you can see that this organization hasn’t been standing still the
last 17 years. This is the 17th annual meeting. We owe Don a
vote of thanks for the amount of work that he has put into this
program. I am sure he has found the job of being Program
Chairman to be a terrific amount of work.

REFORESTATION WITH VEGETATIVELY PROPAGATED
TREES |

WILLIAM J. LIBBY

Dept. of Forestry & Conservation, and Dept. of Genetics
University of California, Berkeley 94720

The traditional uses of forests have been as watershed pro-
tection, as habitat for game and other wildlife, for firewood, for
lumber, and for that special spiritual renewal that many people
find in the presence of trees. As the human population con-
tinues to require more resources, some of these traditional forest
uses are being increased and we have returned to others, some-
times in non-traditional ways. For instance, wood alcohol may
replace cordwood as transportable energy, and generators
fueled by wood waste already feed electricity into our transmis-
sion lines. Plywood, laminated and end-glued products from
tennis rackets to stadium beams, chipboards, particle boards,
and fiberboards, have joined traditional sawn boards and tim-
bers in many old and new uses. The demand for paper and
paper products continues to increase and expand. And woad
chemists can create plastics from dissolving pulps, food flavors
~ from terpenes, and perhaps soon, food itself from enzymatically
degraded cellulose. In short, our forests are taking on renewed
importance. In the United States, the recent Humphrey-Rarick
bill seeks to ensure that they receive appropriate attention.
Foresters are attempting to find more effective techniques for
managing the forest resource. The genetic leverage available
with vegetative propagation makes retorestation using rooted
cuttings one such attractive new management technique, and it
appears that its time may now have come.

Some Problems and Features of Forest Regeneration —
When one considers the likely costs of site preparation, of
planting the trees, of release from competing vegetation, of pro-
tection from animal damage, of applying pesticides and fertiliz-
ers, of thinning, of pruning, of fire protection, of land-rent
charges and taxes, and other costs which must be borne in
order to establish a new forest (or even if establishment fails),
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then the costs of the planting stock are generally seen to be
only a small fraction of the total investment necessary. In such
a situation, a proportionally large increase in the costs of plant-
ing stock can be justified, even if it results in only a relatively
small proportional increase in the value of the established
forest.

For many of our forest species, seed crops in the wild do
not occur every year, and many of the best-growing and best-
formed trees have few seeds even in good seed years. Logging
is responsive to market demand for wood, and it is difficuit to
forecast which year a particular stand will be cut and thus need
seedlings for reforestation. Disasters such as windthrow and
large fires are much more difficult to anticipate. The history of
forest planting contains many examples of poor planting prac-
tices as a result of these uncertainties. For instance, seedlings
from short heavy-limbed parent trees, or seedlings from trees
which evolved under conditions significantly different from
those of the planting site, have frequently been used because
seedlings from good parents of appropriate origin were not
available. |

Classical tree improvement for forestry purposes has used
selected trees gathered together in seed orchards to get the
selected genes back into the forest in higher frequencies. The
most common way to create a seed orchard is to graft scions
from outstanding selected trees, replicating each clone many
times to achieve a large production of seeds. In some of our
species, graft incompatibilities have caused widespread mortal-
ity in the seed orchards. In some of our species, it appears that
many of the very best-growing trees produce few seeds in the
seed orchards. On the other hand, including genotypes in the
seed orchards that are unusually prolific pollen and seed pro-
ducers may reduce growth in the forest. The principle in both
cases is that photosynthate devoted to sex is usually at the ex-
pense of wood production, and there is some evidence that sex-
iness is heritable in trees.

The question of maintaining diversity in our forests has
been much discussed. The weight of current opinion is that
monocultures, and particularly genetically-uniform monocul-
tures, should be avoided. The main concern is that the majority
of trees in a stand could thus be susceptible to a single biotic or
physical event.

Most temperate-forest trees are outcrossing, which contri-
butes to the maintenance of the internal diversity that typifies
our native species in forest stands. With an outcrossing mating
system, much of this genetic diversity occurs within families.
The seed-orchard approach captures only the average perform-
ance of its families, but cannot take effective advantage of the
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outstanding individual genotypes that occur among the off-
spring within its families. Furthermore, most outcrossing
species are sensitive to inbreeding, and thus mating between
relatives should be avoided. This argues against the use of seed-
lings from selected families in seed orchards as a solution to
the graft-incompatibility problem, because crosses between sibl-
ing seedlings can result in serious inbreeding. (Grafts are more
acceptable with respect to inbreeding, because the inbreeding
depression of selfs in most forest trees is so severe that few

produce acceptable seedlings. Thus, the quality of orchard-
origin seedlings after culling is little atfected by crossing with
clones.}

Seed orchards are expensive. This leads to a tendency to
concentrate on only the most important species in each forest
region. Thus, secondary species may be given little or no ge-
netic attention, and may even not be included in forest plant-
ings. There is also a tendency to make seed orchards large, for
economic efficiency. The offspring of such large seed orchards
will be used over extensive and perhaps ecologically diverse
areas. Most seed orchards employ open-pollination. Therefore,
they should be isolated from external sources of pollen, such as
native and planted forests, and other seed orchards of the same
species whose trees are selected from different regions or for
difterent purposes.

Most of the problems outlined in this section are effectively
solved by reforesting with selected vegetative propagules.

Arguments for Vegetative Propagation — A cutting or-
chard, made up of small trees kept trimmed as hedges, can
supply propagating material on relatively short notice. New
genotypes can be added in years when seed is produced on
selected parent trees, and they will he available as cutting
donors in years that seed is in short supply.

Large seed orchards can be replaced with small genetically
diverse breeding orchards, whose primary function is the pro-
duction of modest numbers of pedigreed seedlings for inclusion
in the cutting orchard. Genotypes which devote little energy to
sex can be encouraged to produce the necessary modest num-
bers of offspring.

Diversity in production forests can be maintained by mix-
ing clones. Selected clones ot secondary species can be in-
cluded in the mix. As the performance of individual clones be-
comes known, these mixtures can be prescribed so that neigh-
boring clones make complementary rather than competitive
demands on the site.

As information on individual clonal performances accumu-
lates, below-average members of families can be rogued out of

29



the cutting orchard, and the very best can be expanded by ad-
ding additional hedges of those genotypes. If the families are
open-pollinated and include a mixture of inbred and outcrossed
seedlings, it will be mostly the outcrossed genotypes that are
selected for extensive use in production forests. Such within-
family selection is simply not available in the classical seed-
orchard approach to forest management.

An entire region need not be served by exactly the same set
of clones. Instead, the forester may order particular clones of
some species for one site, and different combinations of species
and clones for other sites ... or even for ditfering subsites
within a planting area. Thus, no two areas need be reforested
with exactly the same combinations of genotypes.

Particular ecological conditions not extensive enough to
warrant a separate seed orchard can contribute seedlings from
their trees to the cutting orchard, and thus can be better served
by it.

Disease considerations may still make it advisable to locate
the cutting orchard away from forests. But cutting donors of the
same species from very diftferent ecological conditions may be
maintained near each other, as they will not exchange genes.

Problems Remaining with Most Species — For many of our
conifer species, we have not yet learned to root cuttings etfec-
tively or economically. In some, rooting percentages are still
low. In others, most cuttings root, but they do so a few at a
time, so that nursery management of the propagules is ditficult.
Ideally, we would like 90% or more of the cuttings to have
rooted two or three months after being set, and to root within a
period of two or three weeks. We need to find media that are
appropriate for both rooting and subsequent growth of the cut-
tings, particularly if containers are used.

A major problem of both theoretical and practical impor-
tance is that of maturation. As maturation proceeds, not only
does rooting become much more difficult, but the growth of
those cuttings that do root generally differs significantly from
the growth of the same clones which were rooted in a juvenile
condition. The changes that occur with maturation of forest-tree
clones are generally detrimental, particularly with respect to
volume growth rate. Thus, it is futile to identify good clones it
the clones have matured during the test period.

Our nursery people have learned to produce good seedlings
of many of our important species. But rooted cuttings are not
seedlings, and many of our nursery protocols may need modifi-

cation or radical change to produce satisfactory rooted cuttings
ready for outplanting. It seems likely that root systems will
need particular attention.
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It also seems likely that rooting percentages, the timing of
the rooting event, and the quality of the plants produced, will
be improved (perhaps slowly and erratically) as experience is
gained with each species. The question of juvenility, however,
needs less-conventional approaches. Two general strategies are
available: arresting of maturation at appropriate stages; and
rejuvenation of mature clones. Interestingly, the repeated hedg-
ing used to keep plants small in a cutting orchard seems to ac-
complish an arresting of maturation. Furthermore, it may be
possible to fix different maturation stages of donor plants by the
size at which they are hedged. It also seems that serial propaga-
tion (in which cuttings are taken from recently rooted cuttings
rather than from long-maintained donor plants) may arrest mat-
uration. It may be possible to grow cells from mature trees in
culture, change their maturation state, and then recover juvenile
plantlets from the cultures. This technique might be helped if
we better understood the physical and chemical events as-
sociated with meiosis and fertilization, for that is how and
when mature plants normally produce juvenile offspring.

The Current Reforestation Situation — The use of grafts or
rooted cuttings for large-scale forest planting has been proposed
at intervals in the past, and indeed has been accomplished for
centuries with such non-coniferous species as cottonwood and

willow. Only Japan has extensively used this technique with
conifers, most notably with Cryptomeria, their national tree.

Within the past few years, Finland, and Lower Saxony in
West Germany, have moved out of the pilot-plant stage, produc-
ing hundreds of thousands to slightly over a million cuttings of
Norway spruce (Picea abies) per year for reforestation. New
Zealand is in the pilot-plant stage, rooting tens of thousands of
radiata pine (Pinus radiata) per year. In western United States
and Canada, we are entering the pilot-plant stage with western
hemlock (Tsuga heterophylla), coast redwood (Sequoia semper-
virens), giant sequoia (Sequoiadendron giganteum) and
douglas-fir (Pseudotsuga menziesii), with other species not far

behind.

Two recent symposia have been published and are now
available. They are:

1974 Special Issue on Vegetative Propagation. New Zealand
Jour. of Forestry Science 4(2):119-458.

1976 Symposium on Juvenility in Woody Perennials. Acta
Horticulturae 56(May):1-317.
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PROPAGATION TECHNIQUES FOR
MAHONIA X ‘ARTHUR MENZIES’

RICHARD VAN KLAVEREN

University of Washington Arboretum,
Seattle, Washington 98105

[n ]Jate September 1961, the Strybing Arboretum, San Fran-
cisco, sent us a group of seedling Mahonia plants raised from
M. lomariifolia seeds. These were grown for a year or so in the
cold frames, then transferred to the lathhouse as they increased
in size. When this last move was made one plant seemed to
have a very different leat from the rest and we speculated that it
might be a hybrid, perhaps with M. bealei since the shape of
the leaflets suggested that species. Our suspicions of its mixed
parentage were strengthened in December 1964 when a drop in
temperature to 11°F. and continued below-freezing conditions
for several days reduced all its sister seedlings to brown pulp,
but left it nearly untouched.

When this plant first flowered in late December 1967, we
made a careful analysis of it and felt that we were correct in as-
suming the parentage to be M. lomariifolia X M. bealei. In
order to be more certain we sent an inquiry to Strybing Ar-
boretum to find if M. bealei or some other Mahonia was within
pollinizing range of the seed plants. We then learned that the
seed did not come from plants in the Arboretum, but rather
from the garden of Mr. Arthur Menzies, Supervisor of Plant Ac-
cessions for the Strybing Arboretum. He, too, felt that the hy-
brid “definitely is a M. lomariifolia X M. bealei hybrid” since
he did not have M. japonica in his garden.

This question of parentage is of some importance since
there is a M. lomariifolia X M. japonica hybrid extant in Great
Britain, a fine plant called M. X ‘Charity’. There has been no
complete description of this clone published, but in comparing
photographs of it with our Mahonia, certain differences become
obvious. Its leaflets are slenderer and the racemes are somewhat
lax, whereas they are nearly erect in our hybrid.

[t was with very great pleasure, therefore, that we named
this hybrid Mahonia X ‘Arthur Menzies’ in honor of one of the
most knowledgeable horticulturists in California. Mahonia X
‘Arthur Menzies’ should prove to be a welcome winter flower-
ing shrub and if it is as hardy as we think, it may be a valuable
substitute for M. lomariifolia in places where the latter is not
thoroughly hardy.

A complete description follows:
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An erect, glabrous, several stemmed shrub about six feet tall at the end
of five years.

The leaves are persistent, up to 55 c¢m long and 15 to 20 cm broad,
odd pinnate, with 7 to 9 pairs of opposite leaflets. Leaflets dull green
above, yellow-green below, thick, leathery, the basal pair 3 x 3 cm, sub-
rounded, the others changing to ovate and thence to oblong ovate toward
the tip, increasing in length from 4 to 11 cm long and from 3.5 to 4.5 cm
broad; the base obligquely truncate and often imbricate with its opposing
mate, the top spinose, long acute to shortly acuminate, often somewhat
recurved and falcate; the margin spinose with from 3 to 5 spines on each
side. The terminal leaflet ovate, usually larger, 9 to 14 cm long, 4.5 to 6
cm broad.

Flowers faintly scented, in several {7-9) erect fascicled racemes 10 to
25 cm long, appearing in late December and continuing through January.
Floral bracts ovate, 4 mm long, 2 to 3 mm wide, greenish; pedicels 6 to 8
mm long. Flowers yellow (RHS colour fan yellow group 5A), nodding,
campanulate, about 1 cm. broad at anthesis, sepals 9, in three concentric
rows, the outer ovate, 1.5-2 mm long and 1 mm wide, the median 3.5-4
mm long, 2.5-3 mm broad, the inner 8-9 mm long, 4-5 mm broad, oblong
ovate; petals 6, ovate to oblong ovate, 7-8 mm long, 5 mm broad, tip
emarginate, glands two, distinct; stamens 6, 4-5 mm long, subapiculate,
ovary green, cylindric, as long as the stamens and with a sessile capitate
stigma. Fruit large, purple, similar to the parents.

Once we felt the plant was a new and useful ornamental we
were faced with the problem of its propagation in some quan-
tity. There were two reasons for this:

First, the genus Mahonia along with Berberis and X
Mahoberberis include species which carry black stem rust of
wheat and hence are under quarantine restrictions established
by the U.S. Department of Agriculture. It was necessary to send
a number of plants of M. X ‘Arthur Menzies’ to the Cooperative
Rust Laboratory in St . Paul, Minnesota for testing. It was de-
termined there that this hybrid was not susceptible to black
stem rust and we received clearance to distribute it in May,
1974.

Second, we wished to distribute the plant to a wide range
of gardens throughout North America for hardiness trials. So far
no hard results are in on these plants, but at least one plant was
recently seen thriving in a garden in the Philadelphia area.

In order to speed up propagation of this fine new plant we
telt we must find a method which was both quick and not too
wasteful of our limited amount of stock. Grafting was too slow
while stem cuttings required cutting the parent plant too
heavily. Leaf-bud cuttings seemed to be the best method and
the following techniques were worked out.

The cuttings are best taken from the end of June to late July
although other times also work. A branch is cut from the out-
side of the plant, and about 2/3 of each compound leaf is re-
moved while still attached to the branch. This makes handling
easier, reduces water loss from the cutting and saves room on
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the cutting bench. The branch is turned upside down and the
top leaf and its axillary bud is removed with a sharp knife. The
cut is started about 3/4 inch below the bud and extends under
the leaf base at a depth of about 1/16 inch and continues for
another 3/4 inch above the bud. This sliver of wood is pulled
free and the ends are trimmed to a total length of about 1-1/2
inches with the bud and leaf base about in the middle.

The entire leaf base is dipped into 0.8% indole-3-butyric
acid powder (Hormodin #3) which is mixed with benomyl
(Benlate) in the proportion of 1 part Benlate to 5 parts Hormo-
din powder. The excess powder is removed by tapping.

These cuttings are inserted into a rooting medium of 3
parts coarse river sand and one part ground peat in 8 or 10 inch
clay pots with 14 to 16 cuttings per pot. The pots with the cut-
tings are then drenched with “Truban’, 1 tablespoon to 3 gal-
lons of water, to reduce the incidence of stem rot. The clay pots
are used in favor of other containers since we are not going in
for large production. The pots are then placed in a mist bench
with a “Mist-O-Matic’’ control and bottom heat set at 70-72°F,

Rooting usually takes place in 7 to 8 weeks at which time
the cuttings are potted on in 2% inch pots using a standard pot-
ting mix and no additional fertilizer. These are placed on the
greenhouse bench where they stay with little or no growth ap-
parent for 4 to 5 months during which time the roots seem to
be undergoing a hardening period. At the end ot this time; a
mild fertilization with a diluted fish material is applied and
new growth is initiated shortly after. When this growth is hard-
ened the plants are lined out in nursery rows. Under normal
conditions, the cuttings will be 1% - 2 feet tall at the end of the
growing season. |
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PRODUCTION OF RHUBARB AND ASPARAGUS
AS NURSERY CROPS

EDWARD V. CLARK

L.E. Cooke Co. .
Visalia, California. 93277

In the last few years there has been a marked increase in
the hobby of gardening throughout the United States. Seed
companies, garden supply -houses and canning jar producers,
and we, as nurserymen, can attest to this increased activity. As
nurserymen we are in line to cash in on this trend in many
ways. Many of us produce or sell fruit trees and grapevines and
other related items for this market. It may well be, however,
that we are overlooking some items on which a good return can
be made. Here at L.E. Cooke Co., we grow several items besides
trees and vines that would be of interest to the home gardener,
such as horseradish, artichokes, berry vines, Jerusalem ar-
tichokes, rhubarb and asparagus. When I tell you what is in-
volved with two of these crops, rhubarb and asparagus, you
may see a place for them in your operation.

Planting. In the past we have planted these two crops in
the spring and in the fall; both dates have their advantages and
disadvantages. Fall sowing of the seed allows one to get this job
done during a slack season of the year for the bareroot grower,
and at the same time cuts down on the spring rush somewhat.
Also a well-done fall sowing provides much more growing time
before harvest, which provides larger stock for market. On the
other hand, a fall sown crop requires more attention during the
winter season, a very busy time for us. In our area watering is
critical during late December and January. Our soil also tends
to compact severely during the winter rains; as a result, mulch-
ing fall seedbeds with sawdust is a must for economically uni-
form stands.

Spring sowing of seeds results in less cost of cultural prac-
tices due to the reduced time the crop is in the ground. Mulch
is usually not necessary, which also reduces the cost. The pri-
mary disadvantage of spring sowing is the length of the grow-
ing season. If the spring is wet and planting is late, or if the
spring is too cool and germination is slow, the season can be
reduced critically. Rhubarb seems to develop enough size most
of the time even during a short season, but asparagus needs the
full allotment of time when it is spring-planted.

Our seed is planted by hand from shaker jars. The nearly 6
acres of rhubarb and asparagus we grow can be planted by
three men in one day. Our asparagus is sown at approximately
33 lbs. per acre and rhubarb at approximately 12 Ibs. per acre.
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This seedling rate is based on 44-inch row spacmg The- seed 15"f~
sown %2 to 1 inch in the spring or 1 to 2 inches in the fall.

Cultural Practices. Cultural practices on these two crops
are very nearly the same. Prior to planting, the soil is fumigated
with methyl bromide. The socil is then prepared for ground ap-
plication of super-phosphate and soil sulfur. The land is then
bedded and the seed is sown. Once the seedlings are up, the
most important thing one can do is to keep the water on them.
Depending on the weather, approximately two inches per week
is necessary. One can fail with asparagus at this point if the soil
becomes too compacted or too dry for good root development. I
saw the best top growth of asparagus the same year that the
roots failed to develop sufficient length to sell. To solve this
problem we make sure that the water soaks completely across
the row each time and two to three times per year we rip every
middle 18 to 20" deep. In September the water is taken off to
harden the plants for early October digging. The tops are still
green but they are sufficiently hard to be dug and stored suc-
cessfully. We take advantage of the ground that we harvest
these crops from to plant seedlings the next year, especially
those species sensitive to methyl bromide fumigation. Regrowth
of the asparagus or rhubarb is easily handled.

Harvest. The asparagus crop consists of two main cultivars
on approximately three acres from which we harvest approxi-

mately 350,000 crowns. These are dug one row at a time and
moved into the shade where the tops are removed. There they
are graded, counted, tied, dusted with captan and packed in
wire bound crates. They are held in the shade in an area where
they can get good air movement until they are shipped. The
rhubarb is grown on 2.75 acres from which we can harvest ap-
proximately 145,000 sections. These are dug and divided, if
necessary, then packed and stored the same as asparagus.
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ELM CUTTINGS FOR BONSAI TRAINING
DONALD S. CROXTON

Hortica Gardens
Placerville, California

Hortica Gardens is a small mail order nursery selling,
primarily, material to be used for bonsai training. All plants are
container grown. Generally some preliminary pinching and
pruning is done to make them more acceptable as bonsai sub-
jects.

Two popular plants for bonsai training are Chinese elm
(Ulmus parvifolia) and Catlin Elm (Ulmus parvifolia ‘Catlin’).
Although elms are often propagated by seed, it is more conven-
ient to root cuttings. For the ‘Catlin’ elm, of course, vegetative
propagation is necessary to insure identity of a true cultivar.

Chinese elm cuttings are made in spring and summer. Usu-
ally the cuttings are 7.5 to 15 cm long. The bottom two or three
leaves are removed, leaving a minimum of 5 Jeaves at the top.
(‘“‘three leaf” cuttings will root, however) Cuttings are made
from new shoots when they are 15 to 30 cm long. Longer shoots
may be made into two or three cuttings. If the tip growth is
very soft, it’s best to cut it off, since it will probably wilt and
die back in the cutting box. Very sharp pruning shears are rec-
ommended for making elm cuttings because of the tendency for
the bark to peel off in long strips when the cutting edge is dull.

Cuttings are collected in the growing area during the early
morning hours. They are cut to length and the bottom leaves
are removed before putting them in a closed can with a moist
atmosphere. (Provided by a piece of wet paper towel)

Usually within an hour the cuttings are taken to a cool
shady area for insertion in the rooting medium. Cuttings are
treated with 0.4% alpha naphthyl acetamide in talc and inserted
into a mixture of 50% perlite and 50% vermiculite. Propagating
boxes 43 X 63 X 13 cm are used. Each hold about 300 cuttings.
After filling the box, a removable top section and filon cover
are put in place and the assembly is .set outside in partial
shade. Even in hot summer weather watering is only necessary
every three or four days. Elm cuttings have also been rooted in
flats under intermittent mist. However, there seems to be no
great advantage in using mist, so most of our elm cuttings are
rooted in propagating boxes.

Cuttings are ready to be potted up from 60 to 90 days aiter
insertion. Usually they are put in 7.5 X 10 cm cans. Over a

period of two weeks they are gradually shifted from full shade
to 40% shade and then moved to the growing area which is par-
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" tially shaded by deciduous oak trees. The rooted cuttings are
pruned every few weeks during the growing season to insure a
compact ‘“‘twiggy”’ plant with reduced leaves 1.5 cm long, or
less. New shoots, 7.5 to 15 cm long, are cut back so that one to
three leaves remain.

Atfter six months to a year in the can, the roots are pruned
to encourage the development of a flat, bushy system, suitable
for planting in a shallow container. The trees are then repotted
in the same can, a bigger can, or a smaller can. Care is taken to
plant the tree so that the top of the root system is at or slightly
above soil level. This pruning and repotting procedure is con-
tinued from two to five years, resulting in a final product which
varies from 5 to 40 cm in height.

The intensive pruning carried out on these trees results in a
very dense, twiggy top growth which may cause some prob-
lems. Undirected overhead water tends to slide off to the side
and may largely miss the pot. Hand watering with a hose over-
comes this. If the cans are closely spaced, the lower limbs may
not get enough light and die back. Obviously, spacing the cans
and occasional rotation will fix this problem.

Catlin elm cuttings are taken any time during the year.
However, those taken in the winter don’t grow very much until

the weather warms up. Other elms that have been grown as cut-
tings include the cork bark elm (Ulmus alata), Ulmus
davidiana, and the tiny leaved Hokkaido elm. (3 mm long
leaves)

EFFECT OF NITROGEN AND CLIMATIC FACTORS
ON SEASONALITY OF BANANA PRODUCTION IN HAWAII'

R.M. WARNER AND R.L. FOX?

University of Hawaili
Honolulu, Hawaii 96822

Abstract. Planting material (‘‘seed”’) of ‘Williams hybrid’ (‘Giant Caven-
dish’) was grown rapidly from frequent irrigation and nitrogen applications,
using vigorous sword suckers, trimmed and heat-treated to control burrowing

1 Published with the approval of the Director of the Hawaii Agricultural Ex-

periment Station as Journal Series No. 2065.
2 Professor of Horticulture and Professor of Soils, respectively
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nematode (Radopholus similis). Within 12 months each corm had produced 4
to 6 clean well-developed sword suckers. |

Bananas grown with high levels of nitrogen produced more and heavier
bunches. Production peaks were compared at low, medium and high nitrogen
rates.

Growth rates were greatest from May through October when solar energy
averaged 424 gram cal./cm?/day and mean maximum-minimum temperatures
were 28.5°C {83.4°F) and 22.8°C (73°F) respectively. Growth rates were lower
from November through April when solar energy was 257 gram cal./cm?day
and maximum-minimum temperatures were 26°C (79°F) and 18°C (66.9°F).
Rainfall of about 1300 mm {42’} was supplemented by low-head sprinkler ir-
rigation. Nitrogen, solar energy, and available water appeared to be the most
critical factors under Hawaii conditions in banana production.

INTRODUCTION

This research was initiated with ‘Williams hybrid’ banana
to determine critical levels for the principal nutrients under
Hawaii conditions. Banana growers were shifting to ‘Giant
Cavendish’ from ‘Dwarf Cavendish’.or ‘Chinese’ because it pro-
duced higher yields and the fruit had a longer shelf life. Banana
uses large amounts of nitrogen and potash. Therefore, these
elements were given primary attention in this study. Results
from the first crop have been published (22). This report covers
three years of harvest data.

In Australia, Summerville (16) found that the growth rate of
banana from peepers on the corm to a fruiting plant ready to
harvest was largely determined by the nutritional status of the
plant during the first 3 months when the meristem was devel-

oping. The size of the meristem largely determined the size of
the bunch produced. The corm expands into a mat over a

period of 1 to 2 years, storing nutrients and carbohydrates. It is
from this mat that suckers and shoots develop.

Bananas are propagated vegetatively from these young
suckers. Sword suckers or large shoots make the best ‘““seed’ (5,
15). Figure 1 shows the 3 types of suckers. Peepers and water
suckers have less stored food and smaller meristems and do not
grow as fast as sword suckers. Propagating material was taken
from virus-free mats and made free of burrowing nematodes
(Radopholus similus) by trimming from the corms all discol-
ored tissue and immersing the corms in hot water 50-55°C
(122-130°F) for 15 to 20 minutes. Detail of the procedures have
been published by Loos and Loos (12) and Trujillo (17). Figure
2 demonstrates the trimming procedure.
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Figure 1. Banana propagating material, left to right: Peepers, suckers just
starting to grow; Sword Suckers, with narrow leaves and enlarged
corms; Watersuckers, broad leaves, slender pseudostems, and small

corms. Sword suckers are the preferred planting material.
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Figure 2. Banana corm (left) showing black lesions caused by the burrowing
nematode. Corm (right) ready for hot water treatment for nematode
control; all discolored tissue removed. Pseudostem cut back to 6”; 3

outer leaf sheaths removed.
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REVIEW OF LITERATURE

Large amounts of nitrogen (N) and potassium (K) are used
by the banana and lesser amounts of phosphorus (P), calcium
(Ca) and magnesium (Mg) (16). During development of the fruit
considerable K is taken up by the plant (16). Twyford (20)
found a Cavendish plant crop produced, in 9 to 12 months, 100
to 150 tons per acre fresh weight of organic matter, including
8-14 tons of bananas. Nutrients taken up in a year, in pounds
per acre, were: N, 400; P, 48; K, 112; Ca, 300; and Mg, 156.
Croucher and Mitchell (6) working with ‘Gros Michel’ for 8
yvears, found responses to three major nutrients: N, P and K.
Warner, et al (22) found that N fertilizer increased number of
hands/bunch, finger length and weight and greatly reduced the
days from planting to shooting. Butler (4) found yield responses
only to nitrogen with ‘Gros Michel’ on exceptionally rich al-
luvia. In Jamaica, with other experiments, Butler found no ad-
vantage to organic manures. He found adverse effects from ap-
plying too much potash and saw no response from phosphate,
even in low phosphate soils.

Twytford and Walmsley (21) found that fertilizer required
by ‘Robusta’ bananas to be 2.5 kg/mat. of a 9:9:35 mixture. They
recommended that applications be frequent and large the first
year to rapidly attain high yields (50T/ha).

The number of leaves is important for filling the bunch. To
produce a 50 lb. bunch 35 to 40 leaves are needed during the
life of the shoot (2). Yields are depressed and delayed by loss of
leaves from wind or leaf spot disease {Mycosphaerella
musicola). In Hawaii, Black leaf streak disease (Mycosphaerella
fijiensis) can be just as destructive (13).

Leat analysis has been a useful tool in plant nutrition.
Workers investigating ‘Dwarf Cavendish’, ‘Poyo’ and ‘Lacatan’

(Jamaica) have sampled the third fully expanded leaf at shoot-
ing (9, 10, 14). Others report work with the ‘Giant Cavendish’

banana (3, 18, 19). From these reports, critical concentrations of
some nutrient elements can be tentatively set as percentage of
dried leaf samples, as follows: N, 2.6%; P, 0.20%; K, 3.2%; Ca,
0.55%; and Mg, 0.40%.

Climatic factors have an influence on growth and produc-
tion of bananas. Temperature affects rate of growth. Daudin (7)
from Martinique showed the effect of altitude on time from

planting to shooting; sea level up to 450', 6-7 months; 600 to
1200', 9-10 months; temperature 2°F lower; 1300 to 2,100/,
11-13 months, temperature drop 5°F. In winter, fewer leaves are
produced and the rate of flower emergence is much slower.

Bananas need a continuous supply of water for good pro-
duction. Two inches per week is considered: essential. Berril (2)
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reported periods of drought or low temperatures reduced
growth rate and tlowering. Best yields were obtained with soil
at 75% of moisture holding capacity (1).

MATERIALS AND METHODS

Our experimental. planting was made in July, 1971. The
first crop was harvested in May and June, 1972. Before plant-
ing, the corms were pared and heat-treated to control the bur-
rowing nematode (Radopholus similis) and planted in a clean

nursery. Figure 2 shows a nematode-infected corm and one
trimmed and ready for heat treatment. A year later when good

sword suckers had developed, they were dug and planted in a
continuous function experimental design (8).

Forty-eight corms were planted in blocks of 6 X 8 plants.
Nitrogen applications were made in 6 increments in one direc-
tion and potassium in 8 increments at 90° to the N. Thus every
plant was an experimental plot and received a different combi-
nation of N and K. There were 8 blocks; 4 received P and 4 did
not.

The relative amounts of fertilizer added for the various
treatments were always in a fixed ratio. For N, the relative
amounts were 0, 0.1, 0.3, 0.5, 0.7 and 0.9 (Table 1). Relative
amounts of K were 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1.1 and 1.3. The
plant in each block with treatments N4K5 was used as a con-
trol. Monthly leaf samples were taken from the 3rd youngest
fully expanded leaf of the dominant sucker of this mat. A 10 cm
strip was taken from each side of the leaf at its center. The
samples were dried, ground and analyzed for N and K. When
the leaf content of N or K dropped near the critical level, more
N and/or K was applied. The critical levels were 2.6% for N

3.29% for K.

Table 1. Banana leaf nitrogen percentage. Average of 30 monthly means from
6 N treatments, and vields in metric tons/hectare.

Low Medium High

N Treatments

N, N, N, N, N N
Relative N rates 0 1 3 5 7 g
Urea, g/mat 0 40 120 200 280 360
Leaf N%? 2.15 2.18 2.31 2.45 2.55 2.69
MT/ha/MoY/ 4.2 4.6 6.1 6.5 7.3 7.5
MT/halyry’ 50.1  55.2 73.2 785  87.4  90.3

2 "All treatments total 3,069 shoots, 30 months.
¥/ All treatments total 4,111 bunches, 36 months.

Leaf samples were also taken from each plant at shooting.
When the bunch was mature, 3 to 5 months later, it was har-
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vested and weighed (22). Measurements of new shoots and the
harvest data of mature bunches were recorded weekly.

Solar energy, rainfall and temperatures at Waimanalo fall
into six month periods; summer, May to October; and winter,
November through April. Solar energy averaged 257 gram
calories/cm?/day in winter and 424 in summer. For the same
periods 5 year mean rainfall was 215 mm (0.15") and 734 mm
(29.1”"). The maximum and minimum six month temperature
means for 5 years are listed in Table 2. The ditferences are not
great but for bananas, a few degrees is important especially
around 20°C (68°F) as was shown above by Daudin (7).

Table 2. Waimanalo, Hawaii; summer-winter temperatures in degrees Celsius.

Year May-Oct. Nov.-Apr.

Max Min. Max Min.
71-72 28.5 21.9 25.7 19.2
72-73 29.0 22.0 26.1 19.0
73-74 28.2 21.0 26.9 19.9
74-75 29.6 22.0 22.7 19.8
/792-706 28.1 21.7 25.7 19.8
Avg. 28.7 21.7 26.0 19.6

Rainfall in Hawaii often is limited to tradewind showers.
The clouds reduce solar energy without producing effective
precipitation. Most effective rainfall comes from 2 or 3 tropical
storms per year which come from the south. The irrigation used
to supplement rainfall is usually adequate but is not always
available. The summer months of 1974 were very dry and suffi-
cient supplemental water was not available. Less than 95 mm
(3.8”) of rainfall was received in July, August and September
that year. This was reflected in the banana yields shown in
Figure 3 and reduced the uptake of nitrogen in the leaves (Fig-
ure 4). Growth was reduced and fewer new leaves were pro-

duced.

RESULTS AND DISCUSSION

The nitrogen treatment data is summarized in Table 1. The
relative rates and actual rates per application in grams of urea
are presented. The mean N content of all leaf samples for each
treatment shows gradual increase from N,to Ng but the control
plants often fell below the 2.6% N critical level. This indicated
our nitrogen applications were not frequent enough. Likewise
the yields were less than anticipated. Treatment N6 was to be
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an excessive rate, which it was during the first year of produc-
tion. Technical problems with obtaining foliar analyses
promptly delayed the treatment applications.
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Figure 3. Yields of bananas during 3 years as influenced by levels of nitrogen
fertilization. Each level of fertilization is the mean of 2 nitrogen
rates. Arrows indicate time of nitrogen applications. Earlier nitro-
gen applications were made in August and December, 1971, and
April, 1972.

The harvest data of each treatment were totaled monthly.
Nitrogen treatments, N, and N, were combined as low treat-
ment, N, and N, as medium, and N5 and Ng as high. The re-
sults are shown for 36 months in Figure 3. The arrows at the
bottom indicate the time of nitrogen fertilizer applications. The
production peaks of all three N treatments for the first 18
months were similar with high N treatment showing highest
production and low N the lowest. The peak of June 1972 was
not unexpected since the corms were all planted 11 months be-
fore. The double peaks in November, 1972 and January, 1973
were artificial because of uneaven harvests. They should be one
peak because November and January each had 5 harvest dates
and December only 3. After November, 1972 the low-N treat-
ment plants had exhausted residual fertility in the soil and pro-
duction peaks were smaller and irregular. The summer of 1974
was very dry and irrigation water was inadequate, as mentioned
above. The soil was so dry that the plants were not able to take
up nitrogen effectively. This was evident from Figure 4 where
the leaf N content in August and September dropped sharply at
all 3 N levels.
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Figure 4. Banana leaf nitrogen percentages during 2 1/2 years as influenced
by level of nitrogen fertilization. Each level of leaf nitrogen is a
mean leat N content of two application rates. Leaf samples taken at
shooting are plotted as of the harvest date of the bunch some 3-6
months later. Leaf sampling was discontinued June 30, 1974, ex-
cept for 8 monthly control samples of the NyKg which are plotted
on the dates the leaf samples were taken. Arrows indicate time of

fertilizer applications.

The higher N treatments increased the number of bunches
produced, the weight per bunch, and the total weight of fruit.
Table 3 shows this clearly. The high number of bunches in N
Rate 1 retlects border effects. Guard rows have since been
planted to reduce it. The kg/bunch increased from 15.6 in N
Rate 1 to 33.5 kg in N Rate 5 and decreased in N Rate 6.

Table 3. Effect of nitrogen rate on bunch weight.

N No. Kg Kg/
Rate bunches total bunch
1 707 11,002 15.6
2 Y4 12377 20.8
3 687 19,601 28.5
4 668 21.813 32.7
i« 700 23.444 33:0
H 767 24,179 31.9

The number of healthy leaves a banana plant has atfects the
vigor of the plant and the size of the bunch. After the dry
summer in 1974, plants had lower vigor and fewer leaves. Oc-
tober and November had moderate rains which favored build-
up of banana leat streak disease. December was very dry but
January had 275 mm (11”) of rain. No fungicide control mea-
sures were taken and the disease became severe. Leaf counts at
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harvest in early 1975 are compared with those of January to
April, 1974 in Table 4. In 1975 the leaf numbers continued to
decline to about 2.7/plant compared to over 9 leaves in 1974.
The leaf count was lowest in the low N treatments. The 1975
yields were considerably lower in January and February, than
in 1974. However, the cause and effect needs more study.

Table 4. Healthy banana leaves/pseudostem at harvest vs N rate. (1975).

N rate Jan. Feb. Mar. Apr.
1974 Low 9.1 9.2 9.2 8.3
Med. 9.4 9.8 9.7 9.3
High 10.4 10.1 10.1 9.3
1975 Low 6.0 3.9 3.1 2.6
Med. 6.4 4.7 4.1 2.8
High 7.6 5.3 5.1 2.9

It has been demonstrated that rates of nitrogen fertilization
are of primary importance in banana production in Hawaii but

may be limited by inadequate moisture, low temperature and
insufficient solar radiation. A biotic factor, such as the fungus

disease, Black leaf streak, may also limit the effects of N fertili-
zation.
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INSECT BIOLOGICAL CONTROL
CARLTON S. KOEHLER

University of California Cobpemtive Extension
Berkeley, California 94720

Biological control has been given a rather restrictive defini-
tion by some entomologists, who maintain that it applies only
to the use of parasites, predators, and pathogens for the reduc-
tion of pest populations to tolerable levels. Others have chosen
to expand its definition to include other technologies of a
biological nature directed toward pest population reduction. I
have followed the latter course.

As plant propagators, biological control has very little to
offer you directly. Its greatest utility, based on knowledge to
date, comes after the plants you have propagated are planted in
the landscape, orchard, vineyard, or other growing site. Yet as
plant propagators you properly have an interest in the kinds of
pests which attack the crops you produce, the intensity of resul-
tant damage, and the procedures necessary to alleviate pest in-
festations.

Parasites, Predators, and Pathogens. Our most important
parasites are tiny wasps and flies whose adults deposit their
eggs in or on pest insects. On hatching, the immature parasite
proceeds to devour the pest before emerging as an adult from
the dead host to begin the cycle again. A recent success story
involved the release of the wasp Trioxys pallidus to combat the
walnut aphid, Chromaphis juglandicola, in California.

A predator normally consumes a number of host insects be-
fore completing its development. The more significant preda-
tors include the ladybird beetles, green lacewing larvae, ground
beetles, and assassin bugs. Also, birds, toads, and a variety of
other animals serve an important role in a predatory capacity
but these do not lend themselves easily to manipulation by man
as do some of the insects which are predators. The first success-
ful instance of the planned biological control of an insect pest
involved the introduction in 1888 of a predaceous ladybird be-
etle, known as the Vedalia, from Australia for control of the cot-
tony cushion scale, Icerya purchasi, on citrus trees in Califor-
nia.

Biological control by parasites and predators has the advan-
tage over many other pest control methods in that it is self-
perpetuating and therefore rather permanent, inexpensive to
initiate, and contributes nothing to the pollution of our envi-
ronment. It is most effective in dealing with pests which have
been accidentally introduced from another country. Such intro-
duced pests usually arrive and become established without
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their natural enemies. Classical biological control, then, entails
the search for and introduction of parasites or predators from

the native home of the pest, and the release of these in the
pest’s new country of residence. Biological control is less effec-
tive in dealing with a native pest, for we have no where to go
in search of its natural enemies. Unfortunately, a high propor-
tion of the more important shade tree pests in the United States
are native insects; therefore the outlook for biological control of
these is rather dim. Yet even these native pests have a complex
of native natural enemies, although they are not always effec-
tive in reducing infestations to acceptable levels. In such cases
there are steps which can be taken to improve or augment this
naturally-occurring biological control. For example, providing
food sources such as nectar-producing plants can result in im-
proved effectiveness of many parasitic wasps. Avoiding the use
of broad-spectrum insecticides, especially during critical
periods of parasite or predator activity, is another means of
achieving the maximum benefit from naturally-occurring agents
of biolgocial control.

Pathogens are disease-causing agents which can be man-
ipulated by man to bring about biological control of pest in-
sects. Our greatest experience has been with the bacteria. For
many years, Bacillus popilliae has been commercially available
for use in the soil for control of the larval stage of the Japanese
beetle, Popillia japonica. Bacillus thuringiensis is widely avail-
able and effective against a variety of caterpillar pests of orna-
mental, fruit, vegetable, and field crops. At present much re-
search attention is focusing on insect viruses as pathogens of
pests. Like conventional chemical insecticides, pathogens must
be thoroughly evaluated for safety to mammalian systems, and
for environmental impact, before they can be made commer-
cially available by industry.

Other Means of Biological Control. Beyond parasites, pred-
ators, and pathogens, other pest control agents or techniques
exist which could properly be considered to fall under the defi-
nition of biological control, in that they effect biological sys-
tems in a way deleterious to pest insects:

Pest-resistant plants — These are plants with genetically-
inherited traits which cause them to be unattractive to insects
as a place to deposit their eggs, which are toxic to insects
which feed on them, or which are able to support pest infesta-
tions without resultant intolerable damage. As examples, the
European grape, Vitis vinifera, is highly susceptible to the
root-infesting form of the grape phylloxera, Phylloxera vit-
ifoliae, while the American grape, Vitis labrusca, is resistant to
it. Juniperus sabina ‘Tamariscifolia’ is heavily attacked and se-
verely damaged by the juniper twig girdler, Periploca nigra, but
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many of the heavier-wooded prostrate junipers are tolerant to
this pest.

Entomologists and plant breeders have worked alone and in
collaboration with one another for years in an attempt to en-
large the number of pest resistant plant cultivars available to
agriculture and forestry. Their record of success is not impres-
sive, however, because of the long-term research commitment
necessary and the fact that insecticides have been so readily
available to handle almost any plant protection need. Yet with
new restrictions and regulations on insecticide use, en-
tomologists are giving increased research attention to the
development of pest resistant plants.

Guidelines for the development of insect resistant ornamen-
tal plants depart from those recognized in agriculture and fores-
try. Whereas a breeding effort is needed to develop resistant
corn, tomato, or tree fruit cultivars, a program of evaluation and
selection of pest resistant ornamental shrub and shade tree
species could serve many of our needs very well on a regional
basis. In coastal California, for example, Acacia verticillata, A
baileyana, and A. podalyraefolia are practically immune to the
albizzia psyllid, Psylla uncatoides, where the species, A. re-
tinodes, longifolia, and melanoxylon are very severely attacked
by this pest. In Contra Costa and Alameda counties, California,
the kuno scale, Lecanium kunoensis, devastates pyracantha.
The use of that plant should be avoided there, and less pest-
prone shrubs grown instead. Cedrus deodora or C. atlantica are
much more pest-free than the overplanted and pest-prone Mon-
terey pine, Pinus radiata, and Ginkgo biloba is almost free of
pest problems wherever it is grown. When dealing with orna-
mental shrubs and trees, we can often make good use of alter-
nate species of plants, so long as they have the appropriate
characteristics of color, height, form, and texture for a given
situation. Of course in the selection of ornamentals their sus-
ceptibility to plant diseases and other disorders must be given
consideration as well.

Insect growth regulators — A new family of chemicals is
being synthesized which mimic hormones and other substances
naturally produced by insects which are essential to the insect’s
normal growth and development. When applied to insects at a
critical stage of their development, these compounds de-rail
normal growth processes and the insect dies, is malformed and
therefore unable to reproduce, or is rendered sterile. One of
these, Altosid®), is available for control of floodwater mos-
quitoes. When immature mosquitoes are contacted by Altosid,
they are unable to transform to the adult stage, and die.
Another compound, Dimilin®), disrupts the normal formation
of chitin, an essential component-of the skeletal covering of in-
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sects. The considerable research efforts on insect growth reg-
ulators by university and industrial scientists almost certainly
will turn up a variety of unique compounds for use in pest con-
trol in the years ahead.

Behavior modifying chemicals — The world to an insect is
a chemical one, for virtually every aspect of its behavior is con-
trolled by responses to chemicals. This includes orientation to
food sources, the selection of a place to deposit eggs, the loca-
tion of a mate, and its defense against natural enemies. Some of
the chemicals so necessary for the wellbeing and survival of in-
sects have now been identified and synthesized and are in an
active state of investigation as means of controlling pest insects.

Pheromones are external hormones produced by most in-
sects and which are essential for such activities as finding a
mate, aggregation, and maintaining the integrity of social struc-
tures of bees and ants. Sex pheromones released by certain
female moths have the ability to attract males of the same
species from a distance of several miles. By releasing synthe-
sized sex pheromones, we now have the means to detect very
low levels of certain insects invading a new area by luring them
into sticky traps. Using similar traps, we can more properly
time the application of chemical insecticides because of the im-
nroved knowledge of when the target insects are active. At-
tempts are also underway to achieve direct control of insect
populations by trap-out strategies, utilizing pheromones, or by
disrupting successful mating of males and females through sat-
uration of the insect’s environment with a sex pheromone. The
potential for manipulating insect populations by behavior-
modifying chemicals appears very bright.

Other techniques — The use of crop rotation or other cul-
tural methods, the release of sterilized male insects into the en-
vironment, and the use of genetically-altered insects can all be
considered biological control procedures but in the interest of
brevity their attributes will not be described.

Integrated Pest Management. With this broad array of
biological control tools, one might ask why it is every necessary
to employ conventional insecticides for pest control. The rea-
sons are that biological control techniques are quite specific as
to target insects, some are only regionally applicable, and the
number of pests with which we must deal in agriculture and
forestry is very large. Also, some of these techniques have only
been uncovered in the past few years and it will require some
time before their full potential can be discovered and exploited.
Finally, the economic pest situation is continually changing —
new problems are continually arising but the old ones seldom
just go away. In all likelihood the use of conventional chemical
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insecticides will remain an important component of pest con-
trol for many years to come.

Trends in pest control now are in the direction of inte-
grated pest management. Because a single line of attack is often
unsuccessful in the long term, methods of integrating two or
more compatible techniques show promise for improvement in
plant protection over the long term. Integrated pest manage-
ment programs which have been developed thus far rely
heavily on a biological control component, but chemical insec-
ticides are used when necessary, and in a way least likely to
disrupt the gains which have been made by biological control.

AERATED STEAM TREATMENT OF NURSERY SOILS
KENNETH F. BAKER

Department of Plant Pathology
University of California, Berkeley 94720

Growers have become increasingly interested in soil treat-
ment and in pathogen-free stock as they have realized that the
ultimate sources of disease organisms are the soil (including
water and nonliving organic matter) and living plants. Soil
treatment may be accomplished by chemical fumigation or by
steam. Destruction of microorganisms has been the objective of
such treatments since they started in 1880-90, and recom-
mendations have emphasized overkill rather than minimal ef-
fective dosage. There is now a marked trend toward minimal
treatments and toward fumigants selectively toxic to pathogens
so as to avoid creating a biological vacuum dangerously subject
to reinvasion by pathogens, and so as to decrease formation of
toxins injurious to plants.

Commercial soil steaming to control diseases and insects
was begun in 1893. but the methods remained empirical for 60
years, with little scientific study or grower inventiveness. Criti-
cal investigations were published in England, Norway, and
California in 1954-60. The studies on aerated steam at the first
two places were made by engineers in an effort to reduce tuel
consumption. Our California studies were aimed at avoiding the
creation of a biological vacuum and production of phytotoxins.
It has been known for 35 years that moist heat of 140°F for 30
minutes will destroy plant pathogens (except tobacco mosaic
virus); treatment at higher temperatures theretfore wastes energy
and is biologically undesirable. Plant pathogens are more sensi-
tive to heat than are many saprophytic microorganisms. Treat-
ment at a temperature just sufficient to kill pathogens will leave
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insecticides will remain an important component of pest con-
trol for many years to come.

Trends in pest control now are in the direction of inte-
grated pest management. Because a single line of attack is often
unsuccessful in the long term, methods of integrating two or
more compatible techniques show promise for improvement in
plant protection over the long term. Integrated pest manage-
ment programs which have been developed thus far rely
heavily on a biological control component, but chemical insec-
ticides are used when necessary, and in a way least likely to
disrupt the gains which have been made by biological control.
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a substantial microflora that will compete with and be an-
tagonistic to any pathogen later accidentally introduced. A form
of biological control of plant pathogens is thus provided.

Creation of a similar effect by fumigants and other chemi-
cals now used has proved impractical. Highly specific chemi-
cals are subject to the considerable risk of microorganisms
developing resistance to them; such resistance to heat, which
atfects large metabolic targets, has not developed. A volatile
fumigant injected into soil diffuses outward in expanding
spheres, but, since it is sorbed by the soil, its concentration de-
creases progressively out from the point of injection. Treatment,
therefore, is characteristically nonuniform through the soil
mass, with overkill at the point of injection and undertreatment
at the outer points. By comparison, the temperature of soil
treated with steam or aerated steam is uniform throughout. The
steam condenses on the soil until it reaches the injection tem-
perature, then passes by and condenses on the next cool soil.
BTU are released only at the point to be heated. The only vari-
able is the time required for steam to permeate the soil, and
with proper equipment and adequate steam flow this can be
very short. Aerated steam is thus better suited to controlled
manipulation of soil microflora than are chemicals.

Movement of Aerated Steam through Soil. Soil steaming is
essentially the transfer of heat from a boiler to the soil. Aerated
steam diffuses through the continuous labyrinthine pores of the
soil to particles colder than itself, where the steam component
condenses. It therefore moves as an advancing front (treatment
temperature on one side and unheated soil on the other) that
varies from an inch or less in width {with efficient high steam-
tlow rate or proximity to the input) to several inches wide (with
low steam-flow rate or greater distance from the steam input).
In this zone of heating the aerated steam mingles with the pore
alr, producing a mixture ever richer in steam as the temperature
rises. The displaced pore air and the air from the spent aerated
steam are pushed out, imparting their heat to soil particles as
they pass out of the soil. A ready escape for this expelled air
must be provided or the aerated steam will not penetrate, and
the soil will not be heated.

Ground beds, therefore, usually cannot be effectively
steamed by surface application because of the excessive friction
to the downward and outward movement of the displaced air
through the compacted soil beneath the bed and in the walks.
By comparison, there is relatively unimpeded outflow of air
through the bottom of a raised bench, and porous soil 10-12
inches deep may be readily steamed.
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Since aerated steam penetrates very poorly into compacted
or low-porosity soil, thorough cultivation to the desired treat-
ment depth is required. For the same reason, clods should be
screened from the soil or broken up by cultivation. Soil mois-
ture beyond that required for good planting tilth decreases efti-
ciency because of the increased heat capacity and diminished
pore size. Dry soil should not be treated since weed seeds and
spores of plant pathogens are more resistant to heat when they
are dry than when moist.

Application of aerated steam from the bottom of the con-
tainer is best done through buried pipes or an enclosed space
(plenum) with a perforated upper plate on which the soil rests.
To avoid restricting the air outflow, a tight tarp cover should
not be placed over the surface until the soil air is displaced
(i.e., until the soil has reached the desired temperature).

There is now a marked trend toward application ot aerated
steam to soil through a plenum at the top in order to reduce
“blowouts” (eruptions of steam through chimneys of fluidized
soil that bleed steam from the rest of the treatment area). Steam
follows the path of least resistance. Downward ‘“‘blowouts’ tend
to seal themselves with loose soil. Steam injected into a top or
basal plenum moves along the walls of the treater faster than at
the center. This tendency is diminished when the soil layer is
no deeper than 24 inches, when a porous soil mix is used, and
by using a relatively high steam flow rate.

Mixing air with steam dilutes it and lowers its temperature
to any desired level. The ratio of air to steam at 212°F is 0:1 by
weight; at 180°F it is 1.5:1; at 160°F it is 3.3: 1; and at 140°F it
is 6.5:1. The lower the temperature desired, the greater is the
amount of air required, and the poorer the mixture in heat con-
tent. The old steam treatments at 212°F/30 minutes had a very
large margin (72°F) of safety, and even relatively careless treat-
ment usually was effective. Even if the soil in portions of a
bench was more compact or wetter than the rest, or the soil had
large clods, they would almost certainly reach a minimum of
140°F. It is obvious that the margin of safety decreases with the
treatment temperature. This situation is not ditferent from other
agricultural practices today that operate on closer tolerances
and with greater precision than in the past. Abundant experi-
ence shows that after 212°F steaming, unheated areas may re-
main as foci of contamination if the work is improperly done.
The difference between 212°F and 140°F treatment is, therefore,
one of degree rather than type. Aerated steam moves in the
same manner and rate through the soil as does pure steam.

How is Aerated Steam Produced? The simplest way to
produce aerated steam is to join together a pipe of flowing
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steam and one of flowing air so that the gases intermingle. If a
needle valve is placed in each pipe, the total flow rate can be
determined by controlling the steam flow, and it can then be
adjusted to the desired temperature by manipulating the air
flow.

The air is best supplied by a blower. The type of blower
depends on the amount of frictional resistance in the system to
the flow of air (i.e., static or back pressure). Straight blade cen-
trifugal blowers are generally used because they are relatively
inexpensive, rugged, and provide a static pressure (about 6
inches of water) sufficient for most soil steaming. Squirrel-cage
blowers are not suitable because they supply only 2-3 inches
static pressure. Higher pressures can be generated by cen-
trifugal blowers with backward curved blades or by Roots’s
Blowers, but the cost is excessive, and the power requirement
high. Piston compressors supply small volumes of air at high
pressure, the reverse of needs for soil treatment. Venturis were
used for a time, but are now rarely used. The size of the blower
in cubic feet per minute, and the pressure it will delivery must
be scaled to the job. If too small a blower is used, it will be im-
possible to bring the soil to temperature in 30 minutes, if too
large, “blowouts’ will become a problem. Table 1 will be useful
in determining approximate blower size as well as boiler capac-

ity.

Table 1. Flow rate of air and steam required to heat one cubic yard of U.C.-
type soil mix to the indicated temperatures in 30 minutes at two
levels of operational efficiency. Computed on the basis of soil and
air temperature of 70°F, and soil moisture 15%.

30% Eftficiency 50% Efficiency

Treatment Air-steam

temperature ratio Alr Steam Air Steam
(°F) (by weight) (c.f.m.) (Ib./min.)  (c.fm.) (lb./min.)
212 0:1 0 7.80 0 4.68
190 0.9:1 80 6.07 48 3.94
180 1.5:1 123 6.04 74 3.62
170 2.3:1 170 .47 102 3.28
160 3.3:1 220 4.94 132 2.96
150 4.7:1 276 4.37 166 2.62
140 6.5:1 336 3.84 202 2.30

Steam usually is injected into the air stream somewhat be-
fore it enters the treatment chamber, and the rate of steam flow
is manually controlled by a needle valve. The air flow is con-
trolled by a damper on the blower intake or a damper bypass on
the blower outlet. In a typical instaliation the blower is con-
nected to the treatment unit through a flexible wire-reinforced
neoprene hose of about 6-inch diameter. A thermometer in-
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serted into the tube at the point where it enters the treatment
unit will indicate the temperature of the steam-air mixture. The
thermometer must be accurate in the range used. Good quality
chemical thermometers must be used, and should be calibrated
against one of known accuracy.

The soil should reach the desired temperature in 30 min-
utes or less and be held at that temperature for 30 minutes. The
flow may be reduced after the desired temperature is attained,
and the steam shut off after the treatment period. The continued
air flow will then rapidly cool the soil by evaporative cooling,
permitting prompt use of the soil in planting. The temperature
need not be brought below 90°F. An oiled fiberglass filter.
should be placed over the blower intake to remove dust from
the air, at least during the cooling cycle, to prevent contamina-
tion of the cooled soil by dust-borne microorganisms.

Methods of Treating Soil with Aerated Steam. It is possible
to treat soil with aerated steam by any of the standard methods
used for soil steaming by nurserymen and florists.

Subsurface Steaming. Buried perforated pipes or tiles may
be used for aerated steam, but the size of the pipes or tiles must

be greater than for steam alone because the volume of gases at
140°F is 4.1 times that of steam alone, In the soil bin, mobile

bin and potting bench, dump truck, and steam box types, a
basal plenum should be used instead of perforated pipes to in-
troduce the steam. This plenum should be 4-6 inches high and
covered with a perforated steel plate or a strongly supported
expanded metal screen on which the soil rests. The mobile bin
and potting table with a basal plenum has been constructed by

many growers, and an American commerical unit is also avail-
able.

Surface (Thomas) Steaming. This method is commonly
used on raised benches. The aerated steam is fed tangentially
into and near the bottom of a circular trap to centrifugally re-
move entrained water drops. On all surface types of equipment
such a drier is necessary to prevent production of a wet spot
below the point of injection. The dried aerated steam is then in-
troduced under the canvas bench cover in the usual manner for
the Thomas method. The cover must be held down on the
bench with wood strips clamped to the sides, because of the
great volume of aerated steam introduced. The method is al-
most worthless on benches with tight bottoms, or on ground
beds with inadequate bottom drains, and should be supplanted
by buried pipes under these conditions. A moditication may be
used on the mobile bin and potting bench by using a plenum
lid on top, with the bottom plenum acting as an exhaust
chamber. The outlet opening of the exhaust chamber should be
the same diameter or smaller than the input opening of the in-
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jecting plenum. Commercial New Zealand and Australian units
are available in which the controls are completely automated.

Vault Steaming. Flats, pots, or other containers of soil are
placed in a closed chamber or vault into which straight steam is
released without pressure and mingles with the air. The tem-
perature slowly rises as the air is expelled through cracks
around the door or through an open release valve. Since the
vault space is occupied by the air which mingles with the in-
troduced steam, no air need be added until the steam-air mix-
ture attains a temperature about 20°F below the desired treat-
ment temperature. The blower is then turned on to establish the
upper treatment temperature. It is not desirable that the vault be
air tight unless the spent aerated steam is to be recycled
through the blower. If the aerated steam is released into the top
of the vault, it must be centrifugally dried, as for surface steam-
ing; if it is introduced at the bottom, this is unnecessary as the
vault will act as the water trap.

The containers in the vault should be separated by at least
1/2 inch in each direction to facilitated steam penetration. Heat-
ing the soil in the containers is largely from diffusion of steam
into the exposed soil surface. The last point to attain tempera-
ture in a pot or tlat is thus in the center about 2/3 of the dis-
tance down from the top. No container to be treated in a vault
should hold more than a half cubic foot of soil.

Transit-type Concrete Mixers. These units have come into
general use for soil mixing in nurseries and glasshouses, and
more recently this operation has been combined with soil
steaming. Since the soil is constantly tumbling through steam,
and since the mixer is filled with air, this equipment in effect
uses aerated steam. The time of injection of straight steam de-
termines the temperature; when the desired temperature is
reached the steam flow is decreased to a level just sufficient to
hold the temperature for 30 minutes. The mixer must be less
than half full for satistactory mixing and steaming, and the sur-
face of the drum should be insulated with a foam plastic.

Advantages of Treating Soil with Aerated Steam. There are
several advantages in using aerated steam rather than 212°F
steam in treating soil, some of which will appeal to one and
some to another grower.

1) There is less chance of destroying soil microorganisms
antagonistic to plant pathogens when treating at 140°F than at
212°F. There is, theretore, a reduced chance of an accidentally
introduced pathogen luxuriating and causing severe disease
loss. This biological buffering effect is a reinforcement of rea-
sonable sanitation, not a substitute for it. This protective effect
does not result when essentially sterile media (sand mined from
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deep deposits, perlite, vermiculite) are used. The treatment
selects microorganisms, it does not create them. The micro-
organisms that survive the 140°F treatment are largely in genera
recognized to be potential antibiotic producers. The spores of
these antagonistic bacteria and fungi are stimulated by 140°F
treatment to greater germination and growth, increasing their
relative proportion in the active soil population. Most weed
seeds are also killed if the soil is kept moist for three days prior
to treatment.

2) The toxicity ot soil to plants that is often induced by
steaming to 212°F does not occur when treated at 140-160°F. In
such toxic soils seedlings may be killed or severely injured, and
yield of mature plants may be reduced. The usual experience ot
growers is that an increase in size and vigor of plants results
when soil treatment temperatures are lowered. For example,
water-soluble manganese is released from the soil colloids by
excessive heating. Some soil fumigants also leave a toxic resi-
due (e.g., methyl bromide is injurious to carnation and snap-
dragon).

3) Because the temperature is raised only about half as high
at 140°F as at 212°F, there is a substantial reduction in the

quantity of steam used. This means lowered cost, greater treat-
ment capacity from a given boiler, or both. The saving in fuel
will largely oftset the expense of supplying the necessary air for
treatment.

4) The soil cools more rapidly to temperatures suitable for
handling or planting when treated at 140°F than at 212°F. By
continuing the air flow after treatment the temperature may be

lowered even more quickly by evaporative cooling.

5) Workmen are not burned in handling aerated steam at
140°F, as they may be at 212°F, and experience less discomfort.
Several growers have indicated that they would continue the
use of aerated steam for this reason, even it there were no other

advantages.

6) Plastic pots and small divided inserts for flats can be
safely -treated at 140°F without deformation, and some with-
stand 160°F. This permits treatment of the soil in the contain-
ers, and reduces handling following treatment with its at-
tendant opportunity for contamination.

7] The ““weed molds’”’ (Peziza ostracoderma, Trichoderma
viride, Pyronema confluens), prevalent on soil treated at 212°F/
30 minutes, are largely suppressed on soil treated at 140°F by
the surviving resident antagonistic microflora.

Epilogue. As with any new method not fully understood,
some misconceptions have arisen about the use of aerated steam
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for soil treatment. It is thought to be expensive, complicated,
and difficult to use. However, almost any treatment equipment
used for 212°F steam can be used for aerated steam. The only
additional equipment needed is a blower, and the added ex-
pense is minimal. Operation is similar to, and no more complex
than that for straight steam. Grower experience in many differ-
ent areas in the last 14 vears has been in accord with these
tacts.

Some have mistakenly thought that, because of remaining
soil antagonists after aerated steam treatment, sloppy sanitary
operations can be allowed. This treatment is supplemental to
good grower practices, not in place of them.

Aerated steam is today a practice of demonstrated feasibil-
ity, economic desirability, and beneficial though still largely
unexplored biological potential. Since the ultimate test of any

soil treatment is the subsequent contamination by pathogens,
the use of aerated steam treatment is here to stay.
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QUESTION BOX

WILLIAM SNYDER: Now, do we have some questions for
our panel?

VOICE: In the case of certain of these biological control
tools, particularly the behavior-modifying chemicals and the in-
sect growth regulators, are there any side effects on the envi-
ronment?

CARLTON KOEHLER: We don’t recognize many, but I
should point out that in the case of some of the behavior-
modifying chemicals, in the case of pheromones, for example,
that since these are used to either control, repel, attract, or
mitigate they are considered pesticides by the EPA and, there-
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fore, must be evaluated as any pesticide. So there is going to be
a long delay in these materials appearing commercially because

they have to undergo a series of tests, even though they are
naturally-occurring products. But I know of no particular en-
vironmental impact that any of these classes of compounds is

going to have.

VOICE: When you are using insects to control other insects,
once the beneficial insect has consumed the pest insect, do not
the beneficial insects move on?

CARLTON KOEHLER: The answer is yes. They have got to
have hosts on which to feed. So you always must have a resi-
due of insects in order to keep these things going.

PAUL MOORE: Dr. Baker, you didn’t mention the length of
time for the aerated steam treatment. Are we to infer that a 30
or 40 minute treatment at 140°F is correct?

KENNETH BAKER: Yes, I am glad you raised that point. In
order to simplify the situation we have tried to standardize on a
30 minute time interval, and use the temperature as the wvari-
able. If everybody uses a 30 minute interval, at a certain tem-
perature you know that you will achieve a certain result. If you
suggest 135°F for 35 minutes, for example, you have a chaotic
mess. We are trying to eliminate the time variable by stan-
dardizing it.

VOICE: What are the common names of the fungicides
mentioned?

ROBERT RAABE: Benomyl is sold at the present time prin-
cipally as Benlate. Ethazol is sold primarily by the name Ter-
razole if it is manufactured by Olin Company; if it is produced
by Mallinckrodt it is Truban or Koban. Koban is used princi-
pally on turf; Truban is registered for use on ornamentals. Tru-
ban can come either as a wettable powder or as an emulsifiable -
liquid, either of which does an excellent job. Diazoben is sold
principally as Dexon. Thiophanate methyl is marketed under
the name of Cercoban M or Topsin M or Xyban, depending
upon who makes it.

VOICE: Can you use Ban-Rot at 6-month intervals?

ROBERT RAABE: Ban-Rot is a mixture of Truban and
thiphanate methyl. It is a very good mixture because it does
cover a range of different fungi which are all important. The
length of time that they will last in the soil will depend upon
how you are using your soil. If you have soil in containers and
you have a disease problem, we find you should use these ma-
terials at approximately one-month intervals, although you may
skip and use them at two-month intervals. It depends upon how
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"~ 'much- disease control you get when you use it and how many
.disease-producing organisms you have present. You just sort of
‘have to feel your way along.

VOICE: Can you treat carnation cuttings to control Botrytis
with a dust material as readily as with a solution?

ROBERT RAABE: I don’t know. We haven’t tried it. Maybe
we should try. We have used dusts in other areas and generally
we find we do not get as good coverage with a dust as we do
with the dip, therefore we do run into some problems. We
haven’t tried it on carnations. I think it might be a good idea to
try.

PHILIP BARKER: I would like to ask Dr. Baker a question.

In the absence of a boiler, what type of portable steam generator
do you recommend?

KENNETH BAKER: One should explore the availability of
stand-by boilers that are operated in most cities that have any
sort of manufacturing or commercial operations. You can have
them brought in to supply steam at so much an hour or a day.
The Clayton Boiler Company has truck-mounted boilers in
cities that have need for them. One of the common misconcep-
tions is that steaming is an expensive operation; but if you
work it out on a pro rata basis it actually is no more expensive
in the long run than using chemical fumigation, or any other
form of soil treatment. Think of it on a 10 year basis on the cost
of the boiler. Even if you borrow the money, it still pays off.
But if there is a possibility of using one of these rental services,
[ would do it. You can find these rental boiler companies listed
in the yellow pages of the phone book. These are commercially
available in case a boiler breaks down and will provide boiler
service while their own equipment is being repaired.

Using the right size boiler to do the job is a matter of sizing
it to the number of cubic yards of soil to be treated at one time.

VOICE: Dr. Baker, could you explain further about filtering
the air into the boiler?

KENNETH BAKER: You do not inject air into the boiler;
you inject the steam into the air flow from the blower. The filter
simply goes on over the input of the blower. The fiberglass that
is sprayed with oil — just as you do with the air filter in your
car — is to keep out dust.

BRUCE BRIGGS: Where are we in terms of biological con-
trol of plant pathogens?

KENNETH BAKER: Essentially it comes down to two things
that are being done. One is manipulation of the soil environ-
ment to make it more favorable for antagonistic organisms al-
ready present. An example of this is provided in the state of
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Washington in control of fusarium foot rot of wheat. They know
that if their moisture level declines appreciably — it doesn’t
have to go down very far — the antagonistic bacteria present in
the soil become inactive — go into a spore stage. These bac-
teria, while active, suppress Fusarium. The problem thus be-
comes one of keeping wheat soils moist longer. They are doing
this in three ways: (a) they plant the wheat late so that the
plants don’t get so big; (b) they do not use any more fertilizer
than necessary to get the yield they wish. The soil stays moist
longer, the bacteria are active longer, and the fusarium is sup-
pressed. (c) different varieties vary greatly in the amount of
water they use. The varieties now used have a better water eco-
nomy; the soil stays moist longer, the bacteria are effective
longer, and the disease is less troublesome. That is environmen-
tal manipulation.

The other type of control, and I think the one Bruce was al-
luding to, is to treat soil or add antagonistic microorganisms to
it in order to accomplish biological control. In the nursery and
florist industry this is particularly promising, because you gen-
erally are adding single organisms. When you do this it is al-
most necessary to get rid of organisms already present. It really

doesn’t matter whether you treat soils with methyl bromide,
chloropicrin, or steam. You reduce the population that is there,
then add an antagonist to it. This works very effectively under
these conditions. But it does not seem to work under field con-
ditions where the soil is not treated to get rid of the existing
microorganisms. Single antagonists work well in treated soil,

but have not been very practical in field use.

BILL SNYDER: Thank you very much, Ken. I would like to
thank the three speakers from Berkeley, Dr. Raabe, Dr. Koehler,
and Dr. Baker for coming down here this evening and discus-

sing these three very interesting topics with us.
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SQUARELY TOWARD THE FUTURE

TOK FURUTA

Department of Plant Sciences
University of California
Riverside, California 92502

Where is your company headed with respect to protfits,
costs, and prices? Can you plan for a given profit? Yes, you
can!! Planning is a never-ending responsibility and opportunity:
determining the company’s goals and the organization and
people required to attain them. Planning faces you squarely to-
ward the future.

Planning cannot be done in a vacuum. Facts must be avail-
able for plans to be made, facts about your business and about
the business world that affects your business. Among these
facts must be what you expect to be spending for the goods you
produce and sell.

Do we want to consider procedures to determine costs? Do

we want to consider what 1-gallon plants, peat, containers, etc.
cost me and you and you? Do we want to consider standardized

costs for the industry? Do we want to consider what to do with
the data we have? Many other questions can be raised — but
enough!!

For this discussion 1 intend to cover, first, a general proce-
dure for looking at costs; second, some procedures for estimat-
ing costs; and last, some aspects of the use of cost data in pric-
ing decisions.

The Data System. Betore going on to a discussion of costs,
let’s take a look at data. You and I are aware that it costs money
to obtain data. It matters not whether the data are costs of pro-
duction, inventory, or accounts receivable over 30 days. There-
fore, we must decide whether collecting the data is financially
worthwhile. Why collect the data? Is it because it’s important to
be able to pull out and display this information? Is it because
we will use it for making decisions? These are two valid rea-
sons, and there are others. We should recognize that the first
reason costs us money without financial return.

How do we decide how much data to collect? This problem
can be approached from the viewpoint of refinement of data
and focusing upon where cost decisions can be made.

Systematically, in any data collection system we start with
rather gross data. Then we refine the data to suit our needs. For
example, first estimate of the cost of production is to take the

yearly profit and loss statement and allocate costs to the total
number of items sold. Certainly this estimate of cost is gross
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and inadequate, but it is a method. Then we can break down to
species, block or any other desired unit. In this way we are re-
fining our estimate of true cost of production for a given item.

Next, we must determine what meaningful decisions can be
made. A decision whether to substitute machines for labor in
some operations, for example, requires collection and analysis
of data. This would be true when considering replacing people
with machines for hauling plants. On the other hand, because a
machine cannot replace people for plant pruning, data collec-
tion would not be considered for this operation. This does not
mean, of course, that we cannot look at the tools used in prun-
ing, the influence of size of planting, various ways to pay labor
for the operation, etc.

You and I are aware of the term GIGO: ‘“Garbage in, gar-
bage out.” Too often, because of a system’s complexity or be-
cause of disinterest on the part ot those supplying the input
numbers, a lot of useless data gets into our system and comes
out of it to garble the decision-making process. The simpler the
system of getting and properly recording data, the more likely
the numbers will be at least precise enough for our purpose.
For example, keeping records by blocks may be meaningtul,
while keeping records by individual beds results in garbled
data.

A data system requires collection and computation. First,
someone must observe and then record the information — I
have six workers, and we each spent 3% hours pruning junip-
ers. Second, all of the different pieces of information or bits of
data must be compiled. During the month of May, 86 hours
were spent making 2150 cuttings at a total direct labor cost of
$30.10. How often the observations are made, the forms used to
record the data, the business machines to be used to compile
the data, the persons responsible for recording the data, the
persons responsible for compiling the data and the manner in
which the data are displayed to you — these are the parts of the
system you develop for your own needs. Obviously the more
detailed and complex the system, the more people will be in-
volved — and the more people involved, the more likelihood of
GIGO. Obviously too, the more complex the data system, the
more alarms you install in the system to make certain the out-
put is within tolerance limits.

The Nature of Costs. At the end of each month, or at least at
the end of the fiscal year, you receive a profit and loss state-
ment from your accountant. The various expenditures are
grouped into three categories: cost of goods sold, cost of selling,
and administrative costs or overhead. As we look at each line
item, direct production labor, taxes, telephone, etc. we realize
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that each item has a relation to level of production. Some items
— direct production labor — vary directly with the amount of
production. The more we produce, the more we must spend on
this item. Some items would remain the same even if we did
not produce and sell a single plant — taxes and administrative
salaries, for example. Also, some items vary partially with the
level of production and selling: we pay a basic charge for tele-
phone and electricity but the more we produce, the more use
we make of these; thus, the more we must pay for them. We
categorize these items of costs as being variable (those that vary
directly with the amount of production or sales), fixed (those -
that are essential to “keep the doors open’” even without sales],
or semi-variable (those that are partially influenced by amount
of production and sales but also are partially essential to keep
the doors open).

There is another way of looking at these same financial
data. Bergfeld, Earley and Knoblock (1) emphasize planning for
profit and separate costs items as constant, programmed and
variable costs. Constant costs are the basic business expendi-
tures necessary to do business. Taxes, top management’s
salaries, and insurance are examples. Programmed costs, al-
though appearing to be fixed in connection with current opera-
tion, are those incurred because management has made a delib-
erate decision to attain a goal. Examples are costs of developing
new product lines and the equipment required to produce
them. These costs can be raised or lowered at the discretion of
management from one budget period to the next. Programmed
costs can be further subdivided into specific (cost associated
with one sector or product) and general (cost to improve the en-
tire business such as research departments). Variable costs vary
directly with volume of production and include materials, di-
rect labor and labor expenses and selling commissions.

The costs of running your modern nursery are complex and
varied. Some costs are incurred to increase sales volume. Some
costs are incurred to reduce other costs. We realize that profit is
not realized until all costs are covered by sales revenue. How
available cost data are used in the decisions on pricing and ex-
penditures depends on our approach and appreciation of costs
in relation to. output.

Methods of Determining Costs. Each of you has had many
opportunities to hear and read how others are determining
costs. For example, there are the reports by Thomas Pinney, ]Jr.
(2), Earl Robinson, Jr. (3), and Ralph Shugert (4) in Volume 24
of the Proceedings of our Society. Special manuals on specific
crops (5, 7) and reference books (6) also have sections on de-

termining costs.
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The first approximation ot cost of production is to take the
yearly P&L statement and determine the cost of the units sold
by dividing total cost by total units. Even with tactoring to give
different size containers their proportionate cost, this estimate
is very gross and not very useful.

A refinement of this approximation is for management to
allocate cost by some common unit such as fields, blocks,
species or container size. The layout of the nursery and the or-
ganization will be considerations. If the nursery is laid out in
blocks with a manager for each block, then this becomes a rea-
sonable basis because the manager of the block can be charged
with the responsibility of data collection. Records can be kept
on the use of resources by blocks, and the costs of the units
produced in the block can be determined. Managers can expect
costs to vary between blocks depending on size, species, form
of plant, etc.

Unit costs have been a concern of nursery managers. Many
items of cost are dependent on size of the blocks, number of
units produced or some other variable. For example, the effi-
ciency of labor in pruning plants, as measured by the number
of plants pruned per man hour is dependent upon, among other
factors, the shape of the plant, the plant species, the size of the
plant, the number of plants in a bed, and the arrangement of
the plants in the bed as well as. the tools used and the ability of
the laborer. Unit costs must retlect these factors, and they be-
come complex to determine. The question to raise is how mean-
ingful the knowledge of unit cost is to management decisions.

In determining production and marketing costs, nursery
managers are allocating all of the cost items to the various sizes

and types of products produced and sold. The method of al-
locating constant costs must be determined. And the procedures
for determining variable costs must be established and fol-
lowed. These are the two most worrisome aspects of determin-

ing costs, because we often feel uncomfortable with our proce-
dure — we feel we should be able to do it better, simpler and

more accurately.

At this point let me interject the thought that if we concen-

trate more attention on profit, then many of our hangups will
disappear. We will look at cost in relation to profit later.

Constant costs are generally allocated to individual prod-
ucts on a space and time basis. The justification behind this is
that these costs continue at the same level whatever the size or
product and that many of these costs are charged to the busi-
ness on a space basis — the real estate taxes we pay are on the
basis of ‘the size of the area, for example. The size aspect — 1
gallon vs. egg container size for example — is usually factored
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or converted to a ‘‘common size.”” One gallon equivalent is a
useful concept, where on a space-occupied basis an egg con-
tainer has 22 one-gallon equivalents. Thus, each egg container
would accumulate 2%, units of constant cost for the same time
that a 1-gallon container accumulates 1 unit of constant cost.

Direct variable costs of labor, materials and sales commis-
sions are often computed by taking necessary data off of sales
slips, invoices, etc. Total direct labor can be computed from
time cards.

Many problems arise when management wants to deter-
mine where labor was spent among the numerous jobs needed
for the production of plants. Among the alternative procedures
for determining this information are: (1) keeping a continuous
and detailed time chart on each individual, and (2) using indus-
trial engineering and time and motion procedures to estimate
the true time spent at various tasks.

Both procedures are used, depending on the situation. Even
when continuous records are kept, management often wants to
analyze certain operations in detail, using time and motion
techniques, with the objective of eliminating inefficiencies. This
holds for production labor, office work, management duties and
all aspects of a company’s operations. |

Cost in Relation to Price. You generally use one of two ap-
proaches for pricing products:

(1) You consider that the marketplace establishes the price
and go along, even when certain companies are considered to

be price leaders.

(2) You price on the basis of “cost-plus,” that is, you calcu-
late the cost of production, add on selling and administrative
costs, and then add on a profit percentage to establish the sell-
ing price.

Market reaction to price is important; you don’t have to
passively and slavishly accept this price. Within the latitude al-
lowed by market reaction to price you can actively establish
price for profit and growth.

The ‘““‘cost-plus’’ approach assumes that each unit sold
would be contributing a percentage of the sale price as profit
(Table 1). Only if the predicted volume is sold will the profit be
the same as planned. The income above direct variable costs for
the first units sold would contribute towards covering constant
and programmed costs (Table 2). Only after the break even
point is reached will profit begin to accrue from each unit sold.
The percentage of profit will vary with the number of units sold
(Figure 1).
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Table 1. Cost-plus methods using assumed data to price nursery stock.

per 1-gallon container

Materials costs $0.258
Direct labor and expenses 226
Production overhead 070
Total production cost 0.554
(cost of goods sold)
Selling costs 129
Administrative costs .066
Total cost $0.749
Profit @ 15% of total cost 112
Selling price $0.861

Table 2. Cost analysis for the procedure of pricing for profit.

Percent
of Sales
Selling price $0.861 100
Direct Variable Costs
(Vary with volume)
Material 258
Labor 226
Selling commission .083
Total $0.567 66
Margin contributed to $0.294 34
cover constant and
programmed costs and
contribute toward protfit
$750,000 SALES § .34 CONIR.=
PROFIT | (0o0)  4255.000 LESS|$182,300, COBSTANT
CONTRIB. 100 PRDGR. COST = $72(700.] PROFIT
_______ BREAK EVEN
CONSTANT ® 182 800, adire
l - 110,
COSTS | \ . .34 CENTI{.— qasg ALES)

PROGR -
COSTS o

300

0 200 400 600 300 1000
SALES (000)

Figure 1. Interrelation of cost, price, volume and profit using data shown in
Table 2.
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This assumed nursery will require a sales of $536,176 to break
even. If its sales totaled $750,000, profit will be $72,700 for a
profit of 10.7%.

From this chart (Figure 1), it is evident that the first units
sold do not contribute profit to the nursery. Only after 622,532
one-gallon containers are sold at $0.861 each will each addi-
tional sale of a one-gallon container contribute profit.

Likewise, it is possible to see that changing the sales price
changes the contribution rate (Figure 2). The slope of the reve-
nue line and the break even point change. The number of
plants the nursery must sell to gain $72,700 in protit, or 15%
profit, changes as well.

By predetermining the dollar profit desired and knowing
costs, you can calculate how various prices will influence the
total volume of sales needed to reach the profit goal. Then you
can examine the marketplace and determine the price most
likely to allow you to reach your profit goal.

PROFIT | (000
CONTRIB. l

100

1| IR P IS S 0
CONSTAN
COSTS

100
PROGR o
COSTS o

200 g

300

0 200 400 600 800 1000
SALES (000)

Figure 2. Influence on profit of changing sales price.

This concept of pricing on the basis of direct cost and planned
profit is described more fully by Bergfeld, et al. (1), and Lennon
(8).

You are Unique. Obviously we want to make our nursery
more profitable, and we want to use data to make better deci-
sions. In this regard, we should select the key indicators of per-

formance (KIP) that would immediately tell us when things
begin to go bad. We should watch these KIP constantly and
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closely. Margin contributed could well be a KIP of value.

In this paper, I have not attempted to give you specific pro-
cedures to determine costs. Each of you is unique, and you
manage a unique nursery. Thus, you must develop your own
procedure to meet your requirements.

Costs and data system you use to determine costs must be
related to other activities. Often these other activities — pricing
for profit for example — can have a more profound influence
than simply knowing costs.
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THE RELATIONSHIP OF JUVENILITY TO
PLANT PROPAGATION

D.E. KESTER

Department of Pomology
University of California,
Davis, California 95616

The subject of juvenility in plants is receiving increasing
attention from propagators, horticulturists and foresters both
from academic interest and practical necessity. A worldwide
study group for horticulturists, foresters, and pomologists inter-
- ested in juvenility has been formed under the auspices of the
International Society for Horticultural Science. In 1975, two in-
ternational symposia were held, one in Beltsville, MD., U.S.A.
and one in Berlin, Germany (17}2.

Most interest in juvenility focuses on 3 significant practical
problems. First, how can one maintain or increase the rooting
potential and regenerate hard-to-root cultivars by vegetative
propagation? Second, how can one shorten the juvenile period
to bring about early flowering to speed up breeding programs
for fruit, nut and forest crops? Thirdly, how can one avoid (or
utilize) the variability in growth performance and morphologi-
cal appearance that sometimes characterizes juvenile growth

Relationships, such as the effect of juvenility on rootstock

behavior, may also be important but are not well understood.
Likewise, seed production of forest trees must be conducted to
retain the long juvenile period important in this crop.

CONCEPTS OF JUVENILITY IN RELATION TO LIFE CYCLES

Understanding and finding solutions to the above problems
for specific plants requires basic understanding of the lite cycle
of the plant because it is only in this context that juvenility
makes sense. Thus, we must distinguish between the life cycle
of an individual plant started from seed (Fig. 1) and a life cycle
of an individual plant started vegetatively from a bud or a cut-

ting (Fig. 7) (4).

3 References are made by number to specific publications; names identify pa-

pers in the 1975 Symposia that deal specifically with the subject under dis-
cussion.
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Figure 1. Development cycle of a plant grown from seed. Shows the distinc-
tion between the juvenile phase and adult phase.

Seedling life cycles. (Figs. 1 and 2).

1. The cycle begins with a single cell, normally the zygote,
which is the first cell originating from fertilization of the egg by
a sperm cell. (Sometimes, however, the cycle could begin with
another cell as in nucellar embryos or unreduced sex cells, as
in apomictic embryos.) This first phase involves growth of the
embryo within the mother plant and is terminated by germina-
tion of the seed.

2. The growth phase immediately following germination is
defined as juvenile and is a period of growth in size and vol-
ume resulting from cell division in the meristems. It is part of
the concept of juvenility that these growing points cannot ini-
tiate flower buds at this stage. In some plants unique mor-
phological characters, as thorns, distinct leat shapes, etc., may
be present in the juvenile phase. These may be useful as
“markers’’ to identify changes in phase.

3. A transitional phase follows the juvenile phase and in-
volves an internal shift from strictly vegetative to reproductive
in which flower buds can be initiated. Sometimes there are ab-
rupt changes in appearance of the plant; in others, the change
may be gradual and the time when it begins difficult to identity
precisely.

4. Eventually the plant becomes fully reproductive and
produces flowers, fruits and disseminates seeds. This is the
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adult phase. Production of new seeds repeats the sexual cycle
and creates a new generation.

Terminology is important in the context of juvenile to adult
changes. It seems desirable to avoid the terms ‘‘age’” or “‘aging”’.
Rather the consensus among workers in this field is to use the
term “maturation” for the process and to refer to the reproduc-
ing plant as “adult” or “mature”’, rather than “old”.

Eventually, the plant becomes senescent and dies. In some
cases this follows because growing points produce only flowers
and fruits and none are left to regenerate shoots. In an annual,
all shoots become flowering in one season and the plant dies
thereafter. Some bamboos and some Agave plants may be
juvenile for many years — 50 to 100 — then suddenly become
reproductive, flower, and die after seeds are produced. Peren-
nial plants continue to live year after year because only some of
the shoot buds become reproductive, but other buds remain
vegetative (not necessarily juvenile) and continue the existence
of the plant.

Seedling plant phases
Embryo phase

}

Juvenile phase shoot buds cannot

J J J
l become flower buds ‘ 1
A A

ransition phase Shoot buds begin to
l respond to induction

uojledniey

Adult phase Flowers and produce A

l . seed

Senescence and
Death

Figure 2. Phase of maturation from juvenile to eventual death. Change may
be considered as a gradual shift from juvenile to adult, ] - A, 2
distinct overlapping phases, or 3 separate phases — juvenile, tran-
sitional and adult.

Juvenility and growth patterns. Plant growth and devel-
opment proceeds in individual growing points (meristems) in
the tips of shoots and roots, and in lateral points in axils of
leaves. Some of the cells in these meristems continue to divide
to produce new cells and thus continue to expand the plant;
others remain behind to become stems, leaves, roots, etc. More
and more new growing points are produced at nodes as the
plant increases in size and complexity (Borchert, Lord, 17).
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With time, these growing points become separated from each
other and progress through the maturation phases at different
rates. Various research efforts are now being made to establish
the relative importance of the internal control system within the
growing point itself, the surrounding environment, and the
hormonal influence of the nearby leaves, other growing points,
and the roots for determining the phase of maturation (Wareing,
Hackett, Schwabe 17).

Juvenility is related significantly to propagation in several
ways. First, control of maturation from juvenile — adult is
largely a function of the development of the growing point.
Thus the duration of the juvenile phase is determined by
number of cell divisions achieved by the vegetative meristem
(and the number of nodes) rather than chronological time.
Keeping juvenile plants growing continuously at their
maximum rate with optimum growing conditions, e.g., con-
tinuous light, long days, adequate nutrition, increased CO,, etc.,
— will allow the growing points to literally grow their way
through the juvenile period in the shortest time and result in
early flowering. Aldwinckle (17) brought apple seedlings into
flower in the greenhouse in 16 months compared to 3 to 8 years
for plants growing in the field. Similarly, Zimmerman (16)
found certain (apomictic) crabapples to have a juvenile phase of
75 to 80 nodes irrespective of the time required to attain this
height. Similar response from growing seedling plants rapidly
in controlled environments have been shown for pear (14),
birch (Longman 14), and spruce (Young 17) and the principle is
probably universally applicable (Fig. 3). Growth and develop-
ment has also been stimulated greatly in annuals by environ-
mental controls applied as early in their life cycle as possible
(4). Even excised embryos of some peach cultivars respond to
long photoperiods and increased temperature (6).

| 2 | 2 23

05 O O
mrermittent glasshouse
Chill 0°-5%
O O O
- putside control

| [ l T_V_

O Q5 10 ) 20 25 Years from germination
(Feb)

Figure 3. Effect of growing conditions on flowering in Betula verrucosa seed-
lings. Dark = heated greenhouse, light = out-of-doors. Numbers
refer to mean numbers of catkins per plant. (from Longman, 17).
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The second application is that different parts of the plant
tend to remain juvenile and others adult, as shown in Fig. 4.
This phenomenon has been known in the horticultural litera-
ture as topophysis (4). It leads to a paradox in terminology in
that the oldest part of the plant, from standpoint of chronologi-
cal age (base), actually remains the youngest in terms of mat-
uration. Likewise, the youngest part in time (top and ex-
tremities of branches) may be the oldest in maturation.

Fig. 4 could depict a ten-year-old apple or citrus tree which
grows very vigorously, with fruiting only at the top and ex-
tremities of the branches. Or it could be a 25 year old pine or
spruce tree with cone production very high in the tops of the
tree. However, it could also be a tobacco plant of one year dura-
tion with lateral shoot buds at the lower nods and flower buds
only at the upper nodes. McDaniel and Hsu (17) found that, for
a given tobacco plant a certain number of nodes was required to
flower. If the nodes were removed as cuttings in consecutive
order from base to tip, the cuttings from the base produced new
vegetative shoots but the upper ones produced flowers. New
shoots required about the same number of nodes to flower as
did the original shoot at that node. It can be said that the indi-
vidual bud “remembered” its position and continued to express
the potential for that position even when separated from the
original seedling plant.

|.,""|\

[ ] Mature form

IIIiIIIIIIIIlI||'|I|

A

E Intermediate form
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l.lll
lll‘t

B Juvenile form

Figure 4. Variations in location of different maturation phases on a mature
seedling plant.
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Fig. 5 shows variations in three important characteristics:
rooting potential, flowering, and shoot vigor associated with
juvenility (Borchert, 17). The level of maturation is indicated in
the top of the graph by change in leaf characteristics as ‘‘mark-
ers’’. In this sense ‘‘age’’ (maturity) must be identified as
number of nodes or cell division.

For plants, such as many woody trees, e.g., conifers, etc.,
the rooting potential may drop sharply with maturation (A).
Other species and individual seedlings, however, may show the
pattern of A! which indicates that significant rooting potential
is retained in the adult phase, providing that appropriate prop-
agation procedures are followed. Most plants probably fall be-
tween these extremes. Ability to initiate flowers marks the ter-
mination of the juvenile state (B) but there may be plant species
or cultivars where the distinction can not be so sharply defined
(B'). Likewise more vigorous growth is associated with the
juvenile phase (C). In some plants the difference in growth
habit may be very striking — those propagated vegetatively
from the adult phase may be bushy and with much lateral
branching whereas those from juvenile tissue grow upright with
a central leader.
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Figure 5. Changes in potential for rooting, flowering and vigor, in relation to
maturation are measured here as node number, not as chronological

age. Leat morphology (top of graph) is used as a ““marker’ to indi-
cate phase change. Arrows indicate when significant changes had
occurred. (See text for further explanation).

Juvenility and evolution. If one considers that a distinct
juvenile period has value to a plant in nature, one can under-
stand why various juvenile characters exist. Consider the fol-
lowing examples:
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a. In the crowded forest environment, it is a distinct advan-
tage, if not a necessity, for a tree to have initially strong, up-
right, vigorous growth without flowering in order to compete
with its neighbors for light.

b. It is a distinct advantage to be able to regenerate or re-
sprout from near the base of the plant to permit survival after
fire or browsing animals.

c. It would be a distinct advantage to have thorns (apple,
pear, citrus), scale-like (junipers, etc.) or spiny (holly) leaves to
ward off browsing animals in the forest.

d. It would be a distinct advantage for a plant in the midst
of a dense jungle or forest, to be a vine, grow along the ground
until it reaches a stake or tree, grow upward, twine around the

support until it reaches the top where it reaches sun and air.
Note the Hedera helix (Fig. 6).

Numerous other examples could be cited but all underscore
the evolutionary advantage of juvenile characters in which the
plant not only has such morphological characteristics but also
has the flexibility to produce them when needed and shut them
off when not.

In the dogma of modern genetics, the basic control
mechanism of the cell resides in the DNA molecules of the
chromosomes. These molecules are the same for all cells in the
plant. However, the information utilized from such basic
molecules differs in different development stages and in ditfer-
ent organs of the same plant. At this time our understanding of
gene regulation in higher plants is very limited.
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Figure 6. Diagram of an ivy plant (Hedera) showing now phase change may
be correlated with growth habit.
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Figure 7. Growth cycle of a vegetatively propagated plant in the “‘adult”
phase. Many growing points remain vegetative (not juvenile) and
maintain the plant as a perennial. Others become reproductive, be-

come flowers, fruits, and then die.

The vegetative life cqcle. Consider now the vegetative —
reproductive life cycle of the plant shown in Fig. 7. Such a
plant may start as a bud or a cutting removed from any part of a
seedling plant as shown in Fig. 8. The plant could be grown on
its own roots, as in a cutting; or as a scion grafted to a rootstock
which, in turn, could either be a seedling or an own-rooted cut-
ting. Continued vegetative propagation produces a group of
plants referred to as a clone and which could become a named
cultivar. Since control of juvenility is in the growing point, the
new plant could start either as juvenile or adult depending on
source of the bud or tissue. Plants propagated vegetatively from
juvenile tissue show juvenile characteristics and buds and cut-
tings derived from mature plants retain those characteristics.

|PROPAGATION |

S\

Seed or Cutting
Gratt
Seedling Grafted Own-rooted
a Seedling RS
b Clonal RS
forest frurt ornamental
trees trees plants

Figure 8. Different forms of plants may be produced depending upon
whether they are propagated by seed or are vegetatively propa-
gated.
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The growth cycle of the vegetatively propagated adult
plant, therefore, is fundamentally difterent from the seedling
cycle (Fig. 9). Two phases are recognized — a vegetative phase
and a reproductive phase. In the vegetative phase, shoot tips
may resemble those in the juvenile phase (at least superficially)
but can now respond physiologically to flower-inducing
stimuli. A certain amount of elapsed time and a certain amount
of growth may be needed before flowering is initiated. Many of
the horticultural practices, such as chemical regulation, grafting
to dwarfing stocks, girdling, growth reduction, etc., are etfective
in inducing initiation of flowering. In contrast to their effect in
the juvenile phase, environmental and management conditions
that produce excessive vigor, such as high nitrogen, heavy
pruning, etc., may delay flowering and fruiting. These are the
opposite conditions that are effective in promoting the juvenile
phase to induce flowering.

Adult plant (clone) phases

Vegetative growth in size and A
length; no flowering

buibe

Reproductive flower induction;
flowering; fruiting

Figure 9. Phases of development of a vegetatively propagated clone in an
adult phase. The process of change may be referred to as ‘‘aging”’
rather than ‘“maturation’’, as shown in Fig. 2.

Probably most fruit tree growers have never seen a juvenile
fruit tree since all grafted cultivars are in the adult phase.
Whether or not vegetatively propagated nursery stock is
juvenile or mature would depend on what growth form was
selected in the initial development of that material.

Both the specific character associated with juvenility and
the cellular control mechanism that controls the timing appears
to be genetically controlled and inherited. Fruit tree cultivars
that bear precociously tend to produce seedling offspring with
short juvenile periods (Visser 17). Ease-of-rooting is inherited
and varies greatly within seedling populations and may not be
dependent on being in the juvenile phase.
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Melchoir (17) found that in seedling populations of
Chamaecyparis pisifera various foliage types associated with
the juvenile phase was inherited but the time when these leaf
characters changed was not necessarily related to the time of

tlowering. In some plants, the character and the timing may be
independent of each other; in others they may be associated.

JUVENILITY AND REGENERATION BY CUTTINGS

The fact that cuttings from juvenile plant material initiate
adventitious roots and shoots more readily than adult or mature
material is well known. Our concern is to utilize this principle
in propagating potential cultivars either as own-rooted plants or
as rootstocks, which as adult material are difficult to propagate
vegetatively.

1. Selection of juvenile material. Juvenile shoots may arise
from the base of mature plants, appearing as watersprouts, or

suckers from the roots or near the surface of the ground at the
root/stem junction. Such material has been rooted successfully

in such species as chestnuts (Vietez, 17), oaks (Morgan, 17),
eucalyptus (3), black walnuts (2), and pecans (8), among others.
However, if this procedure is to be of practical value, one must
be able to continue to produce such juvenile material of
selected clones in quantity sufficient to meet commercial needs.
This means some method of maintenance in a stock block or
some other procedure must be used to preserve the necessary
rooting potential.

2. Hedging and heavy pruning of stock plants. This proce-
dure would appear to be an essential part of a program depen-
dent on utilizing juvenile material. Otherwise the natural tend-
ency toward maturation may result in the loss of rooting poten-
tial. Whether or not heavy pruning and hedging involves re-
juvenation to the juvenile phase or simply the stimulation of
vegetative shoots to a condition more favorable to rooting, is

difficult to answer. Stool beds have been cited as an example of
induced juvenility, although the rejuvenating influence of this

treatment may vary with the cultivar. What is essential is that
the rooting potential be stabilized at a required level.

Hedging for propagation materials has important uses in
forestry, as in Monterey pine (Libby 17) and other forest trees.
Work with olive provides another example (12), where better
rooting potential comes from basal shoots on stock plants.

The program for fruit tree rootstock development and as-
sociated propagation systems at the East Malling Research Sta-
tion, England provides another example where hedging plays a
key .role (personal communication). New potential rootstocks
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originate as seedling plants, grow first in the greenhouse and
then are transplanted to the nursery six inches apart where they

remain for two years. (Note that close spacing and attending
slow growth tend to retain the juvenile phase). After prelimi-
nary screening, seedling selections are transplanted to a hedge
row, planted 1 to 1 1/2 feet apart, and cut to a height of 1 1/2 to
2 feet. Propagation tests for ease of rooting are then made on
this material and, within the group of plants selected for propa-
gation potential, rootstock tests are conducted. Again, it may be
an academic question whether this process involves selection of

individual easy-to-root clones completely independent of the
juvenile phase, or whether the process involves a stabilization

of juvenile phase. Nevertheless, the point is that the selection
for ease of propagation precedes selection for horticultural
characteristics.

3. Reversion or reinduction of the juvenile phase from
adult material.

a. Initiation of adventitious shoots on roots or sphaeoblasts.
Shoots arising adventitiously on roots or stems (sphaeroblasts)
are characteristically juvenile in appearance and can often be
rooted easily. Schwabe (17) reported that he and students had
developed roots on a few cuttings of hard-to-root, adult ‘Lord
Lamborne’ apple; these produced a continuous supply ot adven-
titious shoots which could then be detached and rooted. Al-
though such plants were juvenile in appearance and rooted
readily, they flowered within 2 years and would respond
readily to flower-inducing treatments. The possibility that one
can separate the genetic control of flowering and rooting in the
same clone, as these results suggest, offers exciting possibilities
for future work.

b. Reversion through applied chemicals. The fact that
biochemical differences can be measured between juvenile and
adult material has been shown by numerous investigators. For
instance, the existence of rooting co-factors in conjunction with
auxin has been demonstrated on juvenile material (Heuser, 17).
Gibberellins and perhaps other growth promoting substances, as
auxins, have been associated with juvenile growth whereas
growth inhibiting substances, as abscisic acid, and other natu-
rally occurring inhibitors have been associated with the adult
phase. In such cases, it is not certain whether their presence are

causes or effects.

Nevertheless, it has been possible to rejuvenate adult ivy
(Hedera) with gibberellic acid (Hackett, 17). Furthermore, this
reversion can be prevented by abscisic acid. GA applied to pear,

citrus, acacia and some Prunus species can produce thorny,
vigorous juvenile-like growth but it is uncertain if actual rever-
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sion occurred because no repropagation tests were made. On
the other hand, early flowering has been induced in mango by
ethephon, an effect that was reversed by GA (Chacko, 17). To
further confuse the issue, applications of GA to many conifer
species will produce cones (temale flowers). This latter dis-
covery appears to have significant application to seed produc-
tion practices in forest trees (Pharis, et al. 17).

One of the potentially significant developments reported at
Beltsville, (Wardell, 17) and since published (15) involved ex-
periments in which extracts shown to contain DNA from the
tflowering adult phase of a tobacco plant were injected into
another tobacco plant and produced flowering. Extracts of a
plant in the juvenile phase failed to do so. One of the essential
aspects of the experiment was that foliage of the juvenile por-
tion had to be removed betore the extract would be effective.
The implications of these findings are that the control of the
maturation phases may indeed be located in chromosomes at
the informational sites of the DNA molecules, and procedures
could be developed to program or deprogram plants to what-
ever phase one wanted. Further the foliage is shown to have a
controlling influence and the relative amounts of each may
have to be evaluated. Future experiments will determine the va-
lidity of these implications.

c. Grafting effects. A third way by which reversion has
been produced is by grafting. However, results have been so
conflicting with different plants that at present it is impossible
to establish definite principles. Grafting scions of seedling
plants to dwarfing precocious rootstocks can sometimes stimu-
late flower induction but the scions must have reached a par-
ticular stage of maturation before this happens. There is a pos-
sibility, however, that the juvenile foliage has an inhibiting ef-
fect on flowering and must be removed.

On the other hand, these are indications that reversion ot
mature scions is possible. For example, grafting adult ivy scions
to juvenile stocks has produced reversion in new shoots (Hac-
kett, 17), providing the temperature was sufficiently high.
Seedling rootstocks often invigorate scion cultivars grafted to
them whereas clonal rootstocks may be dwarfing and induce
precocity. Monselise has shown with nucellar seedling material
in citrus that this invigorating effect can be attributed to a
juvenility influence (10). More directly applicable to prop-
agators is the situation in rubber (Hevea brasiliensis); rooting of
mature clones has been enhanced by grafting to juvenile plants
(11). Success of developing easy-to-root clones of eucalyptus
and limbe has recently been reported by grafting of mature

shoots to juvenile seedling stocks (7).

82



4. Tissue culture, micropropagation and juvenility. Many
species of herbaceous plants are now being propagated success-
fully by tissue culture and shoot-tip culture. Successtul propa-
gation of woody species in vitro is more difficult and has been
achieved in relatively few species, such as, easy-to-root clones
of aspen (14). Selecting juvenile tissue may be important, if not
essential for success of this material.

The two methods — tissue culture and shoot tip culture —
are fundamentally different in that in tissue cultures completely
new adventitious shoots, roots, or small embryos (embryoids)
are produced from callus. In micropropagation with shoot tips,
growth takes place from meristems and axillary buds which are
already present, although sometimes adventitious shoots may
also arise in the process. Thus, these shoot tips can retain either
the juvenile or adult phase depending upon the source of
explant. On the other hand, the possibility exists that the ad-
ventitious shoots and embryos regenerated through tissue cul-
ture may be juvenile. Whether or not such juvenile material
would be horticulturally useful would depend on the needs of
the propagator and the use of the plants.

Explants of juvenile tissue (embryos, seeds, nucellus) have
been used to achieve regeneration of shoots in tissue cultures in
almond (9), apple (1), and Acacia koa (13). Abbott and
Whiteley cultured juvenile shoot tips of germinating apple
seedlings and produced basal callus and both axillary and ad-
ventitious meristems. Shoot tips from greenhouse-grown adult

apple cultivars, on the other hand, produced basal callus and
only axillary meristems; the number of shoots was less than

from juvenile material. Success with non-juvenile material may
require the addition to the medium of certain naturally occur-
ring materials, such as phloridzin, or related compounds, as
phloroglucinol, as reported by Jones (5) for apple shoot tips. In
all cases, the process of propagation is a 2-stage affair, first, the
shoots are initiated (whether axillary or adventitious) and sec-
ondly, these are removed and rooted.

The juvenile and adult phases apparently are present in
certain tissue cultures, as ivy (Hackett, 17). This is significant
for basic studies. The possibility of controlled modifications of
phases in vitro is suggested in a report of propagation of certain
early flowering birch seedling by tissue culture {(Hubtinen, 17).
Seedlings produced by breeding several generations of early
flowering birch plants were apparently so precocious and adult
that all buds became flowering and none remained vegetative to
maintain the normally perennial nature of the plant; vegetative
propagation was impossible. However, tissue cultures regener-
ated plantlets readily. However, when grown to flowering, the
regenerated plants had apparently re-established the perennial
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habit. The ability to produce vegetative shoots was regained
and the excessive flowering tendency was reduced. This
suggests that the juvenile — adult changes may be reversible
under particular conditions of tissue culture.

10.

11.

12.

13.

14.

15.

16.

17.
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EUCALYPTUS PRODUCTION TECHNIQUES
BARRIE COATE

Barrie’s Trees and Shrubs, Inc.
2800 Pleasant Valley Road, Aptos, California 95003

Procedures which we use to produce what we feel are some

of the highest quality eucalyptus trees grown in containers are
as follows:

The first step is to obtain the highest possible quality fresh

seed, wherever possible from isolated seed trees of superior
characteristics for a given species.

The second step is to plant the seeds in rows 1" apart in
screen-bottomed seed flats filled with a mixture of 30% coarse
peat moss and 70% coarse perlite — from mid-February through
June. After the seed is sown, it is covered with fine screened
sand to provide a dry, open medium around the germinating
seeds. Germinating requires one to two weeks.

These screen-bottomed flats provide a labor-free root prun-
ing when the root-tip gets to the open air, thus encouraging
many lateral roots, which dé not require much root pruning
during transplanting to liners.

They are standard 18” x 18” X 2" wood flats with no bot-
tom boards. We attach %" galvanized hardware cloth to them to

form a bottom, with 1”7 x 1" pieces along two sides to hold the
flat off the bench.

Since such a branched root system exists at this point there
is little transplant shock and no root binding as they go into 2%s
X 3%" Fertil-Pots, 3 to 4 weeks later.

The peat moss-wood fibre Fertil-Pots allow a narrow, deep
root system consistent with the needs of most tree species at
this stage.

The next transplanting into 1 gallon containers is done 3 to
4 weeks later, as soon as a thorough root system shows through
the side of the pots. The plants would be from one to two
inches tall at that time.

Our next step is into 5 gallon containers in another 4 to 12
weeks, depending on our needs. These 5 gallons, which were
seeded in February or March will be saleable, 6 foot trees, with
a solid root system and %s"-34" caliper by October or November.

We find the best response, in every stage, from transplant-
ing plants which have vigorous, young, actively growing root
systems. We cull out the genetically inferior individuals vigor-
ously at every stage. We feel this results in economy in not try-
ing to maintain plants which will not be of top quality later on.
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FERN PROPAGATION
HILDEGARD SANDER

Route 2, Box 425
La Honda, California 94020

Although it seems easier to understand the life cycle of a
flowering plant, it is most fascinating to observe, to learn, and
to understand the life cycle of a fern. If T plant 10,000 seeds I
can expect 7 to 9 thousand seedlings. If [ plant the same
number of spores I will feel quite happy to count later 2 to 3
thousand sporophytes.

What is the difference between a spore and a seed” A seed
is an embryo (a fertilized egg) surrounded by nutritious tissue
which will feed the embryo, and a capsule to protect the em-
bryo. A spore is an asexual cell, untertilized (no embryo) and
containing no nutritious tissue. A seed grows immediately into
a plant under the right circumstances. A spore, being asexual,
will have to be placed under very exact conditions to develop
first into a “stage in between”, called the prothallium. Proper
conditions are: the right amount:of water, light, and a certain
temperature. Without these three elements spores may remain
dormant but keeping their capacity for germination for many
years.

My way of sowing spores is to use a combination of many
ideas from other propagators but, more important, [ have
learned the proper techniques through mistakes, often not well
understood.

Because I am growing ferns for commercial reasons I am
using, as a medium, a combination of peat, vermiculite, and
sand: 2/1/1, with a pH of 5.8 to 6.0.The medium is steamed for
30 min. at 140°F. No fertilizer is used. As a container I am
using a plastic tray in which I place an inch of the soil mixture.
I mist it quite heavily with distilled water. Then I plant the
spores as evenly as possible. Sporing too lightly could mean
that later the individual prothallia (intermediate stage) are so
far apart that no fertilization can take place; too heavy sporing
means that the prothallia will be too crowded and various fungi
will have a better chance to develop faster than the spores.
Then I cover the tray with glass and keep it a temperature of
60° to 65°F under no more light than 500 foot-candles. In 6 to
40 days after sporing, depending on the type of fern, the soil
surface becomes greenish. Pteris tremula starts in 4 days,
Adiantum cuneatum in 10 days, while Asplenium nidus starts

in 40 to 50 days.
Three to six months later I begin transplanting using the
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same soil mixture with no fertilizer and no fungus preventa-
tives, since I will be adding liquid fertilizer every two weeks.
During the next three to six months the prothallia proeduce in-
dividual, but still clustered, sporophytes which I then trans-
plant into the 96 cell units in which the ferns are sold.

My technique is to treat the prothallia as little as possible. I
am not using any disease preventatives, except that the plastic
trays are dipped into 5% Clorox solution in order to be able to
use them again.

The biggest production problem is the small white larvae of
the fungus gnat. My spore area is relatively small, away from
the nursery and other plants, and still quantities of fungus
gnats seem to appear overnight. In the spore container I am
using lindane powder, Y. teaspooon per gallon of water, and
treat only the infected area. Later in the saleable containers I
use Diazinon wettable powder at only %2 the recommended
strength. I found out that it is best always to use only half of
any recommended concentrations in propagating ferns.

A major problem I have to fight is botrytis — the grey
mold. Green or black algae are additional problems. Both seem
to grow best under similar circumstances: a combination of too
high a temperature and too high humidity. In both cases the
same treatment works best for me, a mixture of ¥ teaspoon
BanRot and % teaspoon of Konsan to 1 gallon of water.

CONTAINER-GROWN RHODODENDRONS
ROBERT M. BODDY

Descanso Nurseries
Fort Bragg, California 95437

Container growing of rhododendrons on the northern
California coast is nearly identical to conventional California
nursery operations in southern and northern California interior
valleys. At Fort Bragg, however, we have very cool summers,
and therein lies the key element of our effort to produce a
commercial crop of container-grown rhododendrons.

In addition to cool summers, winters are relatively mild.
Minimum temperatures drop to about 22°F., and we have occa-

sional snow flurries, but neither the cold nor the snow is really
severe or long lasting. Thus we do not have the problems of
Eastern growers of container plants in having to provide winter
protection. And the cool summers are certainly an advantage,
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almost to the point of being an absolute requirement. We have
attempted to grow container rhododendrons in southern
California, but experienced nothing but trouble from the warm
sun burning the foliage, to extensive infections of root fungus
diseases caused by excessively warm soil in the containers.

We are also fortunate in having good quality, low pH water
for irrigation. So, at Fort Bragg we have many natural benefits
and attempt to take advantage of them to the best of our ability.
The ditficulties we experience are generally created by errors
we have made.

Sizes and grading. We produce approximately 30,000
rhododendrons per years. This classifies us as a small grower.
Our market is exclusively California. Sizes of plants we offer
are in 1, 2, 5, and 12 gallon containers. Over half of the plants
we grow are sold in the one gallon size, the balance about
equally divided among the other three sizes.

We do not grade our plants by inches of head size or by
vertical height. This may cause confusion to those familiar with
measurement by inches, but in that our customers have been
trained for decades by some of the largest nurseries to buy by
container sizes, we do not have a problem of identification.

Cultivar list. We do not offer all of the cultivars we grow,
approximately 40, in all sizes of containers. Some plants are
sold exclusively in one gallons, the others in larger sizes. The
reason for this is that not all cultivars develop equally well for
us. Initially, our plan was to offer a large selection of flower-
budded two gallon plants. We tried for years with selections
ranging up to 20 cultivars. Today, we are only confident of
perhaps three cultivars, and offer up to seven. Twelve gallon
containers present a similar problem. In years past, we simply
shifted up unsold plants. We eventually recognized that a
specimen plant, or twelve gallon, had to have a special look.
And this was not obtained simply by grooming. The plant had
to grow a certain way, bloom at a certain time, and be attractive
the year round with outstanding, heavy foliage. Our list of five
gallons, which we are constantly changing, is comprised ot
those plants that perform best for us in five gallon containers.

We would like to offer everything on everyone’s list includ-
ing all of the show winners, but we are simply not able to bring

this about. The two gallon plants we grow must flower bud
within three years, the five gallons within four years. And there

is also a ratio of colors we attempt to maintain: more reds than
pinks, and fewer whites than lavenders, blues, purples, and yel-
lows. Blooming dates are important, too, in selecting cultivars
for growing. It is better to have most of our list bloom “in sea-
son’’ than very early or very late. So getting all of the require-
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ments under control and managed is a very important part of
our growing procedure.

Growing areas. We grow our plants under lath and in the
open. All of our growing areas are covered with several inches
of 3/4” gravel. Irrigation is overhead, though we are gradually
installing an emitter irrigation system which is more satistac-
tory. Our outdoor beds measure 100’ by 12’, and will hold 400
five-gallon size plants or 896 two-gallons. Sprinklers are Rain-
bird #20’s: five heads will water two beds. Our four lathhouses
measure 96’ by 144’ each, and will hold 30,000 one gallons.
Rainjet heads are are used for overhead watering. A Smith in-
jector 1:200 is installed in our irrigation system, and used for
both liquid feeding and pest control work. A smaller 1:100 por-
table Smith injector is used for spot pest control work.

Canning. Potting and canning are done by hand, using no
canning machines. We use tractors, trailers, and carts to haul
plants, but with our present limited production we have not
developed a system to handle more than 500 five-gallon plants
per day.

Soil mixing. Soil mixing is accomplished on an asphalt
slab using a rototiller for mixing and blending, and a front
loader tractor for piling and moving the ingredients. Our stan-
dard batch of mix contains 8 cu. yd. This will last us for about
one week, and works out well because this is about the time
limit we can store the blend without it getting too warm.

After many experiments with materials we decided on a
blend of fir bark, peat moss, and perlite. We do change propor-
tions of these materials from time to time as our fir bark
supplier continually changes the specifications of the grade of
material he delivers. Fir bark in our area is a by-product and
availability depends on either the number of housing starts or
the demand for redwood lumber. Materials we have used in the
past and which proved disastrous include redwood shavings,
sand, bark treated with ammonia, and raw redwood sawdust.

Materials we add to the 8 cu. yd. mix include single super-
phosphate, dolomite lime, calcium carbonate, gypsum, potas-
sium nitrate, I.B.D.U., packaged trace elements, G.U. 49, and
calcium nitrate. Changes in the quantities of materials are made
from time to time as recommended by a soil testing laboratory.
This basic mix and additives are used for all of the material we
grow: pieris, mahonias, nandinas, ferns and lithospermum.

Pest Control. Pest control work is primarily preventative.
For sucking insects, we inject Cygon 1nto our irrigation system
and overhead all of the plants. For weevil control, we inject
Lindane into our system and overhead the plants. Slugs and
snails are controlled by applying metaldehyde crystals with a

89



broadcast spreader. We hand spray with a pressure rig for fun-
gus control using various materials: Captan, Daconil 2787,
Dithane Z 78, and Benlate. Recently we have commenced using
a new material — Dipel — for control of caterpillars and
worms. For serious root fungus diseases, we drench with liquid
Truban applied through a Smith injector 1:100.

Diseases. Root fungus is one of our more serious problems.
For years we were plagued with phytophthora, and could not
get rid of it in spite of major efforts with currently available
fungicides. We reduced the problem when we changed our soil
mix and substituted fibre pots {Western) for the thick walled
black molded plastic containers we were using. The combina-
tion of poor aeration and overheating of soil in the container
had been a major contributing factor to the fungus diseases.

We continue occasionally to have a serious phytophthora
infection of either our plants’ roots or stems and foliage. The in-
fection develops rapidly over a great number of plants, and
after several such experiences, we now review our nursery ac-
tivities for the past year, and can determine a time at which we
may have injured the roots of the plants. We believe this is the
basic cause of nearly all of the root infection and stem infection
problems we have.

Injury to roots is most generally caused by the application
of too strong a fertilizer or too much fertilizer. Not always will
the foliage or tips of the leaves burn. Sometimes the effect is
more subtle. Foliage will slightly curl or leaves droop almost
unnoticeably.

We have also damaged roots by the application of “safe”
herbicides. While the rhododendrons in the containers survived
the application, the opportunity for root infection was wide
open, and more often than not during the first warm days of
summer we would notice the first signs of phytophthora. At
this time, we are most reluctant to apply any type of herbicide
to a container-grown rhododendron.

Chemical damage to the root system of container-grown
rhododendrons in a soilless medium is a very easy thing. Once
accomplished, there is really no recovery of the plant. It should
be discarded. Container plants are completely untorgiving. With
field-grown stock it is another story. We maintain a stock block
of over 1500 field-grown plants of various ages. At no time
have we ever damaged field plants with identical applications
which eliminated container plants.

We feel that with proper containers placed on a well
drained gravel bed, a proper growing medium, and the
avoidance of damaging roots with fertilizer or herbicides, one
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can just about overcome fungus problems without the aid of
expensive chemicals.

Propagation. We root our cuttings in a conventional
greenhouse with bottom heat. Cuttings are placed in deep beds
of a mix of perlite and peat moss. Overhead mist is provided.
At Fort Bragg, the mist is not a critical factor.

The most critical factor for us is the condition of the wood
selected for propagation. Initially, we were forced to take wood
from our container-grown plants. This was always an uncertain
effort because sometimes the plants we cut from were sched-
uled for sale, and we did not want to mar the appearance of the
plant. Also, the container stock was sometimes overfed or un-
derwatered, and always the condition of the wood was irregu-
lar.

In time, we developed a field-grown block of stock plants.
Cutting wood from established field-grown plants is superior
for our use to wood taken from our container-grown stock.
Some cultivars we had considered discontinuing because of
propagation difficulties, reversed themselves and became rela-
tively easy to propagate after we commenced using wood from
field-grown stock.

Management of the stock block is still new to us. We do
not know to what extent we can cut our plants, but we are cer-
tain that a major management effort is required.

Fertilization. Our fertilization program combines liquid

feeding both overhead and by hand, and dry application by
hand.

At the time of canning we apply Osmocote (9 month for-
mula) as a top dressing, and water in. In the case of our gallon
cans, we then allow plants to grow approximately 3 months
after canning, and then begin an overhead liquid feeding pro-
gram based on the plants’ needs as determined by soil tests.
Feeding is every week. |

Our containers, two gallons and larger, in the open, are fed
dry by hand. This too commences approximately 90 days after
initial canning and, generally, application is made about every
six weeks. This program has been subject to many changes but
the philosophy of a dry application by hand on our larger
plants is our guide.

We have, on occasion, overfed our plants to the extent that
the initial flush of new growth in the spring was very lush.
There was no fertilizer damage to roots or foliage but we feel
that the combination of very heavy, soft growth, and overhead
watering was responsible for inducing stem and foliage infec-
tions which ultimately led to the death of entire limbs and
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sometimes entire plants. We have also slightly damaged the
surface roots with fertilizer and, subsequently, the damaged
plants were attacked by root fungi. The same has happened
when we have applied herbicides. This appears to point out
that it is essential to protect the surface roots of rhododendrons.
We have discovered no safe herbicide, and all fertilizers will
burn if not used with utmost caution.

Grooming. Shaping of container plants is a chore we have
to perform with diligence each spring. Actually, we continue to
shape up through early July. After this time, we allow any
started growth to continue undisturbed because there is not suf-
ficient growing time left for new growth to develop completely.

The first shaping is done when we place 4" pots into gallon
containers. We pinch out all growth buds on all plant tips.
After the plants are canned and growing we continue to inspect
them and pinch back all plants that have not developed at least
four shoots.

One gallon plants shifted into two gallons are disbudded at
the time of canning and again we continue to groom the plants
after canning, shaping them to be tight and heavy. All of our
canning is done when the plants are dormant. We generally do
not continue to grow plants that do not respond to shaping or
do not flower bud after pinching.

As mentioned earlier, some cultivars are best suited for
five-gallon sizes. These we produce by shifting a one-gallon
plant up to a 5-gallon size and allowing it to grow on for nearly
two additional years. We give these the same attention as the
gallons and twos the first year, but the second year we may
allow them to make a natural growth without too much addi-

tional pinching, though we may have to prune suckers or wild
shoots.

On some cultivars, as Anton Van Welie, Pink Pearl and
others, we completely remove all of the soft first flush of
growth and then allow a second flush to develop naturally.
This will be a much more compact flush with lighter weight
wood but substantial enough to provide a good base for the fol-
lowing year’s growth. We learned to do this after years of hav-
ing the strong north winds of spring knock the elongated shoots
from the plants and then having the plants develop into more
attractive specimens later in the summer. Sometimes frosts
damage the early flush of growth; we then remove all shoots,
damaged or not, from the affected plants.

Irrigation. While we water most of our plants overhead by
means of impact sprinklers, we believe that an emitter system
of irrigation is a better procedure. We have experimented suffi-
ciently to recognize that this is possible, and have discovered
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excellent types of valves and emitters that will develop a very
efticient system.

Our conversion has been slow because of decisions we had
to make regarding spacing, sizes of containers, and the type ot

bed we were to grow the plants on. But within this next year,
we plan to install a complete system for a block of two-gallon

containers using the Stuppy Turret Head emitters, electric
valves with built-in batteries, and a water recovery system for
irrigation of our block of stock plants.

Sales. Acceptance of container-grown rhododendrons has
always been excellent. Buyers want to buy container-grown
stock in ever increasing quantities. Growers, eager to make
plants available, should be very careful not to obligate them-
selves beyond what is possible. Not all rhododendrons perform

well in containers. Plants grown in areas other than Fort Bragg
will not respond as ours do here. But one truth is probably uni-

versal for all container rhododendrons everywhere and that is, a
good root system must be established and not allowed to be

damaged, before any type of a plant can be grown or success
assured.

BOB TICKNOR: Now, let’s have some questions for our
panelists.

VOICE: Barrie Coate, when you collect eucalyptus seeds,
what tips can you give us in getting the seed out of the pods?

BARRIE COATE: We collect the seed virtually anytime but
we sow them in the spring. We extract the seed from the seed
pods immediately after we collect and dry the seed pods. All
we do is put them in envelopes in a warm place — not in the
direct sun, but in a warm place, and the seed pods gradually
open. In a week or thereabouts vigorously shake the container,
the envelope, and you are left with an envelope full of seeds.
We found that it does not pay to keep the seed pods and go
over them again and again and try to get every last bit of seed.
We found that the first seeds to come out are the best; when
you get them out, throw the seed pods away.

BILL BARR: I might say to Hildegarde that it probably was
slime mold on the seed flat or spore flats of her ferns. Increas-
ing light probably would reduce it. I would like to ask here
what rate of Konsan and Ban-Rot she uses to control fungus in«
fern spore flats?

HILDEGARDE SANDERS: One-fourth teaspoon of Ban-Rot
and 2 teaspoon of Konsan per gallon.

VOICE: Is there any information about the possibility of an
isolated juvenile hormone that could control juvenility?

DALE KESTER: Basically the answer is no, but we can
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make a comment. Certain chemicals — hormones — have been
associated with juvenility and certainly the main one is gib-
berellic acid. Ivy reversion from the adult to the juvenile form
can be produced experimentally by gibberellic acid. There was
a paper at the juvenility conference in Beltsville of an extract of
tobacco — DNA from the tlowering phase — which they in-
jected into juvenile plants and produced flowering. But they
also had to be sure that the leaves were removed from the
juvenile part. This is an example of the kind of thing that we
may be talking about in the future. We may have to go back to
basic parts of the cell, the DNA and RNA. The implication is
that you could program plants to behave in a directed manner. -
Whether or not this is going to happen in the future is really
hard to say.

BRUCE BRIGGS: Can you accept the statement that the root
system is always juvenile?

DALE KESTER: It’s a question of definition, perhaps. It is
certainly true that one of the ways to produce a reversion is to
propagate by root cuttings. The adventitious shoots that come
out of the roots are juvenile in appearance and I think we can
say they are juvenile. There was a very interesting report by
Professor Schwabe in Wye College in England. He took an adult
apple cultivar which was very difficult to root and managed to
get some roots on stems; from those roots he did stimulate ad-
ventitious shoots, which were juvenile. The interesting thing
was that the shoots were juvenile as for rooting and could be
rooted as cuttings. You would assume then that if they were
juvenile they would be slow to flower. But he found that they
were flowering in two years, which is rapid. Perhaps they were
juvenile for rooting but not juvenile for other factors, as flower-
ing.

BILL LIBBY: Question for Barrie Coate. Do you use the
same medium in the seed flats, peat pots and the gallon cans?

BARRIE COATE: No, we use a sterile inert mix of peat
moss and Sponge Rok in both cutting flats and seed flats in the
nursery. In the liner pot mix, we use a mix that we are buying
already made which has fertilizers in it and contains volcanic
rock, Sponge Rok, fir bark, peat moss, and sand. In the gallon
and 5-gallon soil mix we have a much less sophisticated
medium: mushroom compost, sawdust, and sand. It has the
same basic fertilizer combination that Soil & Plant Lab recom-
mends for most things. In addition, we use a small amount of
Osmocote, 18-6-12, directly under the plant when we plant it.
We use half a teaspoon in a gallon and about a teaspoon in
fives. That is, directly under the root system. In addition to that
we have liquid fertilizer in the irrigation injector.
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BILL LIBBY: Do you find mycorrhiza on the eucalyptus?

BARRIE COATE: I wish I knew the answer. It is a field that
has been neglected. I think it is important, perhaps more for
some species than others. I do believe eucalyptus is one of the
genera that would respond better it we had the right mycor-
rhiza provided for them. I don’t have the feeling that we are

doing that. We hope the mushroom compost is providing a few
of the things of that nature but, frankly, I can’t give you any
scientific answers.

BILL LIBBY: How are you doing on rooting eucalyptus?

BARRIE COATE: Zero. I have tried it, I have tried grafting,
various kinds, and frankly we are not large enough to provide
research of that depth. I wish we could. There is a wide open
market for cutting-grown Eucalyptus ficifolia, for example, The
closest we can come is being very careful about our seed
source.

ROOT PROMOTION ON STEM CUTTINGS OF

SEVERAL ORNAMENTAL PLANT SPECIES
BY ACID OR BASE PRETREATMENT

C.I. LEE, J.L. PAUL and W.P. HACKETT

Department of Environmental Horticulture
University of California
Davis, California 95616

Abstract. Rooting of stem cuttings of Bouganvillea, Ceratonia siliqua,
Chrysanthemum morifolium, Euonymus japonica, Euphorbia pulcherrima,
Hedera helix, Trachelospermum jasminoides, sp., Juglans hindsii, Pistacia
chinensis and Salix. laevigata is greatly promoted by dipping in H,SO, prior
to applying indolebutyric acid. On the other hand, NaOH treatment results in
considerable increase of rooting of cuttings of azalea, Bougainvillea sp., Lig-
uidambar styraciflua, Osmanthus heterophyllus and Pinus radiata.

Auxin has varying degrees of effectiveness in promoting
adventitious root formation in stem cuttings of many plant
species. It has been suggested that auxin in the promotion of
growth of Avena coleoptile is via induction of hydrogen ion
secretion and cell wall acidification (2, 4). Acidification of the
cell wall enhances its extensibility either by cell wall-loosening
enzymes (3) or by breaking acid-labile links non-enzymatically
(4). Media of low pH also show effects similar to that of auxin
on the growth of Avena coleoptile (1). If at least part of the ef-
fect of auxin is cell wall loosening due to enhanced acidity,
then pretreatment of cuttings in acid may further stimulate root-
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ing ability. The purpose of this study was to determine the in-
fluence of acid or base pretreatment of stem cuttings upon the

rooting ability of several ornamental plants.

Sulfuric acid and sodium hydroxide were used as acid and
base respectively. For determination of optimum concn of

H,SO,, a preliminary experiment was conducted with the cut-
tings of Phaseolus aureus, Chrysanthemum ‘Golden Anne’ and

Salix laevigata. Treatment with 2N H,SO, for 15 sec dipping
without IBA treatment was found to be most promotive in the
rooting of all three plants and Fig. 1 shows the rooting response

of chrysanthemum cuttings as a function ot dipping time in 2N
H,SO,. Similarly, NaOH solution of pH 10.5 for 10 min soaking
gave the best result in the rooting of Bougainvillea ‘San Diego
Red’. Therefore, the concn of acid or base mentioned above was
used in this study, although optimum dosage was not deter-
mined in other plant species.

19

H.
17 _

- === Lenglh

15

No rootcutting
w

Figure 1. Rooting of Chrysanthemum ‘Golden Anne’ cuttings dipped in 2N
H,SO, as a function of time.

Thirty cuttings of each plant species listed in Table 1 and 2
were treated with the acid or base, washed with distilled water
and then dipped in a 3000 ppm aqueous solution of the K-salt
of indolebutyric acid (K-IBA) for 10 sec for herbaceous cuttings
and 20 sec for hardwood cuttings. Thirty cuttings treated with
K-IBA alone served as controls. Cuttings of azalea, Bougainvil-
lea, Euphorbia, Liquidambar, Osmanthus and Pinus were
placed in acid rooting medium (unlimed sphagnum peat + per-
lite 1:1 v/v) and cuttings of other species were placed in neutral
medium (perlite + vermiculite 1:1 v/v). Previous work indicated
that these species root best in these rooting media. All cuttings
were rooted under intermittent mist with a 16 hr photoperiod.
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Table 1. Promotion of rooting in certain ornamental plants by acid pretreat-

ment.
Treatment
IBA H,50, + IBA
No. days
to Percent Percent
Species harvest rooting No.”  Length® rooting No. Length
Bougainvillea R 28 - 100 hHL'l + 2.8% - 100 27.1 * 4.4
‘San Diego Red'
Ceratonia siligua 28 93 139>+ 25 2.5 %02 100 18k =31 3.5 = 0.2
(Jan.) ™
Ceratonia siliqua 28 20 2.0 =% 1.0 S92 1.7 75 4.7 * 0i9 3.8 = 0.7
{]unfrlW
Chrysanthemum 12 100 B2 42 16 204 100 105.5 = 3.2 1.8 =0.]
‘Golden Anne’
Chrysanthemum 12 100 62.9 + 3.5 - 100 77:3 % 3.4 -
‘Mandalay'
FEuonymus japonica 47 85 1.7 %= 26 6 x02 100 272 £ 27 2.3 %02
‘Yellow Edge’
Fuphorbia 21 100 29.5 x 26 1.8 = 0.1 100 39,0 = 1.3 2.1 = 0,2
pulcherrima
‘Eckspoint C-1 Red’
Hedera helix (adult) 25 100 1683 =214 0.9 =01 100 26.8 + 2.8 14 %= 0.
Trachelospermum 42 53 280 &= 7.2 - 87 29.0 + 6.6
jasminoides
Juglans hindsii 38 80 4.4 +0.8 4.7 *0.8 100 7.9 =192 2.3 = 7.0
Pistacia chinensis 42 28 3.7 = 0.6 - 70 32 = 04
Salix laevigata 7 95 209 = 2.4 34 * 0.4 100 26.7 = 2.9 3.9 + 0.3

“No. of roots/rooted cutting.
Y Ave. root length (cm).
X Mean and standard error of the mean.

" Jan. and June indicates month when cuttings were taken.

Table 2. Promotion of rooting in certain ornamental plants by base pretreat-

ment.
Treatment
IBA NaOH = IBA
No. days
Species to Percent Percent
harvest rooting No.? rooting No.
Azalea ‘Sweetheart
Supreme’ 42 90 9.6 + 1.7 90 20.8 = 3.2
Bougainvillea 28 100 19,1 = 2.8 100 33.1 235
‘San Diego Red’
Liquidambar 42 100 34.7 + 1.5 100  42.6 = 2.0
styraciflua
Osmanthus 33 75 5.4 x 1.0 100 8.6 = 0.6
heterophyllus
Pinus radiata 90 60 4.0 + 0.5 93 3.9 = 0.3

“No. of roots/rooted cutting
v Mean and standard error of the mean.
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Acid or base pretreatment significantly influenced the root-
ing ability of cuttings studied (Table 1 and 2). Stem cuttings ot
Bougainvillea, Ceratonia, Chrysanthemum, Euonymus, Euphor-
bia, Hedera (adult form), Juglans (cuttings from adventitious
shoots of 5-yr-old tree) and Salix (softwood) had a significantly
greater number of roots as a result of acid pretreatment. On the
other hand, base pretreatment significantly increased the
number of roots in cuttings of azalea (taken in Jan.), Lig-
uidambar (semi-hardwood) and Osmanthus (semi-hardwood).
Rooting of Bougainvillea was enhanced by both acid and base
pretreatment. Rooting percentages of relatively ditficult-to-root
cuttings such as Ceratonia (taken in June), Trachelospermum
(hardwood), Osmanthus, Pistacia (semi-hardwood cuttings from
2-yr-old seedlings), and Pinus (taken in Jan.) were increased by
the pretreatment. Also, cuttings treated wth H,SO, produced
longer roots in Ceratonia (taken in Jan.), Euonymus, Euphorbia,
and Juglans. The pretreatment, however, depressed rooting of
Cotoneaster sp. and Xylosma congestum (data not shown). Con-
centrations of acid or base and time of pretreatment may result
in toxic effects for these plants. Generally, acid pretreatment
promoted rooting ot plants native to near neutral or alkaline
soil and base pretreated cuttings increased rooting ability of
those native to acid soil.

Cuttings of azalea treated with base remained turgid and
leaves did not show any visual water stress during the rooting
period, whereas the control showed some wilting under the en-
vironmental conditions described (Fig. 2). Similar results were
also observed in the cuttings of Chrysanthemum dipped in

acid. The pretreatment also reduced loss of foliage of woody
species in which root initiation takes more than 6 weeks.

Figure 2. Azalea ‘Sweetheart Supreme’ cuttings treated with NaOH (right)
showing turgid leaves and stems after planting. Control (left) and
acid-treated cuttings (center) showed some water stress.
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In Chrysanthemum sulfuric acid treatment alone hastened root
initiation and promoted rooting quality as well (Table 3). Pro-
tuberances on the stem were observed on the 4th day in acid
treated cuttings but not in control cuttings. Acid treated cut-
tings rooted 100% on the 8th day but control cuttings rooted
only 75%. At the time of harvest (12th day) total root length per
cutting was 37.0 cm compared to 16.5 cm for the control.

These results lead us to suggest that a short exposure to
acid may break acid-labile linkages (Ca bridge) in the cell walls
of calciphilous plants. The base pretreatment may break base-
labile linkages (ester bridge) in the cell walls of acid-loving or
acid-tolerating plants. Such reactions may loosen cell walls, in-
crease water permeability (5), facilitate absorption of applied
auxin and/or emergence of root initials. The relation of acid or
base promotion of root initiation to auxin-induced root initia-
tion has not been studied in detail. It is clear (Fig. 1 and Table
3) that H,SO, alone can promote root initiation. This could be a
direct morphogenetic effect of acid or an interaction of the acid
with endogenous morphogenetic tactors such as auxin. At pre-
sent the mode of action of acid or base treatment is being inves-
tigated.

Table 3. Rooting of Chrysanthemum ‘Golden Anne’ cuttings treated with or
without 2N H,S0, alone for 15 sec after 8 and 12 days.

No days after Percent No. roots Aver, root Total root length/
planting Treatment roalting cutting length (mm) cutting (mn)
8 1,0 75 3.6 + 0.6% 2.7 + 0.4 15.5 = 3.4
H, S04 100 5.9 + 0.6 5.2 = 0.5 37.5 * 6.5
12 HEG 100 9.1 = 6.7 1.1 =% 1.3 168.3 ¢ 22.5
1,504 100 14.9 = 0.4 23.3 + 1.2 370.0 = 34.7

“Mean and standard error of the mean.
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THE CREATIVE SEARCH FOR
NEW F, HYBRID FLOWERS

GLENN A. GOLDSMITH

Goldsmith Seeds, Inc.
Gilroy, California

There is a small group of companies, about 6 in the U.S.
and perhaps 15 worldwide, that have caused a gardening revo-
lution during the last 20 years. This revolution is the change by
the gardening public from the sowing of seed in the garden to
the purchasing and planting of started plants. The companies
largely responsible for this revolution are those developing F,
hybrid annual flowers.

It is not a coincidence that the rapid development of the
bedding plant industry coincides with the tremendous increase
in the use of the F," method for the production of flower seed.
In fact, neither industry could have developed to the extent
they have without the other. The bedding plant industry
needed and has used the greatly improved cultivars in order to
have a superior product which the public would buy, and the
seed companies needed the protessional grower who had the
experience and facilities to grow the expensive seeds.

Hybrid flowers offer the same advantages over open-
pollinated sorts that are found in vegetables and field crops:
those of uniformity and increased vigor resulting in stronger
plant growth; more abundant flowering and larger flowers
blooming over a longer season; a generally all-around superior
garden plant. Also in flowers the hybrid method can result in
flower colors, flower types, and habits that are the result of the
heterozygous condition for certain genes.

There is a truly amazing contrast between the small-
flowered, poor colored, and usually rather weak-growing and
loose petunias that were sold betore the F, hybrids, and the
large-tflowered, vigorous, compact, very free-flowering, pastel
and bright colored hybrid petunias. The contrast between an
open pollinated snapdragon mixture and vigorous hybrids like
the Rockets, and the difference between the new F, semi-dwart
African marigolds and the existing open pollinated cultivars is
equally great.

Today one can purchase F, hybrids of at least 15 species of
annual garden flowers, including ageratum, begonia (fibrous
rooted), dianthus, geranium, iceland poppy, impatiens,
marigold (Tagetes erecta and Tagetes erecta X T. patula),
nicotiana, pansy, petunia, primula, portulaca, salpiglossis,
snapdragon, and zinnia. In addition, F, hybrid seed of four
greenhouse pot plants is available: calceolaria, cyclamen,
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gloxinia, and saintpaulia. Twenty years ago F,; hybrids were
only available in three species: petunia, begonia, and the
greenhouse cut flower snapdragon.

[t is interesting to note that not only has the flower seed
industry intensively used this method of breeding, but was one
of the first to offer commercial seed of F; hybrids with the in-
troduction of Begonia gracilis ‘Prima Donna’ by Ernst Benary in
1909.

Economic as well as horticultural reasons have influenced
the rapid and widespread use of F, hybrid flowers.

Because of the relatively small amount of seed needed
when compared to a vegetable or field crop, hybrids can be
hand produced in flower species that would be prohibitively
expensive in some other crops. A large proportion of the hybrid
seed is sold to professional growers who in turn market plants
to the consumer.

The desire to protect one’s product has also been a strong
contributing factor to the rapid increase in the adoption of the
F, hybrid method. Having this protection has permitted com-
panies to invest more in their breeding programs, both in
facilities and in personnel.

ADVANTAGES OF F, HYBRIDS

Let me enlarge on the advantages of F, hybrids and the ac-
complishment a breeder can make using thls breedlng method
in addition to the most obvious one of hybrid vigor or heterosis.

Two important flower types in petunia, the large-flowered
or grandifiora type and the double-flowered form are com-
pletely dependent upon the hybrid method for production. The
granditlora character is semi-lethal in the homozygous state giv-
ing a very weak plant. The character is dominant to the small-
flowered or multiflora type. Commercial F, hybrid grandiflora
petunia seed is produced by crossing multlflora and grandiflora
lines, usually using the multiflora line as the seed parent.
Likewise double-flowered petunia seed production is dependent
upon the hybrid method. Double-flowered petunia lines have
pollen, but are essentially female sterile with only an occasional
functional pistil. In commercial seed production the double-
flowered inbred lines are maintained vegetatively and used as
pollen parents in crosses with single-flowered lines. The
double-flowered character is dominant and so the resultant F,
hybrid is double-flowered. Most double parents are small
flowered, so dependlng upon the flower type of the single par-

ent, the F, hybrid is either multiflora double or grandiflora
double.
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In both zinnia and African marigolds some recent desirable
intermediate habit types result from crossing tall and very
dwarf forms. The F,’s are intermediate and cannot be “trued
up’”’. ‘Peter Pan’ zinnias and marigold cultivars, Apollo, Moon-
shot and the Lady hybrids, are examples of this.

In some genera, such as Dianthus, there is, during the in-
breeding process to get uniformity, a strong inbreeding depres-
sion or loss of vigor. Species such as this are good candidates
for using the hybrid methaod.

Also by the hybrid method very desirable F; hybrids can
sometimes be made between different species. Dianthus ‘Queen
of Hearts’ is an F, hybrid between an inbred line ot Dianthus
chinensis and D. barbatus. The F, hybrid is sterile, as one
would expect, and is very free blooming. The very popular trip-
loid marigolds, hybrids between Tagetes erecta and T. patula,
are another example of F; hybrids between species. Like the
‘Queen of Hearts’ dianthus, these hybrids are very free bloom-
ing and superior in many horticultural traits to either species.

In recent vears there has been a dramatic shift in the
method of propagation of garden geraniums from asexual prop-
agation by cuttings to the growing of plants from seeds. This
change has been possible because of the outstanding new F,
hybrid cultivars that have been developed. These are early and
free blooming, with compact habit giving much better garden
performance than the cutting grown cultivars.

DEVELOPMENT OF NEW F, HYBRID CULTIVARS

There are three steps in the development of a new F, hy-
brid cultivar.

(1) The development of inbred lines. Inbred lines may be
selected out of commercial open-pollinated cultivars, but more
likely will be developed from recombination of segregating
breeding material. For example, in the development of inbred
lines to produce snapdragon ‘Bright Butterflies’ by our com-
pany, over 15,000 F, plants were grown from crosses ot strong
normal-flowered snapdragons and ‘Juliwa’ snapdragons with the
desired open-faced flower form. From these populations 26
plants with the character we wanted were selected. These were
inbred and further selected to give us the inbred lines used to
make the F; hybrid mixture ‘Bright Buttertlies’.

(2) Making test hybrids. The breeder armed with knowledge
of the inheritance of the characters, such as flower color, flower
form and habit, plans and makes hybrids which he predicts will
give the F, hybrid he wants.

(3) Testing of hybrids. These are tested in the greenhouse
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for performance at the time a plant grower would sell them and
in the field for garden performance. Betore a cultivar is intro-
duced it is tested in trial gardens conducted by seed companies,
public parks and universities. The University of Illinois and
Pennsylvania State University have been leaders in this type of
testing.

Particularly outstanding new developments may be entered
in competitive trials such as the All-American Selections or the
more recently formed counterparts in Europe, the All-Britain
Trials and Fleuroselect. Winners of awards in these trials re-
ceive promotion that results in greatly increased sales.

SEED PRODUCTION

Many of the F, hybrid cultivars in crops such as petunia,
snapdragon and pansy are produced by hand emasculation and
pollination. Because of the large amount of hand labor in-
volved, the production is centered in low labor cost areas of the
world such as Central America and parts of Asia. These areas
also have the advantage of climates that permit construction of
relatively inexpensive greenhouses without heating or cooling
facilities.

In some crops male-steriles have been used to eliminate
emasculation, but the plants are still poilinated and the seed
picked by hand. Examples of this are geraniums and dianthus.
F, hybrid marigolds are produced in field plots using alternat-
ing rows of seed and pollen lines. Two distinct forms of pollen
sterility are used in the seed line. One method is to rogue a
population segregating for full double (all ray flowers) and
semi-double, leaving only the full double type. The other
method is to incorporate a recessive apetalous character into the
seed line. The line maintained in a 50:50 normal to apetalous
ratio is rogued to the apetalous type. Neither type of male steril-
ity is without its problems. The full double method is difficult
because age and environmental stress can cause plants that had
been full double to produce some flowers with disc flowers.
Pollination is a problem with the apetalous flower form. Not
having petals, it is less attractive to pollinating insects.

Hybrid zinnia seed is produced using an apetalous charac-
ter similar to the one in marigolds and maintained in the same
manner. However, the apetalous flower form is even less attrac-
tive to insects than in the marigold, and the pollen is usually
collected and applied by hand.

If you are using F, hybrid flowers in your business, plant-
ing them in your garden, or only enjoying them i parks and
gardens, I hope vou have a better understanding of what is in-
volved in their breeding and production.
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RAY HASEK: Now is the time for questions for our
panelists.

VOICE: In using the acids or bases, would there be a prob-
lem with the workers using them because of their caustic nature
— being injured by them?

WES HACKETT: I certainly think that is a concern. I talked

with a man from Monrovia Nursery who said they were trying
it experimentally and I am not sure whether they had involved
their workers or not, or whether they were using other kinds of

personnel to do that work. |

BILL BARR: Yes, we are using it for experimental purposes
and are just letting one person do all the work with the acid
and bases and that one person does all the preparation.

WES HACKETT: You do have to realize that sodium hyd-

roxide is lye; it is a very caustic material. Sulfuric acid is also a
very caustic material. It could be very injurious to eyes and
other delicate parts of the human anatomy.

JOLLY BATCHELLER: Do you use total immersion of the
cuttings?

WES HACKETT: No, just the base of the cuttings. The same
way you would dip a cutting into an IBA solution.

VOICE: What is the normality of the sodium hydroxide so-
lution?

WES HACKETT: pH is 10.5. This is the easiest way to mea-
sure 1it. -

VOICE: What would be the concentration percentage you
are using of sulfuric acid, sodium hydroxide, and IBA?

WES HACKETT: We pre-treat with either the acid or base
depending on the species. The acid is the 2 N solution; take
concentrated sulfuric acid, dilute it down to 2 N. With sodium
hydroxide the easiest way to prepare the solution is with a pH
meter. We add the concentrate NaOH to water until the pH gets
to 10.5. The cuttings are then dipped for an appropriate length
of time, washed thoroughly, and then re-dipped in whatever
kind of auxin material you use. We use 3000 ppm as a general
concentration of IBA.

BRUCE BRIGGS: Do you have any comparisons where you
wound the cuttings.

WES HACKETT: No, we did not compare wounding with
the acid-base treatment.

PHILIP BARKER: I would like to ask Harold Tukey a ques-
tion. Would you explain what you know about the triggering
mechanism of fall leaf coloration.

HAROLD TUKEY: This information is in the horticultural
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and plant physiology literature. The rest, dormancy, begins in
many woody plants in mid-summer with the setting of a termi-
nal bud, which involves a hormone relationship triggered in
many plants by a photoperiod reaction. As the fall season ap-
proaches, the red-colored pigments, anthocyanins, begin to ac-
cumulate. This is enhanced by low temperatures, by a good
carbohydrate supply, and perhaps by nutrients such as nitrogen
and potassium. But the process begins in mid-summer.

VOICE: Mr. Goldsmith, could you discuss your record
keeping system in your breeding work?

GLENN GOLDSMITH: Actually you might be surprised by
the lack of detailed note taking. What we want to know in most
cases is ‘““what is the best selection or hybrid of a group of a
similar type?”’ My book therefore is filled with X’s, double x’s
and triple X’s to indicate the best within a series. I will make
detailed notes on new breeding material and hybrid combina-
tions. We also don’t save any selections that we don’t intend to
plant the next generation. We automatically sow everything
saved the year before. As some of these cultivars approach the
finished product, we will get involved more with our sales
people, and they will take more detailed notes so that they can
do the descriptive and catalogue work. We use a pedigree sys-
tem in our inbreeding, in which each year we simply add
another dash and 1, 2, 3, depending on the selection. This sys-
tem is pretty much patterned after what I used at Pan American
Seeds when I was there.
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PLANT HUNTING IN ENGLISH GARDENS
PAUL PICTON

Ballards Nursery
Malvern, Worcestershire

Large nurseries producing batches of plants by the
thousands and plush garden centres, where one has to thread a
delicate path through concrete and plastic paraphernalia before
finding the plants, are as remote from my kind of nursery as is
a Texas ranch from a Herefordshire smallholding. I don’t feel in
the least envious (I suppose some might call it ambitious); in
fact, I consider myself lucky to be running the sort of tiny con-
cern which relies upon the production of interesting plants for
it’s survival. Perhaps, we can, quite easily, grow 100 plants of
Anchusa caespitosa and several hundred Romneya coulteri. But
it is equally as satisfying to get out annual crop of 10 plants of
Sanguinaria canadensis ‘Plena’.

So many of our plants provide just the odd few cuttings or
the occasional crop of seed. It is worthwhile asking the ques-
tion “Would there by any point in producing such plants in
quantity, even if it were possible?”’ True enough, a certain ele-
ment of the gardening public will always show tremendous in-
terest in the more unusual type of plant. But if plants like the
Anchusa and Sanguinaria were as widely grown and readily
available as say Mahonia japonica, how long would their spe-
cial appeal last? There is nothing like familiarity for building
up a healthy contempt for sales figures, especially if one’s cus-
tomers are mostly knowledgeable gardeners, who no longer
possess the happy knack of killing plants off fairly rapidly!

It, therefore, follows that a matter of prime importance is
the regular introduction of plants which are new to the nursery.
How fortunate we are to be living in a country which is a verit-
able treasure house as far as plants are concerned. Whether it is
the broad acres around a stately home, the plant-packed con-
fines of a botanic garden or the seemingly most humble of cot-
tage gardens, the range and long establishment of English gar-
dens offer the plant collector an especially rich and varied
hunting ground. How valuable this is to those of us who pos-
sess neither the time, knowledge, or resources to travel abroad
in search of new plants. All around us are old favourites like
the double-flowered sweet rocket, Hesperis matronalis ‘Alba
Plena’, long since lost to nurseries, but, given to us some years
ago by Mr. Eliot Hodgkin. Then, one can be given the occa-
sional worthwhile newcomer, like Dionysia aretioides. Consider
the thousands of really good plants which have been intro-
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duced to this country, only to sink into near oblivion because
no one has propagated and distributed them. The great collec-
tors like Forrest and Wilson sent home so many plants which
we hardly ever see today. Yet, a large number of them must still
be growing in some gardens. Take, for example, Corydalis
cashmeriana, which can be seen flourishing in gardens but can
hardly be said to be widely grown.

Most gardeners are remarkably generous in giving material
from their plants because they fully recognise the sound sense
in having a reasonably wide distribution if the plant is to sur-
vive. It generally pays to be scrupulous as to one’s methods ot
gathering materials. We remember the gentlemen who called on
a great lady gardener to be told that she was engaged for some
minutes — “would he care to walk around the garden?”’ Of
course, the temptations presented by each border were far too
great for him. Being the pre-polythene era, he tucked the cut-
tings under his hat, becoming so engrossed in his task that he
lost count of time. Consequently, he suddenly bumped into his
hostess around the corner and despite his state of confusion
remembered his manners and raised his hat in greeting!

Not every plant will prove as valuable as the proud donor
would have one believe. 1 still recall the person who was kind
enough to present us with variegated ground elder
(Aegopodium podagraria ‘Variegatum’). Perhaps, garden centres
could promote this plant as the ground cover discovery of the
century! *

Correct naming can be a considerable headache. It is often
surprising to find how many people have no idea what they are
growing. Perhaps it is less surprising to discover at some later
date that you have been given the wrong name. Aeonium
tabulaeforme is a most decorative plant in foliage and quite
spectacular in flower. This had to lanquish for many years as
“some sort of succulent, nearly hardy’’, before someone came
along with the name. Many years ago we were given a young
plant from a parent found growing on a rubbish heap in Wil-
liam Robinson’s garden at Gravetye The owner was happily
calling it a “Dwarf Laburnum’. Subsequent enquiries at Kew
revealed it to be Cytisus sessﬂlfohus a plant long cultivated but
hardly seen today Naming is somewhat easier on the odd occa-
sion when one is given a completely new cultivar. We were for-
tunate to be given cuttings of a dwarf form of Hebe cupres-
soides, now called H.c. ‘Boughton Dome’, which grows to
around 40 cms. It makes a lovely shrub for the rock garden or
heather bed as do so many in this useful genus.

Having got the initial stock growing we find it best to es-
tablish some plants to grow on to maturity, rather than rely en-
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tirely upon propagation from the nursery stocks. The wide
range of plants handled makes the latter difficult if something
is missed at the appropriate time. Alpines and dwarf shrubs are
grown in raised beds making cultivation relatively easy and, at
the same time, providing excellent display areas. Given a safe
number of stock plants (dependent upon the speed of growth
and ease of propagation) nursery plants can be sold as and
when available instead of waiting to build up large stocks. Un-
less one has a ‘‘sure-fire popular plant’’, the latter course can be
a mistake in a small nursery.

Let me now introduce you to some of the plants which we
have collected over the years in English Gardens.

Acanthopanax sieboldianus (A. pentaphyllus) ‘Variegatus’
must be one of the finest small growing, deciduous variegated
shrubs. It is perfectly hardy with us and very decorative in form
as well as leaf colour. Cuttings root quite readily. Other mem-
bers of the genus can be propagated from root cuttings but the
likelihood of producing green foliage would be too great in this
instance.

Arundo dona X ‘Variegata’ came to us from a botanic gar-
den. It is a striking plant of considerable architectural value in
the garden, appreciating a reasonable amount of moisture. Judg-
ing by its potential for vigorous growth, it is possibly fortunate
that it is not completely hardy in the Midlands. Division is the
easiest means of propagation although stems will root from the
nodes, under mist.

Cestrum parqui was given to us by that great gardener and
collector of good plants, Mrs. Margery Fish. The plant was
found in Chile in 1787, yet how often is it seen today? It needs
the shelter of a west wall but that is not an insurmountable
problem. During late July and August the plant, around 1.5m
high, is wreathed in cool yellow blossoms, sweetly scented in
the evenings. Half ripe cuttings root easily if the propagator has
been able to stand the strange smell of the foliage!

Euphorbia nicaeensis is a plant which grows easily from
seed. A specimen growing in a stony, well-drained and sunny
spot will usually throw plenty of seedlings around the area.
This is a spurge of considerable merit, coming into flower in
early summer; the thin stems hold masses of bright lime-green
heads into the autumn. Standing about 45 cm high and forming
a neat mound, the whole effect is one of grace and colour com-

bined.

Iris unguicularis ‘Alba’ is a rarely seen form of this justly
popular winter-tlowering plant. It grows very well in a rather

impoverished condition, under the shelter of a sunny wall. Di-
vision is the only means of propagation and, since the plant is
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not as vigorous as the type, stocks are not likely to be plentitul.

Itea ilicifolia originally came from western China in 1895.
Our plant attracts more attention than any other shrub in the
nursery during August, when the long tassles of blossoms (re-
miniscent of Garrya) cover the side of a potting shed. It grows
very freely on a northwest wall, which is well clothed by the
shiny, evergreen foliage through the year. Fairly ripe wood,
taken with a heel, will root easily in late summer.

Leptosperum scoparium ‘Nichollsii Nanum’ must be one of
the most attractive dwarf shrubs for a sheltered site in the peat
bed or rock garden or for alpine house culture. The form of the
plant, bronzed foliage, and bright red flowers, go to make up a
plant of high quality, which never fails to attract attention. It
does best in an acid soil and, in the Midlands, really requires
some shelter in winter. Mature plants grow to about 20 cm X
- 40 cm. We root cuttings of half-ripe shoots.

Mahonia aquifolium ‘Moseri’ is one of the most sought
after shrubs on the nursery. The striking apricot-coloured leaves
in early spring always catch people’s eyes. In fact, we often
wish that it was a little less conspicuous! Not that propagation
presents any particular problems; layers or cuttings are equally
easy. Availability of material is the problem. To gain the best
effect from mature plants it is advisable to layer or prune them
back to encourage bushy growth, as opposed to the natural
rather leggy habit. Obviously a plant for flower arrangers!

Meconopsis cambrica ‘Flore Pleno’ unlike the type plant, is
a welcome addition of any garden. The bright orange, or yellow
flowers last long in bloom and the plants seed quietly around
without becoming too numerous. Most seedlings come true but
one can find the odd single blossom. So, a small element of risk
is involved in selling plants prior to flowering.

Oenothera macroglottis (O. australis) is reminiscent of the
better known O. caespitosa, with white blossoms that fade to
pink “on the morning after the night before’’. However, the
flowers are larger, as is the foliage, which has a greyish tinge.
O. macroglottis is also more reliably perennial, although some
protection might be required in winter. The plant will run for a
considerable distance. We have one which has travelled a dis-
tance of 2 m in one season. Our plants have not set any seed.
We, therefore, propagate by lifting and potting the shoots aris-
ing from the underground running stems. The plant grows to
about 25 cm high.

Origanum rotundifolium is a comparative newcomer to the
range of interesting marjorams, which includes O. X hybridum,
O. dictamnus and O. amanum. Only about 15 cm in height, it
quickly forms a clump up to 60 cm across. The large, apple-
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green bracts are decorative over a long period through the
summer. Young shoots root well in spring and large clumps
can be divided.

Paeonia mlokosewitschi has been with us since 1907 and
still continues to be a much sought after plant. This herbaceous
paeony must surely be one of the aristocrats of the English Gar-
den. The red buds and pink and grey candlesticks of shoots,
prior to flowering, are sufficient to justify a place in any gar-
den. Then come the gorgeous silky, yellow flowers and, in early
autumn, bright yellow and orange shades in the dying leaves.
Division of large clumps is possible, even desirable, once in a
while but seed remains virtually the only means of propagation
commercially — and we all know how long it takes to produce
a flowering-sized plant!

Phlox pilosa ‘Chatahoochee’ (20 cm) is a fairly recent in-
troduction which always excites much comment. It carries such
a wealth of intense mauve/blue flowers that we have to cut off
the stems as soon as possible so that some shoots will be pro-
duced. Watering in dry weather helps the growth of the latter
which will root quite easily. The plant grows best in acid soil.

Salvia multicaulis represents the many sages which we
seem to have collected. The enormous bright purple/red bracts
on this low shrubby plant (about 60 cm in flower) are quite ex-
traordinarily spectacular. Understandably it is a popular plant
with flower-arranging ladies, who are always open to buy a fast
maturing plant which does not suffer from being cut back fre-
quently. Cuttings taken either before or after flowering are suc-
cessful. The plant needs a sunny, well-drained site.

Trachelium asp