-
ment, cuttings are placed over bottom heat at 72°F. and under in-
termittent mist controlled by a moisture leaf. The cuttings are
usually well rooted within a three week period. They may then
be hardened off and left in the flat or potted. The potted cutting,
however, will develop to a larger size than those left in the flat.
Flats in which cuttings were allowed to remain over winter de-
veloped a considerable amount of damping off, while those
treated with a hormone and Benlate showed very little. With
Cornus florida and cultivars and Cornus kousa, we used Seradix
#3 (0.8% IBA), or Jiffty Grow diluted 1:5. In some cases the
Seradix #3 was mixed with Benlate as above. Where Jiffy Grow
was used, the cuttings were given a quick dip to the depth of the
wound. The rooting is slower than with Cornus alba, taking five
to six weeks. We have found once rooting has taken place it is
better to let these cuttings remain in the flat until after dormancy,
then pot prior to growth in the spring. In all cases, except where
Benlate was used, there was some incidence of damping off dur-
ing the rooting period. The use of Benlate also seemed to encour-
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age the development of a heavier root system. When we have
potted Cornus florida cultivars or of Cornus kousa prior to dor-
mancy, we seem to have trouble getting the potted liners to start
growth in the spring, while if potted after dormancy no such
trouble is encountered. A comparison of some of the results ob-
tained the last two years is shown in table 1.

Table 1. Rooting results obtained with cuttings of five species of Cornus during
1871 and 1972.

Culti v Cuttings Hormone Number Percent
uitivar “al'  prepared Treatment Rooted  Rooted
Cornus alba 1971 1,260 Seradix #2 1,230 97.7
‘Argenteo-marginata’ 1972 1,140 T 1,095 96.0
(‘Elegantissima’)

Cornus alba 1971 1,440 Seradix #2 1,394 96.8
‘Gouchaultii’ 1972 600 ” * 591 98.5
Cornus stolonifera 1971 300 Seradix #2 295 a98.3
‘Flaviramea’ 1972 420 & 402 95.7
Cornus florida 1971 290 ]J. G. 1:5 227 78.3
‘Rubra’ 1972 190 Seradix #3* 174 1.5
Cornus florida 1971 290 ]. G. 1:5 217 74.8
‘Cherokee Chief’ 1972 380 " 291 76.5
Cornus florida 1971 390 Seradix #3 264 67.7
‘Sweetwater’ 1972 190 " 122 64.2
Cornus kousa 1971 200 Seradix #3 109 54.5
1972 280 P * 182 65.0

*Seradix and Benlate (1 oz. Benlate to 10 oz. Seradix)

I think it is evident from the results shown above that, with-
out the addition of Benlate, the result of the two years were quite
consistent; however, the addition of Benlate to the hormone
powder improved rooting.

MODERATOR WOOD: After your cuttings were rooted you
say you didn’'t want to transplant them until after dormancy. How
much new growth had developed prior to transplanting when
they were dormant?

LES CLAY: With Cornus florida and C. kousa we found, after
rooting, very little initial top growth the first year.

MODERATOR WOOD: While they are in the tlat, before you
transplant them, but after they are rooted — you allow new
growth to develop, then they go dormant, then you transplant
them. Is there much new growth put on in the flat?

LLES CLAY: No — not much new growth in the flat. It seems if
we transplant prior to the cutting losing its leaves we have
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trouble making the buds break the next spring. But if the leaves
stay on and they remain in the flat until the leaves normally
drop, then there seems to be no trouble whatsoever.

MODERATOR WOOD: Bruce Briggs was born and raised in the
industry, in his father’s business of Brigg’s Nursery, Olympia,
Washington. Bruce is one of the most innovative people in our
industry. If there is anything around to try, Bruce is going to try
it. When anyone in the industry, whether it be in Oregon,
Washington, or any place else needs any help, all they have to do
is yell for help and Bruce is right there at the front of the line.
Bruce Briggs:

RESEARCH AT THE NURSERY LEVEL, II
BRUCE A. BRIGGS

Briggs Nursery
Olympia, Washington 98501

At the 1969 Eastern meeting, | gave a paper entitled, ‘“Re-
search at the Nursery Level”’(1) My talk today pursues some of
these ideas further and will be in a similar format (mostly slides
with some discussion and, hopefully, some questions at the end).

ROOTING IN AIR

We first constructed an air rooting chamber several years
ago as a teaching device and the basic structure was described
in the 1965 and 1966 IPPS Proceedings (2,3}). We have continued
using the chamber as a research tool because it offers a quick ob-
servation of the rooting progress without, in any way, disturbing
its continuance.

Rooting in the air chamber has always been poor in the late
fall and winter months. We have decided that this is not only a
temperature factor, but that light intensity is much more critical
with cuttings under these conditions than when they are struck
in a solid medium. This year, even in the long days during July,
when the tops were shaded 60%o, cuttings which rooted in seven
days in full light took over 14 days to root in the shade.

As mentioned in earlier articles, one factor which has needed
improvement in this air chamber is a safety provision, in case of
a power or water failure. An IPPS member in our area, Warren
Berg, used a tray of water under the cuttings to keep them moist.
We have been using this method, keeping the mist above and the
water-filled tray about an inch or so trom the bottom of the
cuttings, with the water heated by an electric cable to around 20
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to 27°C. With the cold mist on the tops of the cuttings and warm
water inside the chamber, the bases of the cuttings are kept
covered with moisture. If the temperature ot the water is raised
too high, it seems to cause a loss of tluids through the base of the

cuttings.

DISTILLED WATER FOR HORMONE DILUTIONS

How many times have you failed to achieve the same rooting
response, even though carefully following the prescribed
directions of another member? Timing (3), condition of stock
plants, rooting medium, calcium and other chemicals, light and
temperature are just a few of the variable and sometimes limiting
factors involved.

For example, we found at our nursery that the effect on a
cutting dipped in a 27°C hormone solution in the afternoon, could
be twice as great as on a similar cutting dipped in the same
hormone solution at 10°C in the morning! This effect becomes
even stronger as the temperature of the room rises along with the
temperature of the solution.

We have has some difficulty in getting clear rooting solutions
when testing new combinations of chemicals. Apparently the
slight mineral content of various water supplies can greatly affect
these dilutions. We finally found that we could produce clear
dissolved solutions with the use of either distilled or deionized
water. It has proved well worth the small extra expense to buy
the mineral-free water for this purpose.

A short note, while we are on the subject of rooting solutions:
when we used rutin (5) in the quick dip, our results were that it
retarded the rooting of the usually fast and easy-to-root items,
while it enhanced the rooting of the usually slow and hard-to-root
items.

CEDAR SAWDUST AS A ROOTING MEDIUM

Earlier discussions on the work of John Roller on direct rooting
in pine sawdust outside with Rainbird sprinklers was the basis
for additional work we continued along this line.

Years ago, we used a layer of any kind of sawdust on the
bottom of the flat underneath the other media, as we found that
many plants which were to be leftt in the flats for an extended
time responded with better growth. Plants which were normally
difficult to transplant, such as Daphne cneorum, responded very
well, having a much better root system by spring. Then we were
able to transplant them directly from the flats into the field. To
obtain the same efifect, we tried various combinations of sawdust,
peat and perlite, etc. but found that we were creating a real
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watering problem with so many ditferent media, especially when
the plants were put into mixed blocks in the greenhouse.

So, to create a longer water column, we changed from the 2 to
3" deep flat to a 6’ deep box. For ease in moving them with our
equipment we went to a very large box, 10’ by 4’, which we filled
with a coarse uniform cut of cedar sawdust.

In our Pacific Northwest area, the term cedar sawdust refers
to the sawdust from our native Thuja plicata. Freshly-cut cedar
sawdust must be leached by water before cuttings can be stuck. It
put into the boxes fresh, the sawdust can be watered heavily sev-
eral times and then it would be safe for planting within a couple
of days.. If left outside in a pile, it can be leached by the normal
rainfall over a longer period of time. The sawdust cannot be used
fresh, put directly into a peat pot, as adequate leaching does not
OCCUTr.

We did get excellent rooting with the straight cedar sawdust on
some plants. However, the rooting was enhanced with the ad-
dition of peat, up to % volume, for ericaceous plants such as
rhododendrons and heathers. The addition of up to ¥4 volume of
coarse perlite enhanced rooting for most conifers and plants
requiring good drainage (except Chamaecyparis obtusa). Coarse
sand could be used to create this better drainage but we did not
want to add the extra weight in our large boxes. Additives of
calcium in the form of dolomite lime and superphosphate (0-20-0)
have also proved beneticial. If the pH is not too low, we try to
substitute gypsum for some of the dolomite to improve drainage.
On our latest mixes, we are trying a complete fertilizer, including
iron and some other minor elements.

USING FERTILIZERS WITH CEDAR SAWDUST

We have found that the cedar sawdust is stable enough and
breaks down slowly enough so that we can mix {fertilizer with it
and apply fertilizer overhead on it without causing too rapid a
breakdown. There is some gradual change in medium structure
caused by the formation and growth of some algae on the par-
ticles, but this is less of a problem with cedar or redwood

sawdust than with the softer woods. We would recommend
having a chemical analysis of the water, sawdust, and other
proposed ingredients before it is decided what chemicals need to

be added.

We apply our liquid fertilizer over the tops of the plants (which
are rooting directly in the large boxes) through fairly fine
watering nozzles, rather than the usual misting nozzles. To date,
we have had no chemical build-up or clogging of these nozzles.
This overhead application of fertilizer seems to be particularly
beneficial to the broadleaved evergreens as well as deciduous
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and quick-to-root plants. It seems to have less of an enhancing
effect on the conifers and other slow-to-root plants.

EFFECT ON WINTER HARDINESS

An interesting feature of rooting in cedar sawdust, which we
have not yet checked out completely, is that it seemed to result in
a better survival of plants through severe winter conditions. Last

summer the Euonymus ‘Emerald 'n Gold’ and ‘Emerald Gaiety’
cuttings rooted faster and had better color when rooted in cedar

sawdust rather than in peat and perlite, perlite, or Douglas-fir
(Pseudotsuga menziesii) sawdust. During the winter, these plants
were left outside in the boxes where they were exposed to
temperatures of -18°C. All plants died, except those which had
been rooted and were still in the cedar sawdust. We need to do
additional checking to see if this will hold true on other plants
and to see if we can isolate the factor which made the ditference.
In the meantime, we are becoming increasingly interested in the

potentials of cedar sawdust.
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JOHN EICHELSER: I noticed you mentioned cedar sawdust.
Have you tried fir sawdusts? Is there a reason for using cedar in-

stead of tir?

BRUCE BRIGGS: A few years ago we did a lot of work with
fir and fir combinations. The reason we have gone to cedar is
two-fold. First, because we had a more uniform grind, which is
very essential when you are working with a sawdust. Our work
with fir years ago was fair; this year we ran cedar sawdust with
rhododendrons-and other plants; it was a little better. Our results
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were superior; this again may be due to uniformity of grind, plus
good drainage. But it was better. This is about the only reason for
us doing that; we felt we want a medium that would not break
down fast, because when it breaks down you have more drainage
problems. "And with cedar, like redwood in California, break-
down is slow. So we are getting to a product that remains more
stable, especially wheén it is to be used for a long, long period of
time.

MODERATOR WOOD: Our next speaker took his un-
dergraduate work at Utah State, then to Michigan State for his
Ph.D., then to Washington State at Pullman about 14 years ago,
where he has been working in Pomology. Fenton Larson:

SUCCESSFUL DEFOLIATION OF NURSERY STOCK
WITH CHEMICALS]

FENTON E. LARSENZ

Washington State University
Pullman, Washington 99163

Work on chemical stimulation of leal abscission of nursery
stock started at Washington State University in 1962. Some work
had been done elsewhere in the United States prior to that time
(1,2,12,13,14). Since 1962, sporadic attention has been given to
this problem by others in the United States and Western Europe.
Apparently somewhat more consistent attention has been given in
Eastern Europe. Much work in Europe, however, has been with
materials which are more desiccants than defoliants.

In 1967, a report to the International Plant Propagator’s Society
(IPPS) covered the findings of the early work in Washington (4).
Since 1967, several additional reports have been published
concerning the most successful treatments (5,6,7,8,9,10) under
central Washington conditions. Other materials have been tried
which might be useful elsewhere. It is the purpose of this report
to briefly present information gathered since the above mentioned
report to IPPS (4) and to describe the currently most successtul
approaches to nursery stock defoliation in Washington.

———— —— " — TR -

IReceived for publication August 11, 1973. Scientific Paper No. 4112. College of
Agriculture Research Center. Washington State University. Work was conduct-
ed under project 1690. The contributions and assistance of the following nurser-
ies are grateilully acknowledged: C and O, Chervenka, Columbia Basin, Heath,
Hilltop. May, Milton, Pacific Coast, Van Well, Willow Drive. Contributions of
chemicals from various companies is also appreciated.

ZProfessor. Department of Horticulture.
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MATERIALS AND METHODS

Defoliate sprays were applied at commercial nurseries and
experiment station plots using trombone-type hand sprayers.
Replicated plots of 3 or more plants each for budded stock or
plots of about 1 meter in length for seedlings and rootstock
stoolbeds were used. Single, double, and triple applications were
tried, using apple, pear, cherry, plum, and peach. Sprays were
usually begun the first half of October, but late September sprays
have been used. Plots were examined weekly and visually rated
for defoliation until the time of digging. After storage, treated
plants were replanted and observed the first season for after-
eftects ot sprays.

Chemicals used were: 1967 — KI (potassium iodide), DEF (S,
S, S-tributyl phosphorotrithioate), Nacconol NR (an alkylaryl-
sulfonate), Bromodine (a bromine-iodine complex), DEF + KI,
Bromodine + KI, iodoacetic acid, chloroacetic acid, bromoacetic
acid, ethephon [(2-chloroethyl) phosphonic acid]; 1968 —
ethephon, Bromodine, abscisic acid (ABA), ethephon + napth-
alene acetic acid, ethephon + urea; 1969 — Bromodine,
ethephon, Bromodine + ethephon 1970 — KI, D-WK (Dupont-WK
surfactant, the dodecyl ether of polyethylene glycol), ethephon,
Bromodine, sodium iodide, iodide, ioxynil (4-hydroyy-3, 5 diio-
dobenzonitrile), KI + ethephon, D-WK + ethephon, Bromidine +
D-WK; 1971 - D-WK, Bromidine, ethephon, D-WK + ethephon;
1972 - D-WK, ethephon, D-WK + ethephon, Fisons 9565, Dupont
1840, Mobil-leaf (an anti-transpirent) + ethephon, Amchem 72-29
(an ethephon + KI formulation), KA (potassium azide}, and cyc-
loheximide.

RESULTS

Specific data for only 1967 (Table 1), 1970 (Table 2), and
1972 (Table 3) are presented here since the major findings for
1968, 1969, and 1971 have been published elsewhere (5, 6, 7, 8,
9, 10]).

DISCUSSION

Experimental Results.

The 1967 tests included the most successful chemicals from the
previous 5 years’ tests plus some previously untested chemicals.
From the 1967 tests, Bromodine was judged to have the most
potential for further testing.

While several chemicals produced signiticant amounts of leat
abscission in the tests of 1967 through 1972, those that gave the

most favorable results under central Washington conditions were
Bromodine, D-WK, ABA, and D-WK + ethephon. These materials
were considered most useful because of the degree and speed of
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Table 1. Percent! defolhation induced 1n the nursery at digging time by chemicals applied to several tree fruit cultivars (1967)

—h

¥9

PLANT
d Anjou Orccon Spur Golden Dilicous Rome Beauty Elberta Bing [talian
Chomical Cone  (ppm) 3 PLal Dllicious apple apple apple pcach chorry prung
Obscivation Date
11/9 11/9 11/9 11/9 10/26 11/2 11/2
IPOtassitim 000" {1l E 19 7 RO 0 0Q
iodide (K1) 20030 4¢) 13 24 () 8O 0O} 099
DI 925())? 38 0 J () 88 07 92
000 Ut 1 1 21 ' 89 00 91
Nacconol NR S00() 07 () () () G0 60 ] 1
10,000 {5 () l] § 01 H2 87
Biomodine 10 000 01! 27 71 kY 05 05 100
15.000° () 2k § OR* 07 93 100
DL - kI 23500 2 1000 (! 10 G 36 00 04 100
000 4 2000 87 36 20 9 92 10 100
Nacconol NR - KI K000 4 1000 39 § 42 7 03 08 100
(.000 4 2000/ 81 19 (Y 206 95 95 100
Biomodine 4- KI 0.060 -+ 1000 05 35 84 6 07 18 100
13,000 - 2000° 07 B0 91 06 08 G0 100
lodoacctic acid 5(0)? 85 ! 05 45 05 05 05
20007 100* 49 05° 85 100 05° 95
Biomoacetic acud 007 25 () 4% 3 37 85 95
20007 03 [ W 43 100 095 95
Chlorcacetic aad H00)* 05¢ 15 X 15 89 8 95
2000° 05" 89 82 05° 05" 65’ 95°
Cont10] 3 0 0 D 80 45 50

IFigures represent means of 10 plots of at least 3 plants each.

2Apphcation on 10/11
3Application on 10/19.

4Damaged bark and buds on 2 to 5 cm of the tips of some shoots at digging time.
dSimilar to 4 but also with desiccated leaves attached to some terminals
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Table 2. Percent! defohation induced in the nursery by 10/29/70 by chemicals applied to several tree fruit cultivars.

PLANT
Earlistripe Qld
Ottawa 292 MM 106 ! M TA I Gold , Win
Chemical Conc (ppm) apple stoolbed  stoolbed apple  Deheious Tt Home
Potassium
1i0dide (KI) 1000 15.20,25 12,22,25 5,15,60 27,30,42 18,20,25 10,15,22 55,72,97
1500 15,20,25 22,227,352 23,25,2) 80,87,90 37,47,60 37,40,55 89.94,94
Dupont-WK (D-\WK) 10,000 05 88,95 32.67.77 40,60,60 85,85,96 25,27,32 20,40,60 69,86,96
20,000 09,99,99 60,92,99 90,98,98 90,98,100 80,82,90 70,79,80 99.100,100
Biomodine 2500 10,10,10 12,18,25 510,10 I5,17,22 12,22,25 17,20.25 37,40,62
2000 10,15,15 30.35,40 10,15,20 32.,50,82 20,25,30 20,2025 27,70,86
Ethephon 300 30,48,60 15,17,28 20,25,30 70.90,94 42.,50,52 Y, b, 7 20,25 .40
750 45,05,70 20,38 48 20,30,40 92.98,98 47 57,67 10,10,10 75,75,75
Bremodine 4- D-WK 2500 4+ 10,0830 60,79,89 38,47 .57 50,75,89 90,9596 45,47,70 h2,h7,72 87.87,96
2500 - 20,000 08,98,99 50,94 98 90,95,95° 98,99.99 90,94,?6 55,90,95 100,100,100
D-WK + ecthephon 20,000 + 500 09,100,100 99,100,100 90,100,100 99,100 100 05.99.100 55,9999 100,100,100
20,000 - 750 100,100,100 100,1004,100° 100,100,100 100,100,160 99,100,100 80,100,100 100,100,100
KI -+ cthephon 1000 1+ »00 17,29,30 40,55,60 35.50,50 87,9497 45,50,00 25,30,37 67,75,60
1000 + 750 30,62,05 45,62,62 32,520,060 90,98,98 47.60,72 32,40 45 092.96,94
Sodium Iedide 1000 17,17,17 27,3542 10,20,25 85.,90,95 47,50,50 45,02,75 95.,99.99
1500 15,15,17 38,38,43 30,350,30 87,92.96 75,82,85 70,85,92 100,100,100
Joxynil 600 27,32,32 17,3047 15,20,3(° 22.25,35° 12,15,15 273,25 2% 30,40 50
1200 37,37,32 47° 60°,65" 60',75°%05 52 55°,62° 15,17,17 22,25,27 60,70,70
Control 7 7 10 10 10 5 22

1 Figures represent means of duplicate plots of at least 3 plants (about 1 m for stool beds) each The means 1n each series

of 3 figures represent the results of single, double, and triple applications made on 10/8, 10/8 and 10/15, 10/8, 10/15 and
10/22 respectively

2Damaged bark on 2 to 5 cm of the tips of some shoots at digging time

3Similar to 2 but also with desiccated leaves attached to some terminals.
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Table 3 Percent! defohation induced 1n the nursery by 10/26/72 by chemicals applied to tree fruit nursery stock

PLANT
Wellspur domu st Prum Hi Earl Bart-
Chemicil Conc  (ppm) Golden Dehieious Dcli:cmus 11[;:]1]5’:_“: m.l:}m]j) I)ihc?:—:fs Ottawa 292 lz;t
apple appiv seedling seedling apple apple pear
Dupont-\W Kk (D-\WK) (3.0040) 90 98 57 2(3,20.60 17,85 (0 48.55 6 29%.77.99 893,100,100 283048
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leat abscission produced and the absence of or low degree ot
injury evident prior to and after storage. ABA has not been
commercially tested because of its high cost but it appears to
have considerable potential. Bromodine has been used com-
mercially for about 4 years.

As experimental work has proceeded, commercial tests of D-
WK and D-WK + ethephon have been very favorable and
commercial use of these materials is now occurring. Experimental
and commercial tests indicate that these chemicals are usually
superior to Bromodine.

.Another chemical, cycloheximide, deserves further ex-
perimental trial as demonstrated by the 1972 tests. This material
produced a high level of abscission in 2 to 4 weeks with little or
no injury from single applications of 25 or 50 ppm. Sprays of 100
ppm did not produce significantly better abscission but injury to
shoot tips was significant at this higher rate.

- While some chemicals have not been considered’ sufficiently
satisfactory for Washington use on tree fruit nursery stock,
testing in other areas and on other stock might' be worthwhile.
For example, KI was first tested in Washington on-nursery stock
and found to be useful (3). Later tests revealed better materials.
As a result, KI has not been used commercially in Washington,
but it has been commercially successful in Oregon on roses
(personal communication with Fred Edmunds). Other chemicals
which might be useful elsewhere include Bromodine + ethephon,
ethephon + KI, Nal, Nacconol NR, DEF, and iodacetic acid.

Commercial Procedure

Commercial procedures with Bromodine in Washington have
included 1 to 3 applications of 200 to 300 gal/A at 2500 ppm (of
the formulation) at 3 to 5 day intervals for tender or more easily
defoliated types (apricot, peach, pear, cherry). For more difficult
types, such as apple and some plums, 2 to 3 applications of 5000
ppm have been used. Where tissues are not excessively suc-
culent, or late in the season, higher rates up to 10,000 ppm have
been used without damage on some apple cultivars. Apricot,
peach, P. mahaleb seedlings, Rome apple, and M26 apple
rootstocks are rather sensitive to damage with defoliants and are
likewise sensitive to’ Bromodine. Consequently, application of
defoliants to these types of stock should be conservative. Pruning
wounds should be healed prior to Bromodine application since
fresh wounds apparently absorb excessive Bromodine resulting in
hypertrophied tissue around the wound.

Experimental and commercial trials show that 1 to 2 ap-
plications of 10,000 to 15,000 ppm (of the formulation) D-WK -+
100 to 200 ppm (active ingredient) ethephon produce high degrees
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of leaf abscission in 3 to 4 weeks with little or no damage if
applications are modified according to the above mentioned sen-
sitivities of plants. These treatments have been tested in experi-
mental plots on a number of apple cultivars, on P. mahaleb
cherry seedlings, sweet cherry, pear, Early Red Haven peach and
Early Italian prune. Commercial tests have been more extensive,
particularly with apples. On the following sensitive plants, com-
bination rates higher than those indicated should not be used.
Rome apple and P. mahaleb seedlings - 10,000 ppm D-WK + 200
ppm ethephon; Early Italian prune - 10,000 ppm D-WK + 100
ppm ethephon. D-WK alone at 10,000 ppm is excessive for
peach.

D-WK can be used quite successfully alone at 10,000 to
20,000 ppm (except as noted) but defoliation is somewhat slower

~than when it is combined with ethephon. D-WK alone, however,
'is much safer for the plant, and for this reason some nurserymen
favor it over the combination treatment with ethephon.

=
=

Inﬂﬁencing Factors.

.. While insufficient work has been done on conditions which
influence the reactions to defoliants, evidence indicates that at
least the following are important: temperature, humidity,
precipitation, soil moisture, nutrition, species, cultivar, plant age,
vigor and maturity, timing, chemical concentration, and ad-
juvants (11). At present, the prime considerations for the nur-
seryman seem to be:

1. weather—spray absorption is greater with high humidity. De-
foliants work best if preceeded by one or more light frosts and if
day temperatures at the time of application are 18°C (64°F) or
higher. Rain should not immediately follow an application.

2. plant factors — applications should be adjusted appropriately
for differences in species and cultivar sensitivity. Some damage
may be expected if terminal buds have not been formed prior to
treatment. Nursery stock that has grown vigorously is more dif-
ficult to defoliate than low vigor stock or an older, established
tree.

3. application considerations— timing, concentration, and adju-
ants must be adjusted to give desirable results and avoid unde-
sirable side effects. Timing should be regulated by weather and
plant development. Concentration will vary with species, cul-
tivar, and timing. Multiple applications probably should not be
closer than 3 days in order to allow sufficient reaction time and
to avoid the possibility of damage.

Of prime importance is the judgment and care of the ap-
plicator. The mixing and application should be at least as care-
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fully done as with a herbicide or chemical fruit thinning spray.
Ineffective treatments, plant damage and unnecessary costs are
the inevitable result of careless, poorly timed application. On the

other hand, very good results are obtained by nurserymen who
carefully time and control their applications.
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SUNDAY MORNING SESSION
August 12, 1973

VICE-PRESIDENT OKI: Our session this morning will be
chaired by our able program committee member from Hawaii,
Bob Warner. Bob, will you take over now?

MODERATOR WARNER: Our tirst speaker this morning is
Donald Watson. He is Professor of Horticulture at the University
of Hawaii and is working in Urban Horticulture. He has been
doing a lot to bring the beauty and freshness of living plants to
the city dwellers. He has had a local newspaper column for over
a year and has a television program every other week. His topic
is ‘“Plants are for People.” He has written a book with this title
that was published just a couple of months ago. It is a great deal
of pleasure to introduce my associate, Don Watson:

PLANTS ARE FOR PEOPLE!
DONALD P. WATSON

University of Hawaii
Honolulu, Hawaii 96822

About a thousand years ago when the Polynesians first settled
in Hawaii they were greeted with a forbidding shoreline, a blue
ocean, and attractive beaches, but absolutely no plants. There
was just no vegetation whatsoever. Anything that is growing on
these islands has been brought in since. When they arrived in
their outrigger canoes they gradually climbed into the areas
where they might be able to grow things and they brought with
them quite a number of the plants to which they were ac-
customed. In some areas there was so little rainfall that it was
practically impossible to grow anything and in other areas there
was so much rainfall that it was an absolute paradise that would
later grow into a jungle.

Now the most common and perhaps the most necessary plant
as far as the Polynesians were concerned was the taro {Calocasia

1 Ed Note This paper was given extemporaneously and transcribed on tape and
supplemented with 160 Kodachrome slides
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esculenta]. Taro was basic in their diet. They had to have a good
source of carbohydrate and today at the Lyon Arboretum there is
a collection of many, many kinds of taro. Hawaiians had names
for each clone and some of them were quite attractive. Some had
a white root, some an orange root, and some quite red. They
boiled the taro root, then pounded it into a paste. It is often mis-
represented today at a luaua because people get the idea that
they are supposed to sit there and eat taro and that is not exactly
true. The taro is primarily used as we might use mustard, for in-
stance, as a seasoning to eat with your food. Today it has become
extremely expensive because there is not enough to supply the
demand. It is being used by dietary manufacturers and baby food
manufacturers to a large extent because it is a good source of
carbohydrate and it is not made from wheat flour.

The second and perhaps equally important plant was the
coconut [Cocos nucifera]. The coconut — to tropical and sub-
tropical islands — is an absolute necessity because it is used as
food. Most of our coconut meat comes from Fiji or Samoa or
somewhere else. The coconut in Hawaii is primarily ornamental
— in two kinds, a dwarf one and the tall one. From a landscape
point of view, the dwarf one, called locally the Samoan coconut
is useful. It is called Samoan because the ship that brought the
original seeds apparently stopped at one of those islands on the
way here. The coconut yields very heavily; with each new leaf,
in the axil, there is one inflorescence and that inflorescence gives
rise to quite a number of fruit. Of course, in many places it is
still a source of income, but I think the most valuable part of the
plant, as far as we are concerned, is the view that you get as you
look down through the leaves toward the beach. It grows well
along the beach in sandy soil as long as the salt water is filtered
betore it gets to the roots. The leaves have many functions. The
webbing that has been made by the Fijians is commonly used to
decorate stages or walls of houses. They are also made into
coconut hats. At Christmas, the brim of the coconut is often used
as a wreath and for a local Christmas decoration there isn’t any-
thing more simple or effective than a coconut leaf wreath with
three red anthuriums on it.

Another plant which was extremely important to Polynesians
is the breadfruit [Artocarpus communis]. Breadfruit is a common
food of people who are not able to get wheat or rice. The fruit
itself, when mature, is creamy colored inside; all that is done is
to wrap the fruit itself in aluminum foil and bake it. It is used as
a good source of carbohydrate and is a.basic food of those who
are brought up on it.

The next plant, which was one of the early Polynesian intro-
ductions, is the hala or pandanus [Pandanus odoratissimus]. Hala
is still quite a common ornamental; it has both male and female
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flowers on the same plants. The roots are attractive in that they
have a prominent prop-like structure which holds the tree firmly
in the tradewinds. Mats are woven from leaves of the hala. They
wear very well, and there are still quite a few of them being
made. Many woven leaves are being sold as place mats. The early
Polynesians used them as floormats; they put them on pebbles so
that the air would come up through them. They would keep cool
and dry and make a very good floor. The fruit itself is often cal-
led the ‘““‘tourist pineapple’ because it does resemble a pineapple.
The little individual sections, if they are pulled apart, when ripe
become quite orange in color and make attractive leis.

After the hala comes the ti. Ti seems to be quite a controver-
sial plant. We think of all of the tis, the variegated or colored
types or the green one, which is the more common, as Cordyline
terminialis. I know that in Florida they call some of draecena’s,
ti, and there is confusion in the naming but actually it is based
on the flower structure and as far as I can tell the bulk of all of
the tis are Cordyline terminalis. They are used for the hula skirts,
a relatively new custom. There are, nearly as I can tell, some 70
different clones of ti that are being grown, although not more
than five are being grown commercially. There is quite a demand
right now for cut ti leaves on the mainland, especially during
winter months. More and more of this foliage is being shipped
out of Hawaii. The fruit on the ti is attractive; it looks like a
small red grape. Ti is a member of the lily family and it can be
grown from seed; this is why we get so much variation.

The kukui [Aleurites moluccana) is the Hawaiian state tree;
it produces nuts which are polished and made into necklaces. I
am sure that you have seen a lot of these around. The flower
looks a little like a lilac and the fruit a little like a walnut before
it has the husk taken off. But if you take oft the husk and start to
polish them and work for at least a day on each nut you can get
it highly polished and it will always remain shiny due to the oil
in it. The name kukui comes from the fact that originally
Polynesians strung them on coconut straws then used them as
candles; they set fire to them to burn the oil to produce light.

Here are more introductions which I selected because they
are some of the most common and, I think, most attractive. The
hybrid ‘‘showers’ are certainly at the top of the list. The pink
shower [Cassia javanica) is one of the parents and the golden
shower [Cassia fistula] is the other parent of the ‘‘rainbow
shower tree.”” These hybrids vary, all the way from cream-colored
to almost watermelon-colored. They are certainly one of the most
prominent trees in Hawaii.

The lychee [Litchi chinensis] which, of course, is very popu-
lar with the Chinese has a delectable fruit; it is one which we do
not export but it is grown quite widely.
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The African tulip [Spathodea campanulata] is a good tree,
because it flowers every month of the year. It has a huge inflores-
cence with many buds behind the flowers. It not only is an at-
tractive flower but it also produces a very good pod.

Brassaia, the octopus tree, is grown a great deal in Hawaii. It
is not only a good tree in the garden but also a good plant for
decoration when grown in containers.

The sausage tree [Kigelia pinnanta], the flower of which has
a vile odor, is popular because it is so unusual, with its big saus-
age fruit hanging down.

The monkey pod [Samanea saman] is one of our best shade
trees. There are not many that get to be as large as they could
because they are grown so often in the city where they don't
have enough root space. The wood is popular; it is used a great
deal for carving and making dishes, bowls, and ornamental ob-
jects. Some are carved in the Philippines and shipped in here but
others are done locally.

A more recent introduction is the mussaenda [Mussaenda
erythrophylla]. I don’t know whether this is being grown much on

the mainland but it was brought in here from the Philippines. I
have a feeling that if it were properly grown, it could be used as
a pot plant on the mainland and perhaps could become very
popular, because the bracts adhere for a long time and it is cer-
tainly attractive.

Another plant which I think is interesting is the norantea

[Norantea guianensis). I don’t know where the name came from
but I always think of noren, which the Japanese use on an en-

trance to give an indication of just what is going on in the build-
ing or in the store. I think of it as having some relation to this
noren because these little flowers hang down like a noren. We
had just one norantea plant on the campus and everytime you
went past you would see that someone had an air layer here or
there. That was about eight years ago and now there are two or
three other plants on the campus and I notice occasionally you
see one turning up in someone’s yard. It is not common, but it is
difterent and I think quite attractive. It is quite vinelike in habit.

The next one is the desert rose [Adenium obessum]. It is
closely related to plumeria; I wondered if, perhaps it might be
crossed with plumeria. I don’t know. It varies from pale pink and

white to a deep rose. It is quite woody and requires a hot dry
location. :

More common is the shell ginger [Alpina nutans]. Fre-
quently the torch ginger [Phaeomeria magnifica] is mixed with
the red ginger. The torch ginger is attractive but it is awfully
heavy and isn’t used a great deal to ship out of Hawaii because of
its weight — and it doesn’t keep too long.
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The Musa coccinea, or crimson banana, I think, has a tre-
mendous future but there is so little of it available that it is hard
to push as a marketable crop. The plants don’t flower too pro-
fusely but certainly there is no difficulty selling them for a dollar
per stem and they last for almost a month as a cut flower.

A flower that is most representative of Hawaii, because there
are so very few other places that it grows, is the silversword
[Argyroxiphium sandwicense]. The silversword, only grows in
the mountains at 7,000 to 10,000 feet and especially in Haleakala,
Maui. It belongs to the Compositae and is certainly unique.

I like the Jade vines. They are of Philippine origin. The
flower of the green jade vine [Strongylodon macrobotrys] has an
almost synthetic green color. It is certainly unusual; I don’t know
of any other plant which produces a flower of this color. It is not
legal to take it to the mainland because it may have an insect in
the pod. They are woven into leis but this is a little dangerous
because the sap within the jade vine, if it hasn’t been well dried,
will stain a dress or a shirt. There is a red jade vine [Mucuna
bennettii] which I think is not as attractive because the color isn’t
as unique; vet it is a very conspicuous plant with a large flower.

Now, a few of the agricultural crops. The most common, and
the one which is really the symbol of Hawaii, is the pineapple
[Ananus comosus]. I doubt whether there is any agricultural crop
anywhere that is grown as scientifically and as effectively as the
pineapple has been grown in Hawaii. I am not sure how long this
will continue because pineapple land is certainly desirable for
real estate subdivisions and more and more of it is going in this
direction. However, the pineapple is an interesting Bromeliad; it
is attractive even when it is a little fruit or when it gets to be a
mature size.

The sugar cane [Saccharum officinarum] we must place in
the same category as pineapple. You will notice as you go
through the islands toward higher elevations the pineapple takes
over and the sugar cane stops. The sugar cane flower is really at-
tractive. I always thought how interesting it is when you come in
by air and look down on the fields of sugar cane. If you are high
enough it looks exactly like a golf course, because it is nothing

but a field of grass. There has been a lot of criticism lately be-
cause of the burning of the sugar cane fields. It doesn’t bother me

really because as long as the trade winds are blowing off goes the
smoke over the ocean. I don’t think it is too serious.

Macadamia [Macadamia integrifolia], as you know, came
primarily from Queensland in Australia but it is being grown
here effectively. It has an attractive flower. Not as many fruits set
as we would wish; from the long inflorescence we rarely get
more than 3 to 5 nuts. Yet it is an excellent crop; practically all
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of the processing up to now has been done here. I understand
there is a lot of macadamia planting going into Central America
and other parts of the world, but as of today most of it is being
grown in Hawaii. At Christmas, people even use the macadamia
leaves, which have kind of a holly-like look, for decorations.

The wood rose [Operculina tuberosa] isn’t exactly a commer-
cial agricultural crop. There used to be a lot more wood roses
grown than there are today. And when the capsules are almost
mature they are cut and hung upside down in a hot, dry place,
then they break open exposing seed cases which are usually
sprayed with plastic so that they stay shiny. There are not
enough being grown to satisfy the market.

Cotfee [Coffea arabica] has been a big crop, especially on the
island of Hawaii, but today there is difficulty in getting labor for
harvesting so there is not as much coffee grown as there used to
be. It is an attractive fruit when it is ripe. They’re working on
mechanical harvesting and, with the cost of coffee going up it
may increase in production; I am not sure.

Mango [Mangifera indical is a good fruit. The tree is attrac-
tive — the fruit is attractive and, of course, it is just delicious.
But there are no mangos being shipped out of Hawalii; there is no
mango orchard that is big enough to produce enough fruit to
make it worthwhile and, of course, there is a restriction because
of an insect that may be in the pit. Mangos may be shipped out
after being processed but there are just not enough mangos grow-
ing to consider them a commercial crop. Someday there may be. I
hope so.

Papaya [Carica papaya] production has increased tremend-
ously in the last few years and many of them are being shipped
out of the state, in both directions.

The anthurium [Anthurium andreanum] is one of our biggest
flower crops and I think it is of interest, perhaps, to draw your
attention to the fact that the spadix, the part that sticks up in the
middle, like a pencil, is divided into many hundred little indivi-
dual flowers. At a certain time, the stamens protrude and the
pollen is shed and then later the fruit develops like a little pea on
the outside. Anthuriums can be grown from seed but the use of
seed is only for plant breeding. To make anthurium flowers keep

well it is quite important to hold them at a high humidity. If you
enclose the top in a plastic bag and don’t even stand the stem in
water it is much more likely to last longer than it would if the
stem were just in water because you are preventing transpiration
from the top.

The Vanda orchid ‘Miss Joaquim’, is perhaps the most com-
mon orchid. There are lots of these orchids being grown com-
mercially, yet there are times in the year when you can’t begin to
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get enough The individual flower is indeed attractive. It has be-
come so common that I don’t think it is as well respected as it
should be. It is especially good when the flower is pulled apart
and it is made into what is called a Moanaloa lei.

There are quite a few bananas [Musa sp.] grown. However,
there are a lot of bananas shipped into Hawaii from Central and
South America and the West Indies.

The plumeria [Plumeria sp.] you might not think of as a
commercial crop but it is becoming more and more commercial
all the time because so many are being used for making leis.
There is a great variety in plumerias — from the yellow to pink
and all kinds in between, and the flowers keep well.

There is very little plant breeding or other work going on
with the hybrid hibiscus. This seems too bad because the hibis-
cus grows extremely well in the islands. They are large and col-
orful, and they are certainly useful for decoration. There are a
few growers who do some crossing and there are plenty of plants

available but there is not as much breeding going on as there
should be.

Now a few of the activities that are going on at the Univer-
sity. The breeding work that Dr. Kamemoto has done with an-
thurium is beginning to pay dividends. It has been a long, slow
breeding program as you can understand. But he has just
recently introduced the ‘Red Elf’ which has two spathes instead
of one and it is gaining in popularity, but it takes time to produce
enough to get them into the market. Similarly, work he has done
with the dendrobium orchids is part of the plant breeding pro-

gram that has been successful and certainly productive.

Dr. Parvin and I have been working with the introduction of
proteas. The silver tree (Leucodendron argenteum) has excellent
foliage and is coming into demand. Some are grown in Southern
California; I think there is more of a future for some of the
banksias than for the proteas themselves because they dry so
well. I think that proteas, as a dried arrangement, have a great
potential.

Dr. Criley has been working with plumerias, not only with
breeding but with light intensity and with temperature. He has
shown that with slight increase in temperature he can speed up
the production of flowers considerably. Work with lettuce, much
of which was done some time ago, some of it is still going on, has
proven to be extremely valuable for the local market. Some of our
introductions of lettuce are the best that I have ever eaten. I
hope that you have eaten some of the local lettuce since you have
been here because it certainly is delicious. We have a semi-head
lettuce which is absolutely delicious and which we can grow ex-
tremely well.
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Dr. Gilbert’'s work has influenced tomato production all
through the tropics. He has developed new tomato varieties for
the tropics. We have to be careful about our day lengths and we
have to breed for resistance to nematodes and to disease.

For a number ot years Dr. Robert Warner has been develop-
ing an arboretum of economic plants at Waimanalo Research Sta-
tion. The cashew [Anacardium occidentale] isn’t common in
Hawaii but he has cashew trees out there. Here is a picture of the
fruit with the nut on the end of it. Also cloves [Syzygium
aromaticum] can be grown quite easily; they make an excellent
clove if they are picked and used fresh. You see, it is nothing but
the bud before the flower has opened. It is picked and dried or
used fresh.

Now, in conclusion, I want to make it clear that in spite of
the fact that our city has turned, like most cities, into high build-
ings with a lot of concrete, there is still quite a bit of apprecia-
tion of plants. The fact that the Hawaiian plants are related to
the Hawaiian people is due to a great extent to the Polynesian
upbringing and the Polynesian beliefs.

MODERATOR WARNER: Thank vou, Don. Now we will
have one more presented paper that was not on the program. Bill
Barr of Monrovia Nursery will tell us about his experiences in
rooting Pinus radiata cuttings. Bill:

ROOTING PINUS RADIATA CUTTINGS
WILLIAM BARR

Monrovia Nursery Company
Azusa, California 91703

The Monterey pine, Pinus radiata, is normally grown from
seed. As a result the progeny are quite variable. Monrovia Nur-
sery, 1n cooperation with Dick Maire of the Los Angeles County
Extension Service, Dick Puffer, of the San Bernardino County
Extension Service, and Fred Dorman, of Highland, California,
have been experimenting with vegetative propagation of this pine.
We are also observing these cutting-propagated plants in one and
five gallon containers.

Our objective is to find a Pinus radiata clone, with good
characteristics, that will root in a high percentage. Of major in-
terest is smog resistance, color, shape, and compactness. These
vegetatively propagated trees could be very desirable as Christ-
mas trees and as general landscape plants in southern California.
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The Monterey pines were rooted using these ‘proce-
dures: The cuttings were made five to six inches long with the
needles on the bottom half of the cutting cut off. Tip and second
cuttings were used. They were dipped into 3000 ppm of IBA and
stuck into a mixture of eight parts perlite and one part peatmoss.
The cuttings, in flats, were placed in an outdoor mist area with a
bottom heat of 72° to 75° F. The cuttings were misted the same
as our other conifers. We have not experimented with different
techniques in propagation due to the large number of clones used
and the relatively few cuttings per clone available.

The first trial began May 19, 1972 with cuttings from 17
trees. After 14 weeks, August 24, 1972, the cuttings were moved
to a hardening off area. Two weeks later the cuttings were pot-
ted. The rooting percentage varied from 1.7% to 799%. Nine
clones were above 43%o.

The second trial began October 18, 1972; the cuttings were
moved to the hardening off area on April 10, 1973. There were 18
clones in this trial. Seven of them were repeated from the first
trial. The cold weather probably accounted for the fact that it
took 25 weeks for this second trial to root. We also had poorer
rooting this time; the range was from 2.6% to 569%. There was
only one tree this time that rooted over 43%. In every case the
clones repeated had a lower percentage in the second trial.

On June 6, 1973 and on July 16, 1973, we started additional
trials. They are not completed at this time. We are attempting to
determine the best time of the year to root Pinus radiata.

Ten rooted cuttings from the nine best rooting clones of the
first trial were placed into one gallon containers. Later these
plants were moved into five gallon containers. We have been ob-
serving these plants since the fall of 1972. There is considerable
variability among clones. Four of the clones might be commer-
cially feasible. The other five clones are too lanky, yellow, or not
smog resistant. It appears that cutting-grown Pinus radiata, with
the desirable characteristics, is commercially feasible for the nur-
sery trade.

RON HUROV: I wonder it we could have a little discussion
on various experiences in seed germination in general. I find
there has been quite a bit of work done on rooting media and
rooting cuttings but some of the work on seed germination, I
think, is behind the times and backwards. I just wonder if you
people could express your experiences in seed germination.

MODERATOR WARNER: Anvbody have comments on seed
germination?

DALE KESTER: This is a general comment about all seeds.

One is always impressed by the significance of temperature in
germination. This is probably the most important factor in con-
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trolling germination of seeds of various kinds. Either too high a
temperature or too low a temperature can cause failure. A lot of
the dormant seeds require chilling in the winter, but they should
not have too high a germination temperature after the chilling is
complete. This is a very critical factor. When you really get down
to the individual seed species you have to know what its require-
ments are. '

MODERATOR WARNER: Thank you very much, Dale. 1
would recommend to Ron Hurov that he check with Hartmann
and Kester’'s book on plant propagation, where seed propagation
is thoroughly covered.

BETTIE LAUCHIS: We have done quite a bit of research
with seeds, particularly with tropical seeds. We think here in
Hawaii it helps with the germination of many tropical seeds to
use heat. Also you can create a magnetic field which, with some
seeds that you can’t germinate any other way, may help germina-
tion.

MODERATOR WARNER: 1 would like to mention that citrus
seeds are very carefully treated — heat-treated, then dried and
covered with a fungicide to prevent phytophthora attacks. This is
very important and I imagine that it would hold also for other
types of seeds also.

HOWARD BROWN: We have done a little experimental
work on a grant we had from Sequoia Forest Products Company.
For germinating seeds in flats, bedding plants, annuals, seeds ot
woody plants, we have come up with a mixture of 50% redwood
compost, 30% perlite, 20%0 peat. To that is added dolomite lime
plus fertilizers. It is a very economical mixture and one that pro-
duces a good root system and the seeds show very good germina-
tion.

RON HUROV: I am a dealer in tropical seeds. That is the
reason 1 brought this up. We're getting seeds of about 450 spe-
cies that I carry in my catalog. I find that a lot of species have
never been listed before and each family — each particular spe-
cies — seems to have its own requirements. Besides problems
with germination, we also have some problems with storage. I
would like to comment briefly on Araucaria seeds, which is one
of my specialties. We are getting some seeds from the U.S. Forest
Service in Georgia. Normally Araucaria has to be planted within
a few days because it loses its viability very quickly. This is true
of a number of tropical seeds. They managed to store Araucaria
seeds for six months or longer byusing a high moisture content —
high humidity — in jars with nitrogen-controlled atmospheres at
20° F. I think that people who do research with some ot the trop-
ical seeds will show that we can extend their storage life. I would
like to ask if anyone has done work on germination ot palm seed;
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they are quite difficult to germinate. Some get good results and
some don’t. I think use of bottom heat seems to be one of the best
ways of breaking their dormancy.

MONDAY MORNING SESSION
August 13, 1973

VICE-PRESIDENT OKI: We will start this morning’s session
with Dr. Fred D. Rauch, University of Hawaii, in charge. Fred:

MODERATOR RAUCH: We will hear first from Dr. Horace
F. Clay, Dean of S]i')ecial Programs, Leeward Community College,
Pearl City, Hawaiil.

MODERATOR RAUCH: Our next speaker is a young man
who graduated from Penn State, did his graduate work at UCLA,
and arrived here in Hawaii about 5 years ago. I think he is also
one who took the idea of his topic ‘“‘Population Explosion,” quite
seriously — he is still a bachelor. He is a horticulturist working
in growth regulators, media, and ground covers. So now I would
like to call on Dr. Richard Criley.

CTE SR — E——

I1Dr. Clay showed slides and described the propagation methods of many of the
unusual shrubs and trees grown 1n Hawail.

POPULATION EXPLOSION!
RICHARD A. CRILEY

Horticulture Department
University of Hawaii
Honolulu, Hawaii 96822

Are you worried about the population explosion? Our na-
tional population is growing by about 2,000,000 persons a year.
Our 1970 census tabulated 204.7 million people. About 749% of
our people now live in urban territory — towns of 2,500 or more
to densely settled suburbs of large cities. To some, it seems that
the United States will need perhaps 400 or more new towns and
cities accommodating 25,000 to 250,000 with space to grow.

The next 30 years will bring an explosion of urban growth in
areas now largely rural. Cities will continue to grow upward.
How congested we feel will depend on how we design and use

our space.

The 1972 Yearbook of Agriculture, ‘“Landscape for Living,”
tells us that an estimated 80 million people garden as a hobby in

t Published as journal Semes No 1662 of the Hawan Agricultural Experiment
Station
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the United States, and that 59 out of every 100 people believe
that ““green grass and trees around me’’ are most important to
their happiness. Everyone seems to enjoy plants and the effects
that they create.

We are all familiar with the diverse uses to which plants
have been put — in shopping malls, along city streets, as screens
and barriers, in oftices and homes, and on small lanais.

With all of these needs for plant materials, we must ask,
where are these plants to come from? What we need — is a
population explosion of plants! The rapid increase of plant
materials represents a challenge to us all.

SYSTEMS

One of the newest tools of the plant propagator is tissue cul-
ture. Success has been achieved with a few plants such as
orchids, carnations, and some foliage plants but research is still
needed for many more. Tissue culturing facilities are expensive to
set up, and the sanitation requirements are not practical for
many growers.

A variety of conventional systems is still available to us.
These include the use of single-node cuttings to make maximum
use of limited amounts of plant material. Leaf cuttings, of course,
have been used successfully to increase certain fleshy-leaved
plants such as begonias, crassula, sedums, sanseviera, and Afri-
can violets and gloxinias. Leaf-bud cuttings are more specialized
forms of single node cuttings which have the leaf, an axillary
bud, and a portion of the stem.

[t is sometimes hard to break the traditions built up over the
years. Here in Hawaii it is common practice to take a 2-3 foot
long branch of plumeria and bury its base in soil and await root
formation, which takes anywhere from 6 weeks to 6 months,
depending on the reliability of the propagator’s memory. On the
other hand, I have found that 6 to 8-inch terminals will root
under mist in 8 weeks if 2,000-3,000 ppm IBA is used. Dr. Rauch
has gone even one step further using — for plumeria, anyway —
what amounts to a ‘“mini-cutting.”” A very soft, 3-inch long term-
inal kept under strict sanitation under mist in a foam block will
also root in 6 to 8 weeks. One of the important implications to us,
then, is a more efficient means of increasing new cultivars which
we select.

There is no need to describe the systems of grafting and
budding to a meeting of plant propagators. It is enough to be
aware that small amounts of plant material can be increased
quickly and efficiently using these methods.

However, we can point to these potential *‘explosions’ for
our Hawaii plant materials which use these increase methods.
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The pummelo, a grapefruit relative, is a desirable citrus. Selec-
tions obtained through a competition for pummelos have been
grafted by Warren Yee of our U. H. Horticulture Department to
provide a source of propagating material for our growers.

The rainbow shower, [Cassia javanica x C. fistula] the city
tree of Honolulu, is a sterile hybrid which has not been success-
fully propagated by cuttings to my knowledge. All of the trees in
our parks show the crooked trunks of an air layer. Sometimes the
root systems are inadequate because of insufficient post-planting
attention. The parent tree stands mutilated after layers have
been taken. I have found that the rainbow shower can be budded
onto Cassia fistula seedlings in the fall using a T-bud. This is
hardly new, but only a few ‘“old-timers’”’ have made use of the
vigorous root system of one of the parent species of this hybrid to
achieve the same kind of growth in 8 months that an air layer
may take 10 to 12 months to acquire after a 6 to 8-month rooting
period.

We find also that our plumerias are fairly easy to bud. Thus,
if we can use every bud on a branch of a new selection, we can
increase it all the more quickly. This leads me to the last part of
my story — the aids to propagation in our pharmacy of plant
chemicals.

CHEMICAL AIDS TO PROPAGATION

The use of auxins to stimulate rooting and of gibberellins to

stimulate sprouting of a dormant bud have been described to
IPPS members many times before. I would like to mention, then,
some chemicals which may give us more plant material with
which to work.

These are compounds which stimulate branching and the

development of shoots from axillary buds.

A synthetic cytokinin, 6-{benzylamino)-9-(2-tetrahydropyran-
yl)-9-H-purine (PBA, code name SD8339), has been shown to
stimulate greater bud initiation in red ti as shown in Table 1. A
greater percent of the initiated buds went on to develop into
sprouts. This affords us more plant material, especially of the
attractive dwarf ti so popular in the foliage industry.

PBA also hastened plantlet development on begonia leaf
cuttings. It also gives us more buds when applied to the cut
stump of a plumeria branch. Thus, more buds are available for

our increase system.

The compound, ethylene, has been known for a long time to
stimulate root initiation on certain herbaceous plant material and
to overcome apical dominance. A new ethylene generating com-
pound, ethephon, now permits us to apply a spray to plants to
stimulate more lateral branches.
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Table 1. Effect of PBA on bud imitiation and development in Cordyline terminalis

‘Onomea’
Treatment Buds Buds 0/ buds
initiated developed developed
PBA o{} ) ppm 4.1 2.8 68.3
PBA 100 ppm 4.7 2.8 58.6
PBA 50 ppm 6.0 2.2 36.7
Control 4.0 1.5 37.5

The morphactins are a strange class of compounds with
many effects on plant growth. It is interesting, however, that low
concentrations stimulate lateral bud break in a variety of plants.
If some of the extra side shoots can be removed and propagated,
as in the case of the pineapple, we have again found ways to
augment a low population of a desirable plant.

For plants, unlike people, an increased population is to be
sought after. Whether we take the laboratory route of turning out
thousands of ‘‘test tube babies’’, or more conventional ap-
proaches, with or without chemical aids, we can meet the chal-
lenge of more plants tor a more livable environment.

MODERATOR RAUCH: Thanks very much, Richard, for a
good presentation. Our next speaker, Bettie Lauchis, has been a
professional horticulturist for about 20 years, even though her
training is in the area of botany. She has recently established a
botanical garden on the island of Kauai. Many of you who will
take the side trip to that island will have an opportunity to wvisit
with Bettie at her garden. Bettie Lauchis:
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ORNAMENTAL MUSACEAE
MRS. BETTIE E. LAUCHIS

Horticultural Director
Olu Pua Gardens
Kalahea, Kauai, Hawail

Musaceae is represented in the Hawaiian Islands by four
genera and many species, all of which are ornamental, as well as
some being useful in other ways. The four genera are Musa,
Heliconia, Strelitzia and Ravenala.

Probably the most useful and fascinating genus is Musa with
its many types of edible bananas and fiber products. The Polyne-
sians brought bananas with them when they migrated to Hawaii
over 1,000 years ago; it was one of their main staples and gener-
ally eaten cooked. Until the kapu was broken about 1820, how-
ever, Hawaiian women were forbidden to eat most bananas
under penalty of death. Probably more legends and proverbs
evolved around the banana than any other plant. In sacrifices to
the Gods sometimes a banana stalk was used as a substitute tor a
human sacrifice. Many bananas do not produce edible fruit but
have such a strikingly colorful inflorescence that they are grown
ornamentally or as oddities. One of the oddest is the mai’a hapai
which is Hawaiian for pregnant banana. Instead of the banana
bunch coming out of the top of the plant it is borne within the
trunk. The trunk swells like a pregnant woman and eventually
will split open to expose the bananas which are small but edible.
This is not an ‘‘instant legend” and the plants can be found in a
few specialized gardens. Bananas are propagated from suckers

and seeds: usually the edible bananas sucker only whereas the
ornamental ones sucker and/or set seed.

The heliconias, named after Mt. Helicon in Greece, mostly
from tropical and South America, dely description and numerous
species are now growing in Hawaii. Propagation is by suckers
and seeds: the plants are cut to the ground after blooming and
the new shoots will bloom the following year. They do best in
shade or semi-shade.

Heliconia aurantica: Medium-sized plant to 4’; leaves small,
lanceolate to 7’ without a petiole. Flower spathe in several
planes, upright inflorescence small, to 6", bracts orange, tlowers
lemon-yellow. This species is one of the more desirable inas-
much as it blooms in the winter while most heliconias bloom in
the summer. It would lend itself to pot culture and should be
considered by any nurseryman featuring tropical plants. Native to

Mexico.

Heliconia psittacorum : Parrot heliconia: Another medium
heliconia to 4’, leaves small, accuminate to 9, without a petiole;
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flower spathe in planes, small upright inflorescence to 5, bracts
orange, flowers orangish-red. When the bud is just opening you
can see the resemblance to a parrot thus accounting for both the
specific and common names. This is another desirable potted
plant because it blooms all year; as one plant is cut to the ground
another shoot is already at the flowering stage. Planted out here,
however, this plant can become a problem as it spreads in all di-
rections. Native to tropical America.

Heliconia humilis: Lobsters claw heliconia: Large plant to 9’
with large banana-like leaves with a long petiole, erect inflores-
cence with red bracts in several close planes to 12", flowers
orange with green tips. This is probably the most vigorous and
common of all heliconias in Hawaii as it is truly striking when 1n
bloom all summer long. However, it is falling into disfavor as the
bracts hold sufficient water to create a breeding place for mos-
quitoes. This is rather large for pot culture but perhaps with the
use of a growth retardant it could become a valuable asset to the
mainland grower. Native to tropical America.

Heliconia rostrata: Another medium plant to 6°, leaf blades
to 2’ on a long petiole, 1’ intlorescence hanging in several planes,
spathes strongly reflexed; bracts brilliant red with chartreuse
tips. This summer bloomer is not too common in Hawaii but it'’s
bound tor popularity because of the hanging inflorescence and
the brilliant color combination. This inflorescence also dries
pertectly for dried flower arrangements with the two-toned effect
becoming beige and brown. This could be a dramatic addition for
the tropical plant specialist. Native to Peru.

Heliconia flava: A smaller heliconia to 4’ with 2’ leaf blades
on a long petiole. The 8’ upright inflorescence is in several
planes with the upper bracts opening white but eventually turn-
ing vivid yellow. This species is new to Hawaii and as yet very
rare but is headed for popularity because it is more adaptable to
the home garden than many of the larger species. The inflores-
cence stays very showy for about three months when it blooms in
the winter, giving it great possibilities for mainland pot culture.

Heliconia marantifolia, (syn. H. metallica:) A rather rangy
and large plant to 8 with 3’ leaf blade purple beneath, green
above, atop a long petiole. Upright inflorescence in several
planes with 3" green to reddish bracts on lohg peduncles, flowers
red. This species is not as popular as many but it does have
merit if a contrast in foliage is desirable. Also probably not
desirable as a pot plant because of the size of the plant and
smallness of bracts and flowers. Native to Columbia.

Heliconia caribaea: A vigorous plant much too large (to 12’)
for the home garden so is seldom seen throughout the Islands.
The large banana-like leaf blades are to 5’ with a long petiole. It
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has a brilliant yellowish-orange upright 1’ inflorescence with
overlapping bracts, extremely handsome when in bloom in the
summer but at its peak for only about one month. Not recom-
mended for pot culture except perhaps as a tub specimen. Native

to the West Indies.

Heliconia illustris (syn. H. insignis): A magnificent plant to 4’
with large multi-colored leaf blades atop 1’ petioles. The leaves
feel like skin, in colors ranging from whitish to reddish, with red-
dish veins, the entire plant a kaleidoscope of hews of white, red,
copper, pink and rose. It does have inconspicuous greenish
bracts and flowers near the base of the plant but they are com-
pletely insignificant compared to the foliage. It has never become
common in Hawaii, which seems a mystery to me, but it certainly
has potential as a foliage plant for pot culture on the mainland.

Heliconia platystachys: One of the heliconias commonly
called hanging heliconia, along with several other species. Plants
large to 12’ with waxy white powder on the underside of large
leat blades to 4’, atop a very long petiole. Inflorescence hanging,
to 1v%’, bracts not touching or overlapping, bracts reddish also
with a waxy white powder. Neither in foliage or flower is this
particularly outstanding but it does indeed serve a purpose
where a tall whitish background plant is wanted as this heliconia
does not spread as readily as some of the others. It is also a
summer bloomer but would be considered too tall and rangy to
make an acceptable potted plant. Native to Guatemala and
Columbia.

Heliconia latispatha: Another large plant to 10’ with 4’ leat
blades atop long petioles; also a handsome summer bloomer and
very desirable where a bright orange is wanted in an area that
can accommodate large plants. The 1’ erect inflorescence is in
several open planes of orange bracts, flowers yellow and green.
Of course this one, too, would probably be too large and open to
make an attractive addition for a tropical plant collector on the
mainland. Native to Central America.

Heliconia sp.: Tall plant to 12’, large leaf blades to 4°’, 1’
erect inflorescence of several planes with reddish orange bracts,
flowers green and vyellow. Also too large for the average small
vard or effective pot culture.

Musa koa’e— Variegated maoli: While this is called one of
the native bananas, this means that it was used and eaten by the
early Hawaiian natives and not that the plant is native; the first
bananas were brought by the Polynesians as mentioned earlier.
This beauty produces very ornamental green and white striped
leaves in addition to its unique green and white striped {ruit
which must be cooked before eating. It is fairly small, propably to
6’, and a real addition to the tropical scene. It is thought to be a
form of Musa paradisiaca which probably originated in India.
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Musa ornata: A small ornamental banana growing in
clumps to about 5. Small inedible fruit is preceded by decorative
inflorescences with showy bracts of pinkish-rose color, usually on
erect stems. Once a clump is established there seem to be blooms
most of the year consequently this would also be a fine plotted
“plant.

Musa velutina: A prize ornamental clumping banana to 5’;
3"’ bright pink fruit of a velvety texture, later splitting open form-
ing what looks like a flower made of white cotton. The fruit is
inedible except to the birds who scatter the seeds throughout the
gardens. It makes an excellent potted plant because by the time
one plant is through blooming and has been cut off another is
ready to take its place. Native to India.

Musa coccinea: Probably the showiest of the ornamental
bananas, a 4’ clumping species with brilliant red upright inflor-
escences consisting of red bracts with yellow tips, total length
about 1’. These hold up for several days in flower arrangements.
[t sometimes sets inedible 2"’ greenish-yellow bananas. This has a
long blooming season throughout the spring and is unsurpassed
as a potted specimen. Native to S. China.

Musa zebrina: This is a taller ornamental banana to 15’
with handsome variegated leaves of green speckled with copper.
It is a bit too tall and sparse to be of use in a small garden but
might lend itself to pot culture with one of the growth retardants.

Musa arnoldiana: A large ornamental banana to 15, propa-
gated from seeds rather than suckers. Good possibilities for pot
culture with its decorative leaves, providing its growth could be
limited. Originally from Africa.

Strelitzia reginae — Bird-of-paradise: This is not only well
represented in Hawaii but in California and Florida as well; it’s
even the city flower for Los Angeles so I know you're all tamiliar
with it. Some of you may not realize that when the flowers have
dried they can be sprayed gold for stunning dried flower
arrangements. Native to Africa. You may not be tamiliar with -
Strelitzia nicolai, a tree-like species to 20’ with large white
tlowers enclosed in large brownish bracts, each weighing about
four pounds.

Ravenala madagascariensis — Travelers’ tree or travelers’
palm: Unique with its gigantic fan-shaped cluster of leaves at the
top of an unbranched woody trunk, to 30’ It is commonly called
travelers’ tree because water will accumulate at the junction of
the petiole with the trunk and could be a source of drinking
water if you were stranded. This water reserve serves as an extra
support to the leaves in a strong wind. From Madagascar.
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MODERATOR RAUCH: Thank you, Bettie, for that fine dis-
cussion on bananas. We have some exotic happenings occuring
‘on the mainland. Our next speaker trom the ‘‘Evergreen State”
also did his graduate work at UCLA and later went to Florida,
then returned to the State of Washington. I would like to call on
George Ryan to talk on ‘‘Chemical Control of Development.”
George:

CHEMICAL CONTROL OF
SOME ASPECTS OF PLANT DEVELOPMENT]1

GEORGE F. RYAN

Washington State University
Western Washington Research and Extension Center
Puyallup, Washington 98371

Abstract The use of growth retardants to induce flowering of ornamental
plants, especially azaleas and rhododendrons [Rhododendron spp.), 18 reviewed
Examples of recent data show approximately 200% increases in number of
flower buds on outdoor container grown ‘Anna Rose Whitney' rhododendrons
treated with Alar, Phosfon or Cycocel in their second season of growth.

The relationship between nutrition and response to growth retardants is dis-
cussed Nitrogen levels probably are as important for the growth retardant
response as reported for P levels. Data presented show a significant reduction in
number of flower buds where N fertilization was reduced or omitted, with only a
reduction in leat N from 19 to 1.7%

Results are presented of the use of chemicals to prune and induce branching
of Photinia x frasert The number of side branches was increased from 0.6 to 8 4
per plant by treatment with a combination of the pruming agent Off-Shoot-O and
the cytokimin SD 8339.

Nurserymen have become skiliful in the use of nutrients,
water, temperature, and sometimes supplemental light, to grow
vigorous plants to marketable size in a minimum of time. This
combination of factors for optimum growth rate does not always
result in a plant properly developed in terms of shape, branching
habit, or presence of flower buds. Much attention has been
focused in recent years on the use of growth regulating chemicals
to modify these characteristics of plant development.

CHEMICALS TO PROMOTE FLOWERING

Effects of growth retardants on flowering of azaleas and rho-
dodendrons (Rhododendron spp.] were first reported by Stuart

I, i . P -

Iscientific paper 4114 Project 0085, College of Agriculture Research Center,
Washington State Umversity, Pullman, Washington 99163.
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(28) and Cathey (2, 3). Rooted cuttings of rhododendrons were
grown in a greenhouse with supplemental night lighting and

treated by applying soil drenches of Phosfon (2,4-dichlorobenzyl
tributyl phosphonium chloride), or Cycocel [(2-chloroethyl) tri-
ethylammonium chloride]. or by spraying each growth flush with
B-Nine (succinic acid 2,2-dimethyl hydraside). Treated plants
usually produced flower buds on the third growth flush. After
three months of short photo-period followed by two months at
50°F, flowers were forced in a greenhouse with 65% night tem-
perature. Untreated plants remained vegetative until the ninth
flush, which occurred in the third season of growth.

Cathey and Taylor (6) reported that the stems of Phoston-
treated plants were limber and vyellow and the tlowers were
smaller and paler in color than normal. On Cycocel treated
plants the vegetative growth subtending the terminal flowers
developed and obscured the flowers. The leaves of Cycocel-
treated plants developed brown margins during the forcing per-
iod. When further evaluated on ‘Roseum Elegans’, Cycocel failed
to give satisfactory growth and its use was discontinued. B-Nine
sprayed at an excessive rate (1.0%) greatly delayed flower
development and reduced flower size and color intensity. As a
soil drench it was highly toxic to rhododendrons.

Following the procedures of Cathey, Crossley (10) reported
development of flower buds on Phosfon-treated ‘Anna Rose
Whitney’ plants in less than 12 months {from taking the cuttings.
He did not observe a weakening of the stems from Phosfon
treatment. He has had response from B-Nine and Alar but
considers the results from Phosfon more dependable (11).

A number of other studies of the response of several culti-
vars to Phosfon and Cycocel drench, B-Nine sprays and supple-
mental lighting have been reported (8, 9, 12, 20, 27).

Ticknor and Nance (31) were the first to report studies with
growth retardants on field grown rhododendrons. They recorded
100 to 3009 increases in number of flower buds on ‘Roseum Ele-
gans’ plants sprayed with B-Nine or Cycocel in the nursery
during their third year of growth. No adverse eftects on plant
color or on flower development were observed. A slight advance
in the blooming date of Cycocel-treated plants was reported. Two
applications of B-Nine at 0.5% two weeks apart were less effec-
tive than Cycocel at 1844 or 3688 ppm. There was very little
response from Cycocel at 1844 ppm on the same cultivar in 1967
experiments, even when two additional applications were made
on the second growth flush (29).

Because of the early reports of unsatisfactory results with
Cycocel and the weakening effect of Phosfon on plant growth,
work in western Washington with retardants was initially con-
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fined to Alar (succinic acid 2,2-dimethyl hydraside) (25). Two
sprays of 1 to 1.5% Alar were applied, the first one as soon as
growth buds had expanded enough to expose new leaves, and
the second one two weeks later. This treatment has greatly in-
creased the number of flower buds on some cultivars. All of the
work has been done with field nursery stock, or container plants
outdoors or under lath shade.

‘Humming Bird’ plants, which had only 3 to 5 buds per
plant in their second and third years without treatment, pro-
duced 18 to 22 buds with optimum rates of Alar. ‘Anna Rose
Whitney’ plants in containers treated in their second or third sea-
son responded by producing up to 8 times as many flower buds
as untreated plants. Cycocel sprays at 1844 and 3688 ppm on
field-grown 'Anna Rose Whitney’ in 1969 and 1970 were less ef-
fective than 1.25% Alar. A soil drench with Cycocel or Phosfon
gave nearly the same response in 1971 as two sprays of Alar at
1.25% or one spray at 2.5% (Table 1).

In cultivars that respond to growth retardants, the effect
apparently is additive to the influence of optimum nutritional
status for flower bud formation. Myhre and Mortensen (22}
reported that supplying an abundance of phosphorus to the roots
of ‘Cynthia’ plants at the time of planting resulted in large in-
creases in number of flower buds conpared with plants receiving
only surface application of phosphorus. It was later reported that
the number of flower buds was further increased by application
of Alar on plants that received high levels ot P (9, 25).

Nitrogen levels probably are as important for the growth
retardant response as P levels. In one experiment with field
grown ‘Anna Rose Whitney’, Alar increased flower buds 160% in
plants fertilized by pre-plant incorporation of P and annual
surface application of N (Table 2). Omitting the N application
reduced flowering much more than omitting the P application.
These plants were not obviously N deficient. Leatf N was reduced
from 1.9% to 1.7%o, but plant growth and color were good.

Alar, Phosfon and several other growth retardants increased
the number of flower buds on deciduous azaleas (26). Application
early in July reduced plant height approximately 20%,. Later
applications did not significantly affect plant height. Treatment in
August, especially at the highest rate (20,000 ppm), delayed
flower opening a week to 20 days the following spring.

Accelerated flowering from growth retardant treatment has
been reported for various other ornamentals, including Gardenia
(7), Camellia (13), Bougainvillea (14), Begonia (15), Pyracantha
(17), Ilex (21) and Impatiens (23).
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CHEMICALS FOR PRUNING AND INDUCING BRANCHING

The use of chemicals for pruning to control plant shape has
become an accepted practice with a few kinds of plants, par-

ticularly evergreen azaleas and chrysanthemums. The action of
methyl esters of cs to Ci2 saturated fatty acids and Cs to Ci2 fatty
alcohols on active meristems of a number of kinds of plants was
first reported by Cathey, et al. (5). More detailed information on
techniques and the response of more than 80 species and cul-
tivars have been reported (4, 18, 19).

For chemical pruning to be etfective in producing a well
branched plant, growth of more than one axillary bud is essen-
tial. Many plants when pruned either mechanically or chemically
have a tendency to resume growth from the uppermost axillary
bud. Pruning of those plants only temporarily delays the elonga-
tion of the main axis or a few branches and does not result in the
desired plant shape. One effect of the group of growth regulators
known as cytokinins is to reduce apical dominance and  promote
growth of axillary buds. Cytokinins have been reported to in-
crease branching of a number of floricultural crops, including
induction of bottom breaks in greenhouse roses (1, 16, 24).

Branching of Photinia x fraseri was greatly increased by 3
applications of 6-benzylamino-9-(tetrahydropyran-2-yl}-9H-purine

Table 1. Effect of growth retardants on flower bud formation and ‘height of
‘Anna Rose Whitney’ rhododendronl.

Number of Plant height?

Treatment flower buds? (cm)
Check 2.6 a 43.7 a
Alar 12,500 ppm 1 application 2.7 a 40.9 abc
Alar 12,500 ppm 2 applications 9.0 C 37.6 bcde
Alar 25,000 ppm 1 application 8.9 C 35.6 de
Phoston L drench 0.4 g/plant 7.3 bc 41.7 ab
Phoston L drench 0.8 g/plant 7.8 bc 35.8 cde
Cycocel drench 0.8 g/plant 3.6 ab 40.4 abcd
Cycocel drench 1.6 g/plant 7.7 bc 38.4 abcde

Iplants started from cuttings August, 1969; growing outdoors in 2 gal. cans;
treated May, 1971.

’Treatments followed by the same letter are not significantly different at the
5% level
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Table 2. Effect of nitrogen and phosphorus applications on response of ‘Anna
Rose Whitney' rhododendron to Alarl,

Fertilizer rate

(lb/A)
Alar Number of

N P application? flower buds?
40 105 — ‘ 5.9 bed
20 105 — 4.0 ab

O 105 — 3.1 a
40 0 — 5.9 bed
40 105 + 15.3 1
20 105 + 11.2 e

0 105 + 5.7 abc
40 0 + 11.2 e

1 Rooted cuttings planted in Puyallup loam soil June, 1969.

letrogen was applied annually as ammonium sulphate; P was applied by pre-
plant ncorporation of treble phosphate; K was applied annually in all
treatments

3Two applications at 12,500 ppm May 28 and June 12, 1970.

4Treatments followed by the same letter are not signmificantly different at the
5% level.

Table 3 Effect of pinching, Off-Shoot-O and SD 8339 on branching of Photinia x

fraseri 1
Number of side

Treatment branches per plant?
Check 0.6 a
Hand pinch3 1.1 a
Ott-Shoot-O 1.3 a
Hand pinch + SD 8339 3.5 bc
Off-Shoot-O + SD 8339 8.4 d
SD 8339 1.9 abc

1Rooted cuttings 1n 1 gal cans.

2Treated July 9 SD 8339 at 1000 ppm; second and third applications of SD 8339
July 16 and 23; Off-Shoot-O applied only July 8, at 4.2% fatty acids.

3Soft tips removed July 9.

%Treatments followed by the same letter are not significantly different at the
5% level
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(SD 8229). The greatest response was in combination with the
chemical pruning action of the methyl esters of Cg to Cqpo fatty
acids (Off-Shoot-O) (Table 3). Leaves on one or two growth
flushes following treatment were smaller, especially in length,
than normal. Later growth was normal in appearance, resulting
in an attractive, well-branched plant.

Chemicals such as these can help to eliminate some ot the

hand labor required to properly shape a developing plant. As
they become available commercially, and as experience in their
use increases, they should find a place in nursery practice.

10.

11.

12.
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MODERATOR RAUCH: Thank you, George. I am now going
to call on Clyde Elmore, Agriculture Extension Specialist, Univer-
sity of California, Davis, to talk on pollution by weeds. Clyde:

WEED POLLUTION
CLYDE L. ELMORE

Agricultural Extension Service [Botany]
University of California
Davis, California 95616

Plants are a necessary complement of our environment and
lend much beauty and pleasure to man. Plants may also be detri-
mental in many ways to the health, wealth and well being of man
and animals.

Much physical harm and discomfort arise from man and ani-
mals contacting thorny bushes and trees such as thistles, star-
thistle, gorse, or Opuntia sp., cactus, as well as plants with
lesser armament. Others of this type include members of the fam-
illies Cactaceae and Euphorbiaceae, generally of the desert
regions of America, Alrica and Asia. Plants also are poisonous to
man and animals. In the western United States sheep losses from
feeding on halogeton are great. In one reported case in Idaho
1,620 sheep were lost in a single day.

The expenditure of funds and lack of crop return for the
control of weeds cost the people of California over 374 million
dollars for a year (over 1 million/day). In the U.S. a staggering
2.5 billion figure was suggested in 1968.

Although the total costs of weed control in ornamentals
(Table 1) appear small in proportion to large acreage crops such
as corn, the dollar per acre figure is one of the highest of any
crop. As in other crops, costs increased considerably during a
period from 1959 to 1968. With increased labor costs, costs have
undoubtedly continued to rise.

Plants are not always weeds. They are considered to be
weeds when they interfere with land or water resource utiliza-
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tion, or adversely affect human weltare. A plant is a weed only
in terms of human attitude; thus, a plant that is a weed to one
man may be a wildflower to another. All plants may be weeds in
given circumstances but no plant is always a weed, although it is
difficult to imagine when poison oak or ivy would not be consid-
ered weeds.

Unwanted plants in nursery plantings (containers, field

plantings, and ground covers) can be considered pollutants. They
often are considered pollutants in the midwest and eastern
United States when ragweed (a hay fever plant) is shedding pol-
len.

The principal weed pollutants in the California container
nursery industry are Oxalis corniculatis, yellow woodsorrel;
Senecio vulgaris, common groundsel; Poa annua, annual blue-
grass; Euphorbia maculata, prostrate spotted spurge; Sonchus
oleracea, common sowthistle; and Cardamine oligosperma, lesser-
seeded bittercress. (Table 2) Susceptibility to some of the newer
herbicides are given. In a study of weed control costs to growers
in Massachusetts in 1967, O. Johnson! reported that few nursery-
men knew how much weeds are costing them. In field plantings,
however, costs ranged from $123/A to $600/A among seven nur-
series. In transplant beds costs jumped to $2,916/A to $6,256/A.

In a presentation made in 1971 at the Western Region IPPS
meeting in Santa Barbara, I reported the cost of hand weeding
newly-planted ground covers was $2,941 per acre where no her-
bicide was used. On some herbicide-treated areas costs for hand
weeding including herbicide ranged from $281 to $388 per acre.
These costs were for weeding two months after, treatment; little
additional hand weeding was needed during the remainder of the
season. An additional trial was conducted at the South Coast
Field Station, Tustin, California, during 1972 and combined hand
weeding and herbicide costs were determined for the full year of
establishment (Table 3). While these costs appear quite high, the
plot area was perhaps no weedier than some roadside plantings.

Weeds can compete for light and nutrients with ornamental
plants so severely that increases in growth of ornamentals of
50% or more can be realized where weed control measures are
employed. Hand weeding is not a complete answer to eliminating
or even greatly decreasing weed populations. In four California
container ornamental tests in 1972-73, hand weeding decreased
weeds over a three month period an average of 29%,. (Table 4).
By contrast, several herbicides reduced weeds on the average
from 53 to 88 percent over the sample period. The most effective
herbicide was oryzalin (SURFLAN® ) a new material not yet on

llohnson, Oscar, '‘Costs of Nursery Weed Control’’, The Rhode Island Nursery-
men’'s Newsletter, September, 1967, No. 31.
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the market but one of particular interest to nurserymen. Oryza-
lin, a soil-active herbicide, should be available by fall of 1974.
Oryzalin appears very safe to established ornamental plants
(Table 5), and it is also controlling some of the more important
weed species (Table 4). Weeds such as oxalis (Table 6), annual
bluegrass as well as other annual grasses are controlled. Control
has been less effective with spotted spurge and common sowthis-
tle. Oryzalin, like trifluralin, nitralin, and DCPA are quite weak
on common groundsel and lesser-seeded bittercress.

Another herbicide of particular interest is oxadiazon (RON-
STAR® ). This compound also appears to be safe on most woody
ornamental plants and ground covers and should find a place in
ornamental weed control (Table 5).

Although alachlor (LASSO® ) and dibutalin (AMEX 820° )
appear sale enough to use in ornamentals grown in containers,
they do not afford control of those weeds that are tolerant of
available herbicides. The residual control is shorter than nitralin
or oryzalin.

Residual control of annual weeds in containers may be from
3 to 4 months following treatment. This short residual control ot
weeds is principally due to the high adsorption capacity of the
organic potting mix and the excessive amount of water needed by
plants grown in containers. In ground cover field plantings, resi-
dual control may last 6 months or longer. The residual character-
istics of the newer herbicides are similar to simazine. Safety to
ornamental plants (Table 4) is many fold greater with herbicides
like trifluralin, nitralin, DCPA, oryzalin, dibutalin, than simazine.
Mammalian toxicity, like simazine, is quite low.

Although new herbicides are being developed that appear
safe to use in ornamental crops, usage may be slow to develop.
Registrations for use in ornamental crops are more difficult and
labeling by the chemical companies must be reviewed and imple-
mented for use. Herbicides must also be used as a tool in addi-
tion to good management and cultural practices that decrease
seeding of weeds and introduction of foreign seeds.

Table 1. Cost of Chemical Weed Control in the United States. 1968

il e,

Total Avg/Acre
Crops (1,000 dollars) (dollars)
Ornamentals 1,810 20.26
Lawns 112,708 29.46

Corn 204,483 4.18
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Digitaria sanguinalis ® b b < b s> & 3 33 A ® - - ® ® D B
(crabgrass]
Echinochloa crusgalli P @ 2> s> @ <5 < D 3 ® A A <> ® A ® <
(barnyard grass)
FEuphorbia maculata ® A o A ® A ® A D - - - - ® ® A D
[spotted spurge)
Poa annua 3 B D D @ b @ & 32} A A A A 3% <2 & s>
(annual bluegrass])
Portulaca oleracea B D < D ® 3% D ® S @ B - - < @ - -
(purslane)
Oxalis corniculatus ® A ® A A @ ® A ® - - ® ® A A - -
(weeping woodsorrel)
Senecio vulgaris ® o ® o ® A @ ® ® A A @ ® A & ® o
(common groundsel) _
Sonchus o ® @ ® ® A @ @ ® A A ® ® A v @ A
(sowthistle)

@ - good to excellent control 70% or higher; 4 - fair to good control 50-70%; ® - poor to fair 20-50%; - not sufficient data
*lb/A is pounds active ingredient per sprayed acre



Table 3. Field Grown Ground Covers Weed Control Costs [(Dollars]

o _ Herbicide* Weeding  Total Total cost per

Herbicide b a.i./A cost cost/A cost/A 1000 sq. ft.
diphenamid + 10 & 2 82 551 632 15

trifluralin
nitrofen 4 38 1,892 1,930 44
alachlor 4 38 853 890 20
dibutalin 4 321 054 088 23
oryzalin 2 36’ 515 550 13
oxadiazon 2 401 396 435 10
nitralin 2 36 1,275 1,311 30
nitrofen + 4 & 2 66 533 600 14

nitralin
hand weeded - - 5,063 5,063 116

control
"Herbicides applied 7/13/72; 3/9/73 ($7.50 application cost)
1 estimated price (no market price established)
Table 4. Average Over-all Weed Control from 4 Trials - Percent

Herbicide Rate* 1b a.i./A 1 9 3 4 AVC
DCPA 10 42 58 65 49 53.5
DCPA 15 50 7H 76 36 159.3
trifluralin 2 26 81 88 59 63.5
trifluralin 4 51 64 98 76 72.3
alachlor 2 53 68 64 46 57.8
alachlor 4 52 55 75 56 59.5
alachlor 8 42 75 92 68 69.2
oxadiazon 1 54 69 77 78 69.5
oxadiazon 2 64 73 88 78 75.8
oryzalin 2 50 55 99.3 82 71.6
oryzalin 4 75 80 99.6 82 84.2
oryzalin 8 90 72 99.7 92 88.4
hand weeded - 20 64 4 29 29.3

*Ib a.1./A = pounds active ingredient per sprayed acre
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Table 5. Plant Species Tested by Herbicide!. Number - Maximum 1b a.i/A

Applied without injury.

o}
o £ - & 8 S 3 5
E @ E = & 3 5 € 5 G
* s 2 F 8§ €% % L .2§ % 3
Plant Species g T E B T‘; X 8 75 & g
Ajuga reptans S - 2%+ - - - 8% 8* 2%f 4* -
Berberis darwinii - 4 4 4 8 4 - - - - 4
Buxus microphylla var. japonica 2* 4 - - 2* - 15 16* 2*T - -
Callistemon citrinus 2 8 8 8 8 2 15 - - - 8
Carpobrotus edulis? S 2 2 4 8 4 8 4 2 4 8
Ceanothus gloriosus - - 4 4 4 4 @ - - - - 4
Cotoneaster lacteus (c. parneyi}] 2 4 - 8 8 2 15 - - - -
Delasperma alba g 2% 2% 4% Bx 2% 8x 4% 2%t 4% g*
Erica canaliculata ‘Rosea’ 0.5 - 2 - 8 - - 16 2 - B}
Escallonia ‘Fradesi’ . 4 1 8 8 2 15 - - _ .
Eucalyptus sideroxylon - 4 . 8 8 2 15 - - - -
Euonymus japonica 2 4 - 8 8 2 15 - - - _
‘Aureo-variegata’
Gazania splendens S 2 2% 4% - - g*x 8* 2*t g* -
Grevillea ‘Noelli’ 0.5 2 2* - g* - - 16* 2% - -
Hebe buxifolia 0.5* 2 2% - 2% - - 8% 2%t - -
Hedera canariensis 0.5 2% 2% 4* 8* 4% g* g* 2%t g* g*
Hedera helix 0.5 2 A - - 8* 8% 2% gx -
Hypericum calycinum S 2 A - - 8% 4% 2%F 4* -
Ilex aquifolium ‘San Gabrial’ 3 4 - 8 8 2 15 - - - 8
Ilex cornuta ‘Rotunda’ 3 4 - 8 8 2 15 - - - -
Juniperus chinensis ‘Torulosa’ 4 4 - 8 8 2 15 - - - -
Juniperus chinensis ‘Wiltonii’ 2 4 - 8 8 2 15 - - - -
Juniperus sabina ‘Tamariscifolia’ 4 4 - 8 8 2 15 8 2%t - 8
Ligustrum j*aponicum 2 4 4 8 8 4 15 - - - 8
Hymenocyclus luteolus S 2 2% 2% 8% - 8* 4* 2%t Bg* -
[Malephora luteolum}
Myrtus communis - 4 2 8 4 1t15 - - - 4
Nerium oleander 2 4 4 8 8 2 15 - - - -
Osteospermum fruticosum S 2* 2% 4% 8% 4% 8% Bx Bx gk G
Photinia x fraseri 1 4 - 8 B8 2 15 - - - i
Pinus thunbergiana 8 4 - 8 8 2 15 - - - -
Pittosporum tobira 1 4 - 8 8 2 15 - - - 8
Pyracantha coccinea 2 4 - 8 8 4 20 8 - - -
Rhaphiolepis indica 8 4 - g 8 2 15 - - - -
Sedum brevifolium 0.5% 2% 2% 4% 4% 2%t Bx 4% Bk gx g
Ternstroemia gymnanthera - 4 - 8 8 2 15 - - - .
Trachelospermum jasminoides - 4 - 8 8 2 15 - - - -
Vinca major 0.5 2* 2*x 4* g* 2* 16* - - 4* 8*
Vinca minor 0.9* 2% 2% 4* 8* 4% 4* 8g* 2*t g* g*
Xylosma congestum 05 4 - 8 8 2 15 - - - -

1plants established from liners in gallon containers; a minimum of 3 weeks.

2Planted as unrooted cuttings.
*Newly planted rooted liners.

Tlniury occured at lowest rate applied.
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Table 6. Control of Oxalis corniculatus With Four Herbicides in Container
Grown Ornamentals

Herbicide 1bRaa.;[iA | ng’?foc}a pyr{(]381"(;I:"I‘:"t’?lfl N Tﬁfggjéght
Indicesb

trifluralin 4.0 9.1 g7.9 101.8 a
oryzalin 2.0 10.0 84.2 98.7 a
oryzalin 4.0 10.0 66.2 93.7 a
oryzalin 8.0 10.0 108.8 97.4 a
linuron 1.0 9.2 100.6 80.8 abc
simazine 2.0 4,2 84.6 98.4 a
slimazine 4.0 ° 9.1 77.5 100.8 a
simazine + charcoal 4.0 5.1 103.5 68.3 C
linuron + charcoal 1.0 8.0 118.7 82.3 abc
charcoal - 9.7 104.1 72.4 bc
weeded - 2.8 72.0 94.9 a
non-weeded - 1.9 68.2 90.8 ab

40 = no effect; 10 = complete control

bHeight in cm x diameter in cm

2
©Any mean followed by the same letter is not significantly different at the 0.05
level

Further research is being conducted on several aspects of
the control of weeds, including application methods of sub-sur-

face blading for control of Convolvulus arvensis (field bindweed),
microwave irradiation of seeds as preplant treatments, as well as
determining safety and use of new and established herbicides.
The future is bright for methods to combat weeds in our environ-

ment.

MODERATOR RAUCH: Thank you, Clyde. I would now like
to turn the program back to George Oki.

GEORGE OKI: For the second halt of this morning’s session
Tok Furuta will act as moderator.

TOK FURUTA: We will now resume the program with a
discussion by Howard Brown on his experiences in visiting some
nurseries in England.

101



A DAY AT EXBURY
HOWARD C. BROWN

California Polytechnic State University
San Luis Obispo, California 93401

During the spring quarter this year I had a sabbatical leave
from my teaching assignment at Cal Poly. My wife and I made a
horticultural tour of the Southern United States and spent an
enjoyable six weeks in Great Britain.

When we started planning the British junket over a year ago
we contacted Richard Martyr, a member of IPPS, GC.B. & I.

Region, and Director of the Horticulture College in Pershore.

Richard was most helpful in setting up a tour of British horticul-
ture.

I'wo of our most worthwhile and interesting experiences in

Britain were the IPPS Day at Exbury Estate and the Chelsea
Flower Show. I want to tell you today about Exbury.

This famous estate, the home of the Rothschilds, is located a
short distance from Southampton in Southern England. Our visit
was on May 9 and we were hosted by the IPPS Region of Great
Britain and Ireland. The estate consists of over a thousand acres.
In addition to the home grounds there is an arboretum of over
250 acres devoted to rhododendrons and other exotic species, a
game bird farm, a wholesale nursery, and a retail garden centre.
The grounds are open to the public and during the spring are

visited by many thousands of people. Attendance is especially
high on weekends.

We had a guided tour of the nursery operation and found a
variety of crops being propagated in the glasshouses and cold
frames. In addition to rhododendrons and azaleas there were
camellias, Japanese maples and conifers in profusion.

All the soil is purchased from an aggregate company and
instead of being the traditional John Innes compost it is a U.C.

type mix. Osmocote is incorporated in the blending operation at
the rate of five pounds per vard.

The glasshouse structures were particularly interesting and I
said to myself, “They don’t build ’em like that today.” Con-
structed in 1925 of teak wood, they are still in excellent condi-
tion. While they were built as show houses or hobby houses, they
lend themselves reasonably well to commercial production. Dur-

ing the spring they are double-decked with newly-propagated
plants.

Most cuttings are potted into clay pots in a light soil mix.
When established, they are set onto level benches or plastic-lined
ground beds with a layer of sand and watered by capillary
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action. This appears to work well in the climate of Southern Eng-
land.

Exbury is most famous for the Exbury azalea, many cultivars
of which have been introduced to the nursery trade. We were
told that one of the Rothschilds had introduced over 1000 culti-
vars.

One of the most impressive crops now being grown is the
“Exbury Extra Heavy Standard Tree.”” Bare root two-year old
trees are purchased from British or Dutch nurseries and lined out
on 8’ x 8’ spacing. They are staked with sturdy poles and allowed
to grow for 3 to 4 years at which time they are semi-balled for
sale. This makes a tree of approximately 3-inch diameter with a
height of from 12 to 15 feet. Most of these are sold to ‘‘local auth-

ority”’ (city or county agencies) and they produce a quick effect
as street trees and shade trees. Drip irrigation was used experi-
mentally and proved so effective that many acres of it are being
installed.

While British nurseries are generally small by American
standards, the Exbury tree program is not. By the end of this
year they will have over 400 acres of these trees — approx-
imately 50 percent of them in the Exbury area and the remainder
at several other locations in Britain.

I brought home one strong impression of the British as a
businessman.Whatever he does, he does with great pride. He
wants to be the best in his class.

TOK FURUTA: Our next speaker is again not a stranger to
those of us in Calitornia. Carl Zangger is vice-president of Perry’s
Plants, headquartered in La Puente, California, but they have
growing grounds in several other places as well. Carl is a past
president of the California Association of Nurserymen. I would
now like to present Carl Zangger who will talk on greenhouse
coverings. Carl:
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GREENHOUSE COVERS — POLYETHYLENE,
FIBERGLASS, OR GLASS?

CARL ZANGGER

Perry’s Plants, Inc.
La Puente, California 91745

When I was asked to speak on this subject, ‘Polyethylene,
Fiberglass or Glass — Which Would I Prefer’, I had never seri-
ously considered whether I really had any deep preterences.
Probably like most growers we had gone along solving problems
as they came up in the most suitable manner, dictated by eco-
nomic necessities. I think it is sate to say there are a far greater
number of growers in the United States today who have had to
consider the necessities of economics in this decision than those
fortunate enough to have ample funds available so that the deci-
sion could be one of a purely technical or scientific decision. Not
being a student or a researcher I am not going to attempt to
delve into all the various considerations of depreciation, taxes,
investment costs, etc. that should be considered as I am sure that
each one of us is going to have to make these decisions for him-
self depending upon his local situation with regard to taxes and
building codes and his own requirements for climate control.

Let us consider the various advantages and disadvantages of
each:

Polyethylene;
Advantages: Low initial cost for supporting struc-
ture.
High light transmission — good diffusion.
Tight and weather proof.
Heat Saving — By using double layer with air space one
can save approximately 409 in heating costs.

Versatility of use of structure.
Good humidity retention — less watering.
Because of lower capital investment — lower taxes.

Disadvantages: Short life — generally six months to one
year, depending upon type of polyethylene
Easily damaged — vulnerable to storms.
Condensation and drip problems.

Fiberglass:
Advantages: Economy — less expensive than glass.

Ease ot construction. Lightweight. Rigid.
Diffused light.

Semi-permanence; good for several years.
High humidity retention.

Tight and weatherprootf.
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Disadvantages: Not as permanent as glass.
Light transmission deterioration. Expense of treatment.
Taxes higher for more permanent type structure.

Glass:
Advantages: Excellent light transmission.
Permanent.
No condensation problems.

Disadvantages: High initial cost.
More heat requirement — not as weathertight.
Higher maintenance.
Taxes higher for permanent structure.

These are the most obvious advantages and disadvantages of
each. We could more than likely get into some lively discussion
about the quality and type of light rays transmitted, etc., but in

my requirements these more technical aspects were not major
considerations.

We are growers of bedding plants and ground cover plants,
grown in flats. We have a high seasonal requirement for a great
deal of greenhouse space during winter and spring. We have a
high requirement for shade house spacing summer and early fall.
Initially in the construction of our nursery we erected several
conventional glasshouses. We like these very much and I would

not want to give them up. We use them for production of our
seedlings principally, and for other of our most vulnerable crops.
I like the feeling of security we have on a windy day or night
that our hundreds of flats of seedlings in various stages are not
going to lose their protection.

We also have several acres of poly houses with which I am
very pleased. As I mentioned we have a very large requirement
for greenhouse space in spring. Poly gives us this space. We have
experimented with many types of poly structures through the
yvears and now have several with which I am very pleased. They
offer reasonable security to storms and, with good equipment for
climate control, are as good as or even better than glass for pro-
duction of our type of crops. Also, we can remove the poly covers
in summer and cover with saran shade cloth to give us additional
shade houses for production of our summer crops.

We have, as I mentioned, several types of structures. We
are now adapting all of these with the relatively new method of
fastening poly down by clamping it between two pieces of ex-
truded aluminum which are made specifically tor this purpose.
This is a great time and labor saver in the annual job of replac-
ing the poly covers and provides a very secure method of fasten-
ing. We are also now covering most of our poly houses with two
layers of poly and blowing air from within the houses between

105



the two layers to separate them and provide air space which acts
as an insulating barrier, resulting in a great reduction in heating
costs. Another benefit of the air inflation is that we have less
flapping of the poly which extends the life by several weeks or
months.

We also find that we have far less vulnerability to wind
damage with the inflated poly covers. One other advantage is the
tremendous reduction in condensation within the house.

We have one fiberglass house which does a good job for us.
However, I am not as fond of it personally as I am with either
our glasshouses or our newer poly houses. I will admit that our
fiberglass house was an economy model. We used a light-weight
fiberglass that was not coated, consequently I can see considera-
ble deterioration in light transmission. We have not, in all fair-
ness, given the maintenance to the fiberglass that it should have.
In last winter’'s severe wind in our area several panels were
blown off the roof so there is some vulnerability. But considering
the cost of the structure it was a good investment for us and fills
a need we have for production of several of our crops. I have
seen several very fine ranges of fiberglass houses of which the
owners were very proud and producing some top quality materi-
als.

In conclusion, I would say that we have a need In our
operation for all three. Sure we could do with any one of them
and do an excellent job but, if I had my druthers, I would do just
as we are. I think they all have their place and we need each
one.
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SOME LITTLE KNOWN METHODS OF VEGETATIVE
PROPAGATION OF SELECTED PLANTS

MARGARET E. MARSTON

Department of Agriculture and Horticulture
University of Nottingham School of Agriculture
Sutton Bonington, Loughborough, England

VEGETATIVE PROPAGATION USING IN VITRO CULTURE
TECHNIQUES

When the main objective is the rapid multiplication of a
selected individual, in vitro culture techniques may prove to be
the answer. Ever since Morel showed that thousands of potential
plants could be produced from one meristem of a Cymbidium in a
year, it has been the dream of tissue culture workers to repeat
‘meristem culture of orchids’ with other plants. Plant breeders
are particularly interested, as years may elapse between hybrid-
izing and obtaining flowers. When selections are made, selected
individuals must be bulked up as rapidly as possible into clones
so that cultivar trials may then be carried out. Although plant
breeders are only too aware that genetical variation may occur
in culture and that precautions must be taken, nevertheless Eu-
carpia, the European Plant Breeding Association, spent much of
its five-day conference, in Leeds, in July, 1973, discussing aseptic
methods of vegetative propagation.

The range of material which responds to in vitro culture
techniques is increasing rapidly. Recently, John Innes Institute
has been successful with a number of flower bulbs and corms,
including hyacinths, lilies, muscari, narcissi, freesias and glad-
ioli, but so far have failed with tulips. Because 10 years, at least,
generally elapse between hybridizing and the commercial intro-
duction of a new bulb selection, attempts to reduce the long per-
iod of time are to be welcomed.

Virologists are also keenly interested in aseptic methods of
vegetative propagation. Returning to Morel’s orchids, it will be
remembered that his technique for rapid multiplication followed a
chance observation when he was culturing meristems with the
aim of obtaining healthy plants from them, because the original
plants had cymbidium mosaic. If meristem culture samples, from
a flask of young orchid plantlets prove, on testing, to be free of
certain viruses then it may be assumed that the remaining plant-
lets are likewise free. (Should the sample show the presence of
these viruses then all plantlets would be destroyed). This is now
the aim — to clean up infested plants and at the same time multi-
ply in vitro. Much time and labour is saved as testing plants for
the presence of viruses may be a long process. Davies (2} at John
Innes has developed a technique for rapid multiplication of free-
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sias, which he propagates from thin slices of the stem of the
intflorescence, and hopes to render infected plants virus-free at
the same time. Adams (1) at East Malling Research Station ob-
tained virtually unlimited numbers of healthy strawberries from
virus-infected ones, using a meristem culture technique. Greater
progress will doubtless be made when we know more about the
behaviour of plant viruses in tissue culture. Walkey (5) studied
this problem and among other plants was able to free virus-

infected cauliflowers from virus by culturing minute portions of
the curd.

I[s there any place for in vitro propagation in the commercial
production of plants? For high value plants such as orchids it has
already been shown that there is. For difficult-to-propagate
plants where, at present, there is no teasible method of vegeta-
tive propagation, there well may be. A great deal of research
work has already gone into attempts to produce plants of the co-
conut and oil palm but, so far, woody plants are proving to be
exceedingly difficult and few have responded. This summer, there
was a T.V. programme about aseptic culture techniques at pres-
ent being used by a large commercial laboratory in England. This
may be the forerunner of specialist concerns which propagate, on
factory-lines, high value crops, for sale to nurseries in flasks for
growing-on, as if they were young seedlings.

General principles are evolving, although modifications have
to be made for different species and even for different cultivars.
Plant propagators will be glad to know that tissue culture
workers are beginning to realise that the history of the plant, and
the plant material selected for propagation, may be important! It
is also beceming clear that it is worth studying the plant which
one wishes to propagate!

I am now going to describe how we have propagated a few
plants by rather unusual methods. I will start with asparagus.

VEGETATIVE PROPAGATION OF ASPARAGUS
BY AERIAL SHOOT CLUSTERS

Plants of asparagus (Asparagus officinalis L.) are normally
produced from seed, but the quantity and quality of edible spears
per plant varies considerably. Plant breeding programmes have
been handicapped because male and female flowers arise on dif-
ferent plants and there has been no reliable method of vegetative
propagation of selected individuals. Division of a plant into sever-
al pieces is cumbersome and gives a low rate of multiplication;
shoot and root cuttings fail to regenerate.

During the last decade research workers in a number of
countries have succeeded in producing plants in vitro, but their
subsequent establishment and further growth after transferring

109



to compost and a normal environment created problems asso-
ciated with the character of the plantlets and not with lack of -
green fingers. John S. Aynsley, a research worker at Nottingham,
had been doing anatomical studies on such plantlets and had
been comparing their growth with that of seedlings. In the course
of his work he noticed that sometimes a main shoot of a young
seedling carried a small cluster of shoots. Subsequently, he ob-
served that clusters of shoots may develop on shoots of field-
grown plants at the end of the season. These clusters are like the
aerial part of an asparagus plant; shoots develop one after the
other and small buds develop at their base so that a crown is
built up. Hence, if these shoot clusters could be induced to pro-
duce roots there would be a means of vegetative propagation
without resource to aseptic culture techniques.

Quite independently, Yang and Clore (6] of the Washington
State University have also observed aerial crown formation and
have described the subsequent development of these crowns into
apparently normal plants.

Aynsley failed to root the shoot clusters using conventional
propagation techniques, bud did so in vitro when he used a nutri-
ent medium supplemented with sugars. However, his propagation-
al material was thin and spindly and attempts were then made to
induce shoot clusters on asparagus plants grown in pots in a
glasshouse and in a growth room. By removing the crown buds of
an established plant but retaining some good growing shoots,
small shoot clusters did develop on the proximal part of these
shoots. Roots formed in situ — good rooting was obtained when
the plants were laid on their side and the bases of the shoot clus-
ters lightly covered with compost — and so the parent plant
looked as if a number of seedlings had been attached to it!

The challenge is now to find a quicker means of inducing the
formation of shoot clusters. We would also like to develop a tech-
nique for treating clusters like cuttings so that they could be
removed from the plant at an early stage.

There should be no risk of genetic variation when asparagus
is propagated by shoot clusters, a risk that has to be considered
when certain aseptic techniques are used. But whether or not the
shoot cluster/aerial crown technique ever becomes an economic
proposition, we have a good example of how plant behaviour may
be modified by physical manipulation.

PROPAGATION OF HYACINTHS BY SCALING

Since at least the 17th century, the Dutch have propagated
hyacinths by ‘‘scooping” and by ‘‘scoring’’. Commercially, an
artificial propagation method is essential since a hyacinth bulb
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only produces about one small offset per year. Present commer-
cial practice entails the critical control of both temperature and
of humidity in specially designed bulb chambers. These two tech-
niques are quite unsuitable for use in a plant breeding pro-
gramme where there is only one bulb available, asscooping and
scoring both destroy the parent bulb and the plant breeder has to

gamble on ending up with either dozens of small bulbs or none at
all!

It is possible, however, to remove a few of the scale leaves
which completely surround the bulb, dust the remaining core of
the bulb with a fungicide and replant it (4). The bulb suffers a
check, but recovers. To facilitate removal of the scale leaves, a
circular cut should be made immediately above the basal plate,
to a depth of two or three scale leaves depending on the size of
the bulb. By then making 4 to 6 cuts of the same depth from the
nose of the bulb to the circular cut, a number of ‘‘scale pieces”
result, in fact they resemble lily scales. The bulb should be left to
dry for about an hour before gently teasing off the scale pieces.
We have good results by dusting with captan (15% dust) and lay-
ing them horizontally in a peat/grit mixture (1:1 by volumej. Al-
though the environment is not critical an initial period of some
weeks in a warm house (minimum temperature around 16°C) re-
sulted in slightly larger bulbs the first year.

Small bulbs develop, as on lily scales, at the proximal cut
surface and within a few months may produce thin and onion-like
leaves. When the foliage has died down the original scale piece
will be found to have disintegrated, but one or two bulbs should
have developed. From then on the small bulbs are treated as if
they had been produced by scooping or scoring.

A somewhat modified technique could be used for any of the
commercial cultivars where there is no need to retain the parent
bulb. The base of the bulb may be sliced off and the remaining
upper part quartered. All but the smallest, i.e. innermost, scale
pieces are likely to produce one or more small bulbs. The scale
pieces may be kept in a cool house which is heated sufficiently to
keep out frost. Although fewer bulbs may result than in the con-
ventional techniques of scooping and scoring, the method is quick
and does not require any special facilities.

The basal plate should also be inserted as it also may pro-
duce a few bulbs!

PROPAGATION OF ROSES BY ROOT CUTTINGS

Over the last few years we have built up a collection of
about 40 rose cultivars on their own roots. These have mainly
been propagated by one-node cuttings, each consisting of a short
piece of stem, one leat, and its axillary bud (3). This collection

111



has given us an opportunity to tind out whether rose cultivars
could be propagated by using root cuttings.

Our first attempt was in January, 1972 with the hybrid tea
cultivar ‘Fragrant Cloud’. Plants were obtained and their flowers
proved to be true to type. (Cultivars raised by normal methods of
plant breeding should come true, but those arising as ‘sports’
might not — mutations which are periclinal chimeras are gener-
ally not reproduced by root cuttings.) These plants of ‘Fragrant
Cloud’ were grown on in pots. Within months a number of shoots
arose from the base of the plant. At first sight this seems to be a
good characteristic, but only time will tell whether or not sucker-
like shootssubsequently develop from the roots. There is always
the possibility that such shoots could be as much of a nuisance as
suckers from roses which are budded onto rootstocks.

This last winter we did a small exploratory experiment with
‘Prima Ballerina’ (H.T.). Root cuttings were inserted in late De-
cember 1972, because plants produced early in the new year
would then have ahead the whole of a growing season. (Experi-
ence with propagation by one-node shoot cuttings has indicated
that young shoots may rosette in autumn, unless supplementary
light is given, and such checked plants are liable to succumb to
attacks of botrytis and mildew.) A number of other cultivars were
also propagated in December and in April. Under our conditions
much better results were obtained from the earlier date. How-
ever, until batches of root cuttings are inserted regularly
throughout the year, in a number of ditfferent environments, it
will not be possible to state whether there is a definite ON/OFF
cycle as with root cuttings of red raspberry (Rubus idaeus L.).

Many modifications could be made to the techniques which
we have tried. Our root cuttings were 5 cm long. All thicknesses
from about 3 mm to 15 mm diameter were included, but were not
kept separate. Most of the thinnest cuttings did not regenerate,
whilst some thick cuttings developed shoots ahead of new roots
and many of these shoots withered and died. Our observations
suggest that an adventitious shoot develops near to, but not at,
the proximal end of the root cutting and the first new adventi-
tious roots develop near to, but not at, the distal end.

In our preliminary work, a greater proportion of root cut-
tings have regenerated when inserted horizontally than when
inserted vertically. Although fewer cuttings may be inserted hori-
zontally than vertically in a given area, a shallower depth of
compost is required. It is also quicker to chop a length of root
into pieces for horizontal insertion than for vertical insertion, as
there is no need to indicate the distal end with a slanting cut.

A technique which is used with raspberry root cuttings and
which is worth further investigation with roses is to remove the
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developing shoots when a few centimetres long and insert these
as shoot cuttings. With the rose cultivars which we have tried
such cuttings inserted under mist and given bottom heat rooted
readily. The original root cutting if left undisturbed may produce
further shoots. If it is the intention to try this modification, root
cuttings should be inserted horizontally, as it is much easier to
remove shoots from horizontally orientated root cuttings than
from vertical ones.

Our root cuttings were inserted in a peat/grit mixture. No
growth substances have been tried, but a greater percentage of
root cuttings regenerated when they were lightly coated with
captan (15% dust) by shaking gently in a polythene bag. The en-
vironment does not seem to be critical. In a warm house (mini-
mum temperature around 16°C) those root cuttings given bottom
heat at around 20°C regenerated more quickly than those with-
out. Root cuttings in a cool glasshouse which received enough
heat to keep out frosts eventually regenerated, but not until a
number of months had elapsed. Overall, the percentage of ‘Prima
Ballerina’ root cuttings, made in December 1972, which regener-
ated in each environment was about 50%, but thick and thin cut-
tings had been included. When root cuttings of a number of culti-
vars were inserted in late April their performance was erratic;
eight cultivars gave some regeneration whilst 6 failed completely.

Flowering of plants produced from root cuttings inserted in
winter is unexpectedly quick. Pot-bound plants in 8.4 cm dia-
meter pots may flower within several months but, although the
colour of the flowers may be true, there may be few petals, thus
giving the appearance of wild roses. It is probably best to keep
plants growing steadily and to remove flower buds and not allow
them to tlower until late summer.

Experimental work in the future depends on having a supply
of roses on their own roots. One great disadvantage in using root
cuttings is that the parent plant may be severelychecked — if not
destroved. Nevertheless, if rose bushes from root cuttings prove
to be of an acceptable quality, stock plants might be grown spe-
cifically for this purpose. Root cuttings could help in year-round
production of roses and could provide an indoor winter job re-
quiring relatively unskilled labour. However, this is looking into
the future. I must emphasise that this account of propagating
roses by root cuttings is based on observational work and that
statistical analyses have not been done.
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DISCUSSION

In reply to a question posed by the President, Harold Tukey
agreed that in the eastern United States the trend is to the devel-
opment of specialised commercial laboratories operating on con-
tract for growers rather than individual nurseries attempting to
carry out their own work.

Mehlquist enquired as to the effects of nutrition on aerial
shoot production but the reply indicated that little was known in
this field, asparagus tending to produce its aerial shoots when
nutritional and/or environmental conditions were unsatisiactory.

Jim Wells was interested in the comparative performance of
roses produced by the different methods of propagation, but the
work was at too early a stage to make any reasonable observa-
tions. In answer to an enquiry as to why propagate irom roots at
all the speaker replied — ‘Curiosity.” The President asked about
cultivar response in the rooting of rose varieties. Dr. Marston, in
reply, indicated that although they had not failed with any culti-
vars there had been a varying response according to cultivar. As
to why single leaf bud cuttings had been used, she intimated that
usage of plant material did not then exceed that required for
budding. Referring to plant development of roses on a rootstock
as compared with roses from cuttings she indicated that habit
was often different — viz. ‘Iceberg’ {(a white floribunda) was
more compact on 1ts own roots.
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ROOT-SOIL RELATIONSHIPS
P. B. H. Tinker

Department of Plant Sciences
The University of Leeds

I think most ; eople would agree that root studies have been
relatively neglected in the past. The internal anatomy of roots
has been studied often, but the study of their distribution and
function in soil has suifered from the simple fact that they are
concealed. Excavating roots is a tedious matter, and even suc-
cessful excavation destroys the experimental material. Neverthe-
less, studies on roots seem to be increasing rapidly, and they re-
ceived a large impetus from the 15th Easter School at Nottingham
University in 1968 which dealt with root growth. Further, the de-
velopment of the Agricultural Research Councils Letcombe Labor-

atory has led to some exciting work.

[ cannot summarise all recent work in one paper but for con-
venience we can classify such studies under these headings:

. Root detection and measurement.

. Root system morphology and distribution.

. Root system function in nutrient uptake.

. Root system function in water uptake.

. Roots and soil biology.

want to discuss some recent work in groups 2, 3 and 5.

O W N =

Root Distribution. The basic question is how much root a
plant needs to supply itself with sufficient water and nutrients. It
has been suggested, mainly from root pruning experiments, that
crop plants have much more root than they now need, because
they evolved in competitive situations where this large amount
was needed. When cultivated, the plants might manage with less.
[ think that such generalisations may be dangerous — the amount
of root which a plant needs depends upon the soil and climate, as
well as the degree of competition and growth.

It is well known that the root/shoot ratio is small in condi-
tions where nutrients and water are in good supply, and vice
versa. Adding nutrients, particularly nitrogen, will increase the
root proportionately less than the shoot, and if sufticient is ap-
plied, the total root mass may actually be decreased. Individual
parts of the root system also respond to local soil conditions and
either nutrient concentrations or soil compaction or, even the
presence of other roots. Thus roots react to a small localised
application of P or N by branching and proliferating in that area,
though the growth rate of the primary root apex may be greatly
diminished. Thus, root systems in poor or dry soils tend to be
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sparse, thin and widespreading, whereas root systems in fertile
and well-watered soils are dense, compact and heavily branched.
If too much fertiliser is added, salinity problems are encountered
which may reduce growth of roots, and ot tops, drastically. Some
of the results of Thiessen and Carolus [3) are quoted in Table 1,
to indicate how large the eftects may be.

Table 1. Main root elongation in 2 days for tomatoes, growing with various addi-
tions of 10-52-17 fertiliser in 6 inch pots with sandy loam soil.

Fertiliser rate Osmotic pressure of Root elongation
g soil extract, bars cm
0 0.11 0.39
2 G.17 0.85
4 0.18 0.65
8 0.24 0.21

The stimulating eftects of small doses of fertiliser, and the
detrimental effects of too much soluble salts, are evident. In gen-
eral, damage can be correlated with the osmotic pressure of the
solution, and 1-2 bars seems to be a danger limit, but this
depends greatly upon the nature of the salts, and the plant spe-
cies. It has been known for a long time in general terms that
plants react in these ways, but if you ask what the mechanisms
are which cause it, or exactly how large the effects are, I cannot
give any precise reply.

Root system efficiency. It is laboring the obvious to say that
a plant only takes up nutrients because it is growing. It is the
speed, or rate, of nutrient uptake we should be interested in, not
total amounts. If we know the growth rate of the plant, the per-
centage of a nutrient in it, and the quantity of root, we can cal-
culate the uptake rate per unit length or weight of root. Quite a
lot of information on mean uptake rates is becoming available
now (2), and it is quite surprising that this average rate, for
young, healthy plants is not too dissimilar among different spe-
cies. Roughly, it seems that 1 gram of plant root needs to supply
the plant with about 1.5 mg/day N, 0.2 mg/day P and 3 mg/day
K to keep it growing at full speed. The whole question of plant
nutrition is whether it can maintain this rate. If the root is to ab-
sorb at this rate, it must get the nutrients from the soil around it,
and we ask now whether the soil can supply nurrients at the re-
quired rate. Obviously, the soil close to the root becomes de-
pleted, and the supply of nutrients to the root depends upon the
process of diffusion of ions in this depleted zone.
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A lot of effort has been expended on studying the movement
of nutrients in this thin layer of soil close up to the root, since
this determines the rate at which ions arrive at the root surface.
We have had to simplify, because the real state of soil near the
root is exceedingly complicated, heterogeneous and variable. Our
aim has been to identify those soil properties which determine the
rate at which ions arrive at the root surface. Gradually, we build
up a mental picture of what is taking place in the soil exploited
by a root system, and if we can put this into mathematical form,
we call it a ‘mathematical model’. One relatively simple one is as
follows (1):

27 a a Lt
Mp/M =1-exp | b{ 1aa aa X) |
1 + — 1n -
2b D Db a)

Here My is the amount of a nutrient taken out of a unit soil vol-
ume by roots up to time t; M is the total amount present in that

volume; a is a coetficient which indicates the root absorbing
power, a is the root radius, L the length of root in unit volume ot

soil, b is the buffer power for the nutrient, which measures the
reserve supply, D the ditfusion coefficient for the nutrient in
that soil, and x the average half-way distance between two roots.
I cannot pretend to discuss it in the time available, but it will
show those soil and root factors which we consider to be import-
ant to the nutrition of plants. We have made tests of this equa-
tion with plants growing in simple, uniform conditions, and found
that it predicts the uptake of potassium and nitrogen well.

You may enquire what good this is in practice. At present it
is of no direct use, but I think that because of this work we can
see our way forward more clearly. Our test shows that we now
understand the soil system fairly well. With this knowledge, we
can (cautiously} predict the etfects of changes in root systems. In
particular, we can aim to determine how large a root system
ought to be for a defined environment and plant system. Perhaps
we can design root systems for maximum efficiency. Plant
breeders now consider the effect of shape and structure of a
plant on light interception; we may expect them to consider the
etticiency of the root system in the same way in the future.

[ think this sort of work could well have interest in situations
where root systems are artificially reduced below normal levels.
This occurs with root disease, with transplants and with newly
rooted cuttings. In this case the selection of fertiliser rate and
type to ensure the most rapid root growth often is critical. There
is a limit to the uptake rate of a given piece of root, and too much
fertiliser causes salt problems. Such situations should repay a
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caretul and quantitative study of how much effective root is left
on the plant, whether this restricts nutrient and water uptake,
and how it can most rapidly be increased.

Root and Soil Biology. I now want to pass on to some ques-
tions of soil biology which we are interested in. I must leave out
discussion of disease organisms, and I do not intend to say much
about bacteria on roots. They certainly exist there, in large num-
bers, but exactly what they do to or for the plant is still a subject
of extreme disagreement.

There is much less doubt about the soil fungi which form
mycorrhizal symbiosis with plants. All of us will know the ecto-
trophic mycorrhizas on trees such as beech and pine, but it is
now becoming evident that a different group, the endotrophic
arbuscular-vesicular mycorrhizas may have enormously greater

importance.

These mycorrhizas are formed by fungi of the genus Endo-
gene; and they are found on the great majority of cultivated and
wild plants. Table 2 lists some common species which have been
investigated.They are virtually ubiquitous, being found in every
type of soil and climate. We have found the spores in practically
every soil sample we have tested, and it is my guess that they are
in all your nurseries, unless the soil has been sterilised.

Table 2. Some species which have been found to be infected with vesicular-ar-
buscular mycorrhizas.

Maize Rice Tomato Strawberry
Barley Clover Apple Coffee
Strawberry Tobacco Rubber
Onion Cotton
Liquidambar Maple

vra——

The fungal hyphae ramify inside the plant root cortex after
initial infection by a spore germ tube. The host plant supplies
carbohydrate, and the hyphae increase both inside and outside
the root. The external mycelium moves down the root, re-infec-
ting 1t at intervals. Eventually, there is a network of hyphae out-
side the root, extending at least 1 cm. out into the soil.

Inside the root the hyphae form a network too, and small
highly-branched structures called arbuscules extend into the cell
interior. We have pretty good evidence that the interchange be-
tween host and fungus takes place in those arbuscules. It is cer-
tainly an exchange; the fungus get carbon compounds, but in re-
turn the plant gets nutrients. We know for certain that the fun-
gus supplies phosphorus, and it may supply trace elements also.
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These are precisely the elements which move slowly in the soil,
and which may, therefore, not reach the root easily in sufficient
quantity.

The phosphate supplying effect can be dramatic. We have
had 100% response to simple infection with this fungus, on phos-
phate-poor soils. Obviously we do not expect responses with well-
developed root systems in fertile soils, and the infection is in fact
much less when the plant is well supplied with phosphorus. If the
plant does not need more phosphorus, it is possible that the fun-
gus acts as a parasite, and may decrease the plants’ rate of
growth.

Research on this subject is still in its initial stages. We really
know nothing yet of the effects of these mycorrhizas in practice
— simply that they are virtually always present in most wild and
cultivated plants. It occurs to me that there may be interesting
possibilities in getting rapid growth of transplants with poor root
systems, by ensuring that the roots are already mycorrhizal. This
point 1s well known in silviculture, with the ectotrophic mycor-
rhizae. The endotrophic mycorrhizas may prove equally import-
ant — on more species — if we look for them.
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DISCUSSION

Reterring to the shape and size of containers and their effect
on root development Prof. Tinker said that growing roots close to-
gether does not pose a problem as roots rarely compete for space
and, therefore, from a physical limitation aspect, container-grow-
ing was not deleterious. However, what does cause trouble is the
restriction in volume, which may induce problems of salinity and
maintenance of the adequate water status, hence the volume
must be big enough to provide a sufficient buffer in relation to
the rate of uptake.

Bill Fiemer was concerned about the mechanical restrictions
imposed by the container and the ‘pot bound’ effect; the speaker
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did not deem it deleterious at this stage provided reasonable pre-
cautions were taken on planting. In relation to this latter factor

he also indicated the importance of the presence of mycorrhiza
for quick establishment and the quick development of a good root
system.

The confirmation of the necessity for mycorrhizal presence
was implied by one speaker who cited the problems associated
with methyl bromide sterilisation of citrus orchards in California
and good subsequent establishment of citrus was only achieved
when the soil had been re-inoculated with chopped citrus roots.
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THE RAPID PRODUCTION OF ERICAS, CALLUNAS AND

DABOECIAS
J. C. KELLY and P. BOWBRICK

The Agricultural Institute

Kinsealy Research Centre
Dublin 5

Trends and developments. There is a modern tendency to
use ground-cover plants for areas where low maintenance costs
are necessary. As a result, the mass market for such subjects is
rapidly increasing and the nurseryman had the opportunity of fil-
ling this need by growing large numbers of ground-cover plants,
reasonably priced. The especially suitable growth habit of these
plants and the sensible use of modern herbicides will reduce
maintenance to a minimum.

Heaths and heathers are examples of subjects being more
commonly used for such purposes, and whilst generally in good
supply are often too expensive to be considered for this role on a
large scale. The costs and system of production dictate the selling
prices and, as a result, these aspects were investigated at Kin-
sealy to ascertain how best to produce saleable plants
that: (a) require the minimum handling during the wvarious
stages of production, and (b} spend the shortest time in the nur-
sery after propagation.

Production systems. The following production system should
quite easily fit into the nurseryman’s propagation year. The sys-
tem aims at cutting handling costs to a minimum. Cuttings of
Erica, Calluna and Daboecia species are inserted in moss peat in
a glasshouse bench, with a base temperature of 21°C. The cut-
tings are covered with 80 gauge polythene film. The bench is ven-
tilated at intervals of ten days and after one month (Calluna,
Daboecia) and two months (Erica} the plastic film is pierced in a
number of places to allow air to circulate freely amongst the
plantlets and thereby reduce gradually the humidity under the
plastic. After some more days during which the hardening ott
process is completed, planting can commence in a 4 in. layer of
moss peat in simply constructed wooden frames at a spacing of 3-
4 in. between and within the rows. After the plants are watered
in, the frames are covered with shaded Dutch lights or white
opaque polythene.

The feeding programme can commence some days later. ‘A
1% solution of a liquid feed containing 9% N, 9% P and 7% K
together with trace elements is applied as a drench. When the
plants are firmly established and growing (May] the lights are re-
moved. The liquid teeding is repeated at fortnightly intervals until
early September. It is necessary to trim the leading shoots of the

121



APPENDIX 1 — DETAILS OF PRODUCTION

October/November. Mother Crop — During the autumn period 5000 mother
plants are purchased and planted into prepared ground at a spacing of 9 in.
X 9 in. These will occupy 0.1 acres.

COSTS Resources

Land Preparation Land 0.1 acres
(rotovation, fertilising)  £13.00 Labour 53 hours

Purchase of mother stock £750.00

Planting 53 hours £40.00

February. Mother Crop — Cuttings to be taken this month.

Crop 1 — 25,000 cuttings are taken from the mother plants. It is not neces-
sary to treat these cuttings with hormone. The cuttings are immersed in a
10%, solution of captan prior to being inserted in a moss peat medium in a
warm bench, temperature 21°C. The glasshouse temperature is maintained
at not less than 15°C. The cuttings are covered with a layer of 80 gauge
polythene which gives them a warm, humid micro-climate. Distance apart
12 in. The cuttings are inspected each week and ventilated for thirty min-
utes. Using this method about 80% of the cuttings will root.

COSTS Resources
Bench preparation 35 hours£26.00 Frames Nil
Collection and insertion Glasshouse 450 sq. ft. bench space
of cuttings, laying polythene Land Nil
(100 hours - 2000/man/day) £75.00 Labour 135 hours
Plastic £1.00
Heat £50.00
Peat (25 bales) £25.00

£177.00

April/May. Mother Crop — The plants are top-dressed with fertilisers and pes-
ticides are applied where necessary. Some handweeding may be required

also.
COSTS Resources
Herbicides £4.00 Land 0.1 acres
2.7 hours £2.00 Labour 13.4 hours
Fungicides £4.00
2.7 hours £2.00
Handweeding 5.3 hours £4.00
Fertilisers £ 8.00
2.7 hours £2.00

$£26.00

Crop 1 — The 25,000 cuttings are lifted and those rooted after an appropri-
ate hardening-oft period are planted into cold frames. The frames may be
cheap temporary structures. They will contain a 4 in. deep layer of moss
peat. The plantlets are spaced at about 10 per sq. ft. After being watered-in,
the plants should be covered by placing Dutch lights over the frames or by
stretching 500 gauge white polythene over the frames, fixing it with battens.
After a few days the first liquid feed should be applied and thereafter at
fortnightly intervals until early September. At the end of May the Dutch
lights/plastic should be removed.
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COSTS Resources
Frame preparation Land 0.1 acres
80 hours £60.00 Labour 13.4 hours

Moss Peat (40 bales)  £40.00
Lifting cuttings and plant-
ing into frames 120 hours £90.00

Watering and covering
frames 10 hours £8.00

Watering when required and
feeding each fortnight

22 hours £16.00
£214.00

June/July. Mother Crop — These plants should be trimmed to produce suitable
shoots for the following years cuttings. About half the plants will be excess to
requirements and trimming will produce bushiness prior to sale in the

autumn.

Spot treatment with herbicides and also handweeding will take place.

COSTS Resources

Herbicides £2.00 Land 0.1 acres
1.3 hours £1.00 Labour 8 hours

Fungicides £2.00
1.3 hours £1.00 \

Handweeding 5.3 hours £ 4.00

£10.00

Crop 1 — The plants remain in the frame throughout the summer. They are
watered when necessary and feeding continues once fortnightly. A fungicide
spray can be applied if necessary. Plants are lightly trimmed to produce

bushiness.
COSTS Resources
Watering and feeding Frames 2250 sq. ft.
22 hours £16.00 Glasshouse Nil
Fungicides £2.00 Land Nil
1.3 hours £1.00 Labour 43 hours
Handweeding 5 hours £ 3.00
Trimming 15 hours £12.00
£ 34.00
August/September. Mother Crop — Spot treatments with herbicides are
carried out, and handweeding where necessary.
COSTS Resources
Fungicides £4.00 Land 0.1 acres
2.7 hours £2.00 Labour 7.7 hours
Handweeding 5 hours £3.00
£9.00
Crop 1. — Watering, feeding, herbicide and handweeding operations con-
tinue. The plants should be trimmed for the second time, for stocky develop-
ment.
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COSTS Besources

Watering and feeding Frames 2250 sq. ft.

22 hours £16.00 Glasshouse Ni)

Fungicides £2.00 Land Nil

1.3 hours $1.00 Labour 21.3 hours
Handweeding 5 hours  £3.00
Trimming 15 hours £12.00
£34.00

October/November. Mother Crop — Due to increase in bulk, the mother plants
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