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Picture John and Jane in their living room. Theirs is a com-
fortable home in an upper middle class neighborhood, Subur-
bia, USA. This evening, just before the cold winter, they are
again in serious discussion about their future. Fuel for heating
the house in the winter, and electricity for cooling the house in
the summer is becoming more limited and that which is avail-
able is more costly. They had been asked to conserve on the
amount of water they used during the past summer to keep
their yard healthy and inviting. The price of gasoline has in-
creased and they are facing prospects that gasoline is not al-
ways available. Inflation is taking its toll.

John and Jane have been through a lot together. Now they
have built a lifestyle that is comfortable, exciting and pleasing
— they are not about to give it up easily. They have built some
wealth, and they do not want their wealth in paper to be eroded
by inflation. How can they maintain their lifestyle, maintaln
their financial position and live with inflation and fuel

shortages.

Among the options open to them are the reduction of pur-
chases of plants and other items they bought with the dollars
allotted for discretionary purchases. Yet they know that they
can reduce the amount of energy needed to cool or heat their
house by the proper placement and use of plants (1).

Now that they are alone, they might move into a townhouse
— a smaller, tighter house would be less costly to heat and
cool. The yard is maintained by the homeowner’s association so
that their gardening will be limited to the patio using special
planting systems designed especially for these situations.

John and Jane must also consider the new state law that
simply states that every person occupying a building has a right
to sunlight from 10 a.m. to 2 p.m., and that if they permit a tree
or shrub to shade more than a small percentage of the solar col-
lectors during these hours they will be guilty of maintaining a
public nuisance and subject to fines for every day the nuisance
persists. They know they can calculate the maximum height the
plant can attain in their yard before it begins to shade the solar
collector on their neighbor’s house to the south (2).

John and Jane will not make major decisions tonight. How-
ever, their discussion begins to point out courses of action open
to them. When they do make a decision, many industries could
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be affected as they change their purchasing patterns and habits.

Now, let us turn to Joe and Jose. They have just reviewed
the amount of fuel they used the past year for production of
crops and they are trying to plot their course for the future.
They are planning under the conditions that the amount of en-
ergy — fuel, gasoline, electricity, etc. will be limited, perhaps
even to a maximum amount available, and that which they use
will be definitely more costly. They have decided that the strat-
egy they adopt must support the position that the available en-
ergy be stretched as much as possible and at the same time
costs must be controlled as much as is feasible.

Joe and Jose know that, to cope with the energy situation in
the future, they must anticipate how the general economy will
go, how John and Jane will react in terms of purchasing plants,
and how the energy situation will develop. Then, and only
then, can they plan their course of action, using the anticipated
or predicted events as mileposts for their planning.

Several courses of action, alone or in combination, seem to
be feasible to our nursery managers. They realize that all deci-
sions cannot be made simply on a cost-effectiveness basis alone
because at times it may be necessary to use a more costly solu-
tion simply to stay in business. While going out of business is a
course of action open to them, they definitely do not want to
take it. They do know that they must take this course before
they are forced into it, however, if they want to maximize the
returns they take out of the business. Forced into bankruptcy by
rising costs and income not keeping up is not for them.

Our nursery managers may decide on a combination of
courses consisting of conservation, alternative production pro-
cedures that are less costly in terms of energy, and the use of
alternative sources of energy. Future plans call for alternative
products to meet the changing needs of the consumer. Also,
branch operations in areas of the country or world where en-
ergy requirements are not as severe is a definite possibility.

In the short run, conservation is the only way to cope with
the situation. They must depend on the same sources of energy
— gas, oil, etc. Alternative sources — solar, wind, etc. — are for
long run considerations. They will use all the procedures of in-
sulation, reducing infiltration of cold air into greenhouses by
plugging all leaks, and efficient use of fertilizers and other ma-
terials that require large amounts of energy to produce.

The long run solution requires the examination of business
location from the viewpoint of energy needs for production and
for marketing, as well as the additional land, labor and capital
needs. It does not make sense to locate in an area where energy
for production is less if the savings are more than used for in-
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creased energy needed to market the plants. The only justifica-
tion, and a poor one at that, is that the type of energy needed
for production is not available at any cost, and the type of en-
ergy needed for marketing is available.

Energy requirements to manufacture plastics.

Nylon 3700 to 3900 BTU per cubic inch
| pvC 1800 BTU per cubic inch
Polyethylene (low density) 1100 BTU per cubic inch
Polyethylene (high density) 1400 BTU per cubic inch

Some ways to ‘‘insulate’’ greenhouses.
1. Double layer of plastic sheeting, inflate.
Plastic over glass or fiberglass, inflate.
. Attach plastic insulation material to glass.
Thermal blankets over crops.
- On north walls, attach styrofoam on glass.
Some ways to seal openings, reduce infiltration of cold air into greenhouses.
Double doors with weatherstripping.
. Air ‘““bags’’ over vents, fan openings, etc.
Lapseal between panes of glass or sheets of fiberglass.
Louvers that shut tightly.
5. Heater vents have means of controlling drafts.
Energy requirements to manufacture fertilizers.
1 ton of nitrogen requires 511,280,000 BTU of natural gas.
1 ton of phosphorus requires 4,390,000 BTU of natural gas.
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etiolation on root formation in shoot cuttings is presented. Characteristic fea-
tures of this phenomenon are discussed in relation to both the action of light
on growth and development and to the possible role of growth substances:
The interaction of ringbarking (girdling) treatment with localized etiolation of
the stem, in relation to root production, was investigated and a summary ot
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often been demonstrated, mainly as corollary of the fact that
exclusion of light from the developing shoot promotes root for-
mation. This situation has been shown to obtain in several un-
related species, among which are Clematis, (15) Phaseolus and
Hibiscus (9). Gardner (7) found that to be effective, etiolation of
the growing shoot should be carried out at an early stage in its
ditferentiation and that it was preferable to exclude light com-
pletely during the initial phase of growth. Working with av-
ocado, Frolich (5) confirmed that shoot tissue was most suscep-
tible to the inhibitory effect of light when first formed and
further showed that the degree of inhibition was proportional to
the duration of exposure. Conversely, increased duration of etio-
lation progressively increased root formation in cuttings of
Salix (11). It is the usual practice to exclude light only from a
short proximal segment of stem, in which case root formation is
confined to that etiolated section (5) — i.e., the effect is strictly
localized on the stem. In this, as in those other characteristics
already mentioned, the effect is consistent in its operation over
the species hitherto studied, as also are changes in stem
anatomy and development resulting from growth in darkness.
In the etiolated stem, differentiation of secondary tissue does
not proceed to completion (14). This is a consequence of the
tendency of etiolation to delay maturation of the tissue (16);
conversely the action of light — qualitatively the same with re-
gard to the two aspects of growth, cell multiplication and cell
enlargement — is to accelerate initiation and completion of
successive phases, so that both cell division and elongation
start earlier and end earlier in light. However, striking as the
differences in stem structure are, and although they also are
completely localized in the etiolated segment (18), investigation
has not borne out the thesis that the effect on regeneration is
due to reduction in amount of the mechanical tissue which
would otherwise restrict root emergence (5,9).

If anatomical differences do not account for the promotion
of rooting, its origin presumably lies in the alteration to the
physiology of the developing shoot. In view of the well known
efficacy of auxins in stimulating root formation, increase in the
effective level of endogenous auxin presents itself as a possible
mechanism underlying the etiolation effect. Against this thesis
must be set the fact that etiolation does not so much increase
root formation in a quantitative manner, as induce in the shoot
a predisposition to root formation which does not otherwise
exist. In his review of the factors controlling root regeneration,
Haissig (8) adduces experimental results to show that IAA only
initiates root primordia in predisposed cells, so that in
difficult-to-root subjects, where this disposition does not obtain,
[AA is inetfective; moreover the balance of evidence cited finds
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against the proposal that light controls the level of auxin via the
auxin oxidase system (6), both generally and in the case of root
regeneration. With reference specitically to localized etiolation,
Herman and Hess (9]}, concluded that the difference in en-
dogenous auxin content between etiolated and unetiolated tis-
sue did not wholly account for differences in regenerative ca-
pacity. Again, Krul (13), did not ascribe the promotion of root-
ing, brought about by treating bean hypocotyls with 2,4 dinit-
rophenol (2,4 DNP) in darkness, to the prevention of auxin oxi-
dation. It appears that light, in reversing this promotion, acts on
2,4-DNP, degrading it to an inactive compound, rather than on
hypocotyl tissue, so that this effect is not primarily one of etio-
lation.

Finally, considering the possible role of gibberellin, it has
been shown (12), that the elongation of internodes of dark-
grown plants may be the result of increased sensitivity ta,
rather than high levels of, endogenous gibberellin. As to root
formation, exogenously applied gibberellin was inhibitory
(1,2,10). However, when a range of gibberellins tested in vitro
for root-inducing properties (16), they were qualitatively consis-
tent in their action on tissue of artichoke; rhizogenesis was
stimulated in darkness but inhibited in light.

SUMMARY OF EXPERIMENTAL RESULTS

A series of experiments, using as propagation material the
difficult-to-root apple scion cultivar, ‘Bramley’s Seedling,” was
begun with the object of investigating the mechanism of etiola-
tion and root formation (3,4). Characteristics of the experimental
method were: 1) treatments were applied to the stock plant
only. After severance, the cuttings were rooted in conditions
that were uniform insofar as possible. 2) The two treatments
were: a) exclusion of light from the rooting area of the stem
(etiolation), and b) interruption to the continuity of tissues ex-
ternal to the functional xylem (ringbarking).

Shoots were etiolated initially by starting growth of the
stock plant under black polythene. When this cover was re-
moved, etiolation of the proximal segment of the stem was
maintained by wrapping it with black plastic film while the dis-
tal part of the stem continued to grow in full sunlight. Where
etiolation was not continuous, root formation did not take
place. Ringbarking at the stem base enhanced the effect of etio-
lation but did nothing to increase root formation in light-grown
cuttings. The necessity for continuity of the localized etiolation
was shown by the fact that to delay wrapping the stem base
until five weeks after the beginning of bud extension extin-
guished the predisposition to root formation and a subsequent
exclusion of light from the rooting segment of stem only par-
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tially reversed the inhibition due to this initial exposure.

Indolebutyric acid applied at 2500 ppm increased rooting
only in etiolated cuttings and the increment was small com-
pared with that due to etiolation or ringbarking. Transposing
the etiolated segment distally on the shoot did not alter the
amount of root formation but simply changed the site of root
emergence. However, positioning the ringbark distal to an etiol-
ated segment reduced or completely eliminated rooting in that
segment. Again, the amount of root formation was related to the
length of the etiolated section of stem, increasing from nil at 9
cms etiolated to an optimum level around 7.5 cms. However,
the effective length of an etiolated segment could be decreased
by ringbarking it at its centre, in which case the number of
roots was not reduced but they were formed predominantly dis-

tal to the excision.

The stimulus for root initiation appeared to take effect in
less than five days after ringbarking but a period of 12 days
elapsed before roots were visible at the surtace of the stem.

In keeping with other light-dependent phenomena, it is
probable that this inhibitory influence of light on root formation
is exerted by specific wavebands within the range 320-800 nm.
An experiment in which the usual stem wrap of black
polythene was replaced by colored polythenes, which filtered
sunlight differentially, did not unequivocally identify the in-
hibitory waveband but rather pointed to a close relationship be-
tween root production and total light energy incident on the
stem. Further experimentation using artificial sources of broad-
band radiation failed to bring about differences in root produc-
tion probably because the level of irradiation was not high
enough. Inhibition of root formation in etiolated stems appears
to require high levels (of the order of sunlight) and compara-
tively long durations, of irradiation (> one day). Work now in
progress provisionally indicates that, at equal energy levels,
wavebands toward the lower end of the visible range are more
inhibitory than red or far-red light.
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two general methods for doing this are: (1) by chemical treat-
ment and (2) by heat treatment. Heat, particularly steam heat, is
acknowledged to be superior to chemicals for several reasons
(5). In heat pasteurization, holding the soil mix at the proper
temperature for the proper length of time is crucial in obtaining
the desired results. It is also important that the soil mix be
moist for several days prior to the time of heat treatment to ob-
tain satisfactory killing of pathogens and weed seeds. The ideal
temperature combination is generally accepted as 140°F (60°C)
for 30 minutes (5,8). Temperatures lower than this will not kill
the pathogens and weed seeds. Temperatures much higher will
kill non-pathogenic beneficial saprophytic microorganisms, thus
creating a biological vacuum. If accidental reinoculation with
pathogenic microorganisms takes place an explosive increase in
their numbers is likely to occur due to the lack of any compet-
ing microflora.

In addition, steaming soils at high temperatures, e.g. 212°F
can cause the release of water soluble manganese from soil col-
loids which is toxic to plants Ammonium toxicity can also

develop in soils heated to 212°F.
Other advantages in the use of steam-air mixtures for

pasteurizing soil mixes, as compared to steam alone are:

(1) reduced fuel costs resulting from the lower tempera-
tures required,

(2) quicker cooling of the soil mix which can be accom-
plished by continuing the air flow after the steam is
turned off.

(3) less possibility of injury to the operators from steam
burning.

(4) ability to heat-treat plastic pots which will withstand
140°F, whereas they would be deformed at 212°F.

Another valuable use for equipment designed to produce
140°F moist heat is in seed treatments for disease control

(2,4,9).

The unit we constructed is shown in Figure 1. It i1s porta-
ble, being mounted on a small trailer. Basically, the unit is a
stainless steel box 21 feet wide, 5 feet long, and 3 feet deep
with a capacity of 12 ton of mix. Eight inches from the bottom a
perforated steel plate (with 332" holes on %" centers) is sup-
ported in place giving a surface, as shown in Figure 2, to hold
the soil mix. The cover of the box is 1%"” marine plywood
board, hinged in place, which will lift to allow excess steam
and air to escape. The unit is loaded from the top by removing
the covering board.

At the rear of the unit is a metal door and a metal chute for
unloading, as shown in Figure 3.
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Figure 2. Interior of pasteurization chamber showing perforated plate over
top of plenum chamber where steam-air mixture is introduced.
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Figure 3. Rear of pasteurization chamber showing discharge door and chute
for removing soil mix following heat treatment.
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Air is introduced into the plenum chamber below the soil
by a centrifugal blower operated by a direct drive 3 horsepower
electric motor. The blower can deliver a maximum of 2,000
cubic feet of air per minute. It has an 18" diameter wheel, 4"
wide with straight blades. An adjustment in the air intake con-
trols the volume of air. In operation, the blower forces the
steam-air mixture through the soil mix at 56 cubic feet per
minute.

When in operation an air filter should be used to cover the
air inlet to avoid introducing dust particles (which may contain
harmful microorganisms) during the post-pasteurization cooling
down period.

Steam is injected into the air stream as shown in Figure 4
and is controlled by a hand operated valve.

Figure 4. Close-up showing steam injection line into blower air stream to-
gether with steam controller valve. Also shown is the battery-
powered portable recording thermograph.

The temperature curve obtained after the unit is started is
followed by observing the chart (Figure 5) of the recording

thermograph! (Figure 4) which has a bulb inserted into the soil
mix. The unit is operated for 30 minutes after the thermograph

L Rustrack miniature strip chart temperature recorder, No. 2155A (0°F to
250°F) with thermocouple probe type J-1551. From Western Electro-
Mechanical Co. 300 Broadway, Oakland, California 94607.
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reaches 140"F, at which time the steam is turned off, but the
blower is continued until the soil mass has cooled to ambient
temperatures.

A special steam outlet point from a greenhouse steam sup-
ply, together with an electric outlet point, were installed for use
in operating the unit (Figure 1).

This soil pasteurizing unit has been in operation for about
six months with completely satisfactory results.
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reaches 140"F, at which time the steam is turned off, but the
blower is continued until the soil mass has cooled to ambient
temperatures.

A special steam outlet point from a greenhouse steam sup-
ply, together with an electric outlet point, were installed for use
in operating the unit (Figure 1).

This soil pasteurizing unit has been in operation for about
six months with completely satisfactory results.
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actinophylla plants growing in an inoculated soil mix and treated with Sub-
due had more top growth than plants growing in the untreated inoculated soil
mix.

Root rotting fungi are a frequent cause of loss in the pro-
duction of container-grown plants and tungicides are frequently
used as an aid in their control.

Studies were conducted to determine the effectiveness of
the fungicide Subdue (N-(2,6-dimethylphenyl)-N-(methoxy-
acetyl)-alanine methyl ester) working with Juniperus sabina
‘Tamariscifolia,” Pinus radiata, and Brassaia actinophylla.

MATERIALS AND METHODS

Plants of each species were established in 2.25-inch square
pots using a steam sterilized soil mix. The plants were then

transplanted into 4-inch square pots using a steam sterilized
soil mix and a water mold fungus was introduced into the soil
mix except for one replication of plants for each species for
growth comparison. This one replication of plants of each
species were grown in the steam sterilized soil mix with no
fungicide treatments being used or the fungus added.

The soil mix consisted of equal parts on a volume basis of
sandy loam soil, peat, and perlite. The fungus cultures were
grown on millet seed and thoroughly incorporated into the soil
mix at a rate of 50 ml of a millet seed culture to 10 liters of soil
mix except for Brassaia. With Brassaia 5 ml of a soil mix col-
onized with the fungus was introduced into each 4-inch pot 7
days before the treatments were made.

For the juniper and Brassaia a Pythium species was used
which had been isolated from diseased plants of the same
species. A Phytophthora sp. was used with the Monterey pine
which had been isolated from diseased Monterey pine trees.
Liners were selected for uniformity before being transplanted
into 4-inch pots and treated with the fungicides. Several rates of
Subdue were used (see Table 1) to establish the range of effec-

tiveness: Truban was used at a label rate.

Table 1. Mean Fresh Weights of Plant Tops in Grams.

Rate per

Treatments 100 gal. Juniper Pine Brassaia
1. Subdue 5W 2.5 0z — — 19.6
2. Subdue 5W 5.0 oz 5.6 9.6 18.2
3. Subdue 5W 10.0 oz 5.9 13.1 19.2
4, Subdue 5W 20.0 oz 6.2 11.4 —

5. Truban 30W! 10.0 oz 3.9 8.4 15.8
6. Inoculated soil mix — 2.4 4,1 9.1
7. Steam sterilized soil mix — 5.7 16.4 18.4

1

5-ethoxy-3-trichloromethyl 1-1,2,4,-thiadiazole

42



The chemicals were mixed in water and 80 ml! of the solu-
tion was added to each 4-inch pot which is equal to 2 pints per
square foot and was adequate to wet the soil volume. The pines
and Brassaia were grown in the greenhouse and the junipers
were grown outdoors in a shade house. The Brassaia plants
were grown for 9 weeks in the 4-inch pots, the pine for 12
weeks and the juniper for 16 weeks and then the tops of the
plants were cut at the soil level and weighed. The average fresh
weights of plant tops are given in Table 1. With Brassaia, 4
single pots were used per treatment; 8 single pots were used
per treatment with the juniper, and with the pine 10 single pots
were used per treatment.

RESULTS

Plants treated with Subdue had more top growth than the
untreated plants growing in an inoculated soil mix (see Table

1). Truban-treated plants also had improved top growth over the

plants growing in the untreated inoculated mix though the
growth was usually less than the Subdue-treated plants. The

growth of the juniper and Brassaia Subdue-treated plants was
comparable to the plants grown in the steam sterilized soil mix.

DISCUSSION

Findings ot these studies indicate that Subdue is an effec-
tive fungicide for controlling some Pythium and Phytophthora
species that can cause root rot diseases of B. actinophylla, ].
sabina ‘Tamariscifolia’ and P. radiata.

BRUCE BRIGGS: We will now have a short question period.

CHARLES PARKERSON: John, how wide is the ring bark
you used on your etiolated shoots?

JOHN DELARGY: It is 4 mm roughly.
CHARLES PARKERSON: Is that width significant?

JOHN DELARGY: I haven’'t done any experimentation on
the width. As long as the girdling is complete — that is the es-
sential thing.

CHARLES PARKERSON: I didn’t quite follow your etiola-
tion procedures.

JOHN DELARGY: The shoots on the plant are grown in
darkness for etiolation until they are 10 cm long, then the black

tent is removed. Etiolation is maintained by wrapping the lower
segment with black polythene tape. But in the upper segment of
stem, which is exposed to light, the effects of etiolation are re-
versed; it greens up. Where it is protected by the black tape it

does not green up.
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CARL PERLEBERG: Is there a chance that you could do the
same thing by painting the stem with black asphalt paint?

JOHN DELARGY: I think so, as long as there is no toxic ef-
fects from the paint. Of course, the essential feature is the exc-
lusion of light. Anything that would exclude light would
achieve the same effect.

VOICE: What is the man’s name with the paper from the
thirties who experimented with etiolation?

JOHN DELARGY: Dr. F.E. Gardner (Proc. Amer. Soc. Hort.
Sci. 34:323-329. 1937).

WESLEY HACKETT: Have you thought about how the basal
ringing is promoting the rooting? It doesn’t seem to fit in with
the idea of a promoter moving from the apex with the leaves.

JOHN DELARGY: I imagine it dams up the promoter. So in-
stead of flowing on into the branch in which the shoot is borne,
the rooting promoter(s) accumulates in the etiolated segment.
Sugars and amino acids, I believe, are known to accumulate
above girdling cuts.

WESLEY HACKETT: The ring is made a long time before
taking the cuttings — is that right?

JOHN DELARGY: The ring is made about 15 days before
taking the cuttings.

VOICE: Ring barking without etiolation, what is the effect?

JOHN DELARGY: It is completely without effect. No rooting
occurs on the apple shoots without etiolation.

CARL PERLEBERG: How old are the oldest plants that you
have growing and how well are they growing?

JOHN DELARGY: I have never followed through to see how
the plants grow.

CARL PERLEBERG: So you have gone all this way and you
do not know if they will grow in the field?

JOHN DELARGY: Well, this etiolation effect seemed to be
so striking that it was more important to me to determine the
mechanism of the effect rather than try to use it commercially.
It is so cumbersome and laborious, as it stands now, that the
commercial possibilities are nil. It is not practical to use it. It
seems more important to try and understand what is going on
so that some use may be made of it later based on a complete
understanding of the mechanisms involved rather than try to
employ the method as it now stands.

VOICE: Did you find any large differences among the apple
cultivars you have tried?
JOHN DELARGY: No, but Gardner did. He found no cul-
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tivar which did not respond. Some responded better than
others.

VOICE: Was there any correlation with the standard size vs.
dwarf apple trees?

JOHN DELARGY: I can’t recall that this comparison was
made.

PHILIP McMILLAN-BROWSE: Was the length of the cutting
that you took determined by individual length or did you take
the cutting flush with the stem and thereby incorporate the
complete girdled area?

JOHN DELARGY: We usually took the cutting in the center
of the ring bark so it would be on the new wood. Of course,
other control cuttings would have to be taken at comparable po-
sitions.

PHILIP McMILLAN-BROWSE: So you didn’t take the cut-
tings completely back to the old wood?

JOHN DELARGY: No, I did not.

PHILIP McMILLAN-BROWSE: I ask the question because 1t
is very evident that with the apple you get an increase in root-
ing potential if you incorporate the base of the shoot in the cut-
ting.

JOHN DELARGY: I have known about this but it didn't
seem to be important particularly with these cultivars.

VOICE: What is the intensity of light on them?

JOHN DELARGY: The intensity of light, the total quantity
of light — the photon flux — the higher it is, the less the root-
ing which eventually took place. Obviously, when you use
black polyethylene you exclude all light and rooting is at a
maximum. Conversely, when you use material which lets more

light through, rooting is at a minimum.

TOM WOOD: Recent work along this line at East Malling
Research Station, England, was explained at a nurserymen
members day only last week. They were doing the same thing
with black polythene tents on apple stock plants. They treated
the plants for 3 weeks without light and then took the shoot
growth, irrespective of whether they continued the etiolation at
the base of the stem, or not. They used foil to cover the base of
the shoots. They found that-they could get the same amount ot
rooting whether they used foil or not; similarly, they could go
back six weeks later and use any regrowth that had taken place
after the first batch of cuttings had been taken; these would root
also. So I think that the development along these lines is that
whatever happens when the initial period of darkness takes
place carries throughout the season.
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BRUCE BRIGGS: There are some people at East Malling that
have done a lot of work in this area. There are indications — I
hope it has been published — that possibly part of this
phenomenon has to do with the condition of the tissue, as sun-
light seems to destroy something that is essential in root initia-
tion. At East Malling they found they could substitute some
chemicals for those that seemed to be destroyed by sunlight. So
this is another approach to part of the etiolation effects.

Let’s take rhododendron plants grown both in the north
and in the south. You can go into a lathhouse with low light
and take cuttings and usually they will root much better than
those taken out in the hot sun. Their explanation over at East
Malling was that sunlight destroyed some rooting factor in the
cuttings. In shade, the rooting chemical lasted longer and you
could take the cutting over a longer period of time.

VOICE: For the aerated steam unit do you have an automa-
tic shutoff when the temperature reaches 140°F?

HUDSON HARTMANN: No, we shut the steam off manu-
ally when we see that the temperature has reached that point.
We could make it more automated than we have done here.

VOICE: Have you investigated how uniform the tempera-
ture is throughout the soil mix?

HUDSON HARTMANN: Yes, it is important to see that the
temperature is the same throughout the mix — that you don’t
have hot spots. One of the problems is that there could be a
blowout, where the force of the steam-air going up through the
mix could open up a hole and the steam-air would go out
through the hole. Some of the units have the plenum at the top
with the steam-air introduced at the top moving down. Then if
you have a blowout the loose soil tends to fill up the hole.

VOICE: Is the soil being agitated inside the chamber?

HUDSON HARTMANN: No, it is not agitated. The mix is
fairly loose, but it is not agitated during the pasteurizing treat-
ment.

VOICE: Do you have any trouble with the holes in the
plenum chamber being clogged up, or excess soil getting down
into the plenum?

HUDSON HARTMANN: We haven’t so far. The size of the
holes and their distance apart is quite critical. There are certain
limits to it or there could be trouble.

BRUCE BRIGGS: Over in Australia, on our recent IPPS tour,
we were looking at all the forms of aerated steam used for soil

pasteurization. A man with us on the tour said ‘“We have
known that principle for forty years and we have used it in the

46



lumber business.” They found that when they were drying
lumber in the kilns that if they mixed air with their steam heat
the lumber dried about four times as fast as with heat alone.

You better look around and see what your neighbor is doing
and use some of his procedures at times.

MIKE SMITH: I have a question for Wes Humphrey about
this compound, SUBDUE. Have you done experiments under
field conditions with one-time application once the plants are
established? For most crops, unless you are talking about a very
expensive crop as rhododendrons or higher priced azaleas, two
to three month reapplications scheduled throughout the term of
the crop would be prohibitive for most crops. Generally, we are
interested more in either preventive applications or routine ap-
plications on those we know to be trouble plants. We need
one-time applications as soon as the plants have been estab-
lished a month or two in the can; we try to get away with one
corrective application when we see the first signs of symptoms
of water molds.

WES HUMPHREY: Good question, Mike. As far as the work
that we have done under grower’s conditions, no. Typically
there we have been using either a 60 day or 90 day retreatment.
Work that we did, however, say under greenhouse conditions or
under our conditions there at the South Coast Field Station
with the junipers, that was just a single treatment. The same
thing was true with Monterey pines that we worked with at the
South Coast Field Station. There we carried those through for a
reasonable period of time depending on the species and then
we harvested that particular crop. So, there was only a single
treatment and we got a favorable response. What we are doing
now, and the work that we did last year under field conditions,
no — it was repeat treatments. Your point is well taken and one
that would be a good thing for us to evaluate under field condi-
tions.

Bruce, let me mention a couple of other things that were
brought up during the break that some of the rest of you might
be interested as well in relation to this particular material.
Somebody asked, ““is it going to be released under an experi-
mental permit use basis”. The answer is — no. The material is
far enough along, close enough to registration, that the com-
pany hopes to have a full label product available for any and all
use by ornamental producers soon after January, 1980. So they
don’t, as with many other materials, expect to produce a fair
amount of it for purposes of experimental use. The other thing
was about its effect on Rhizoctonia. [ may not have made that
clear in the presentation that I made. It is not effective on
Rhizoctonia. It is only effective on the Phycomycetes, a particu-
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lar group of fungi which include Pythium and Phytophthora
and some other fungi of that type. If Rhizoctonia is a concern,
and you are not controlling it by good clean culture, then
another fungicide would need to be brought in for control of
that disease.

JUDY GARLOCK: You mentioned sensitivity; some crops
are sensitive. How do we recognize symptoms of sensitivity to

SUBDUE?

WES HUMPHREY: One thing to watch when the product
does become available is what is stated on the label. One of the
plants that shows sensitivity at normal label rates is variegated
euonymus, where the variagation is on the margin of the leat.
There the chemical causes an additional bleaching of that tissue
that doesn’t have any chlorophyll in it. On Monstera deliciosa,
with some work that we have done, using repeat applications at
label rates, we experienced some additional chlorosis — margi-
nal chlorosis on the leaves.

BRUCE BRIGGS: In both Europe and Australia this chemi-
cal is being used. We found in Australia they were not too ex-
cited about it in controlling Phytophthora cinnamomi. Wes,
have you checked it on this? What form of Phytophthora were
you working on? They were disappointed, it wasn’t giving that
good a control; but it was really excellent on mildew.

WES HUMPHREY: It would be good for downy mildew, but
it isn’t worth using for powdery mildew. This material is effec-
tive on Phytophthora cinnamomi. There is enough good evi-
dence to show this. But even though it has an eradicant prop-
erty it does not mean that if the plant has a root system that is
highly contaminated or highly infected with the fungus that
you are going to work miracles. It is no miracle material; none
of them are. What [ am saying is this — it is far better used on a
preventive basis. But it also has the ability to do some eradica-
tion. If you have an avocado tree growing out in the field that
has dropped all of its leaves, and it looks like a dog, no — bet-
ter jerk that tree out of there and plant a young, fresh tree and
use the material as a preventative to gain control of
Phytophthora.

It is interesting that Bruce picks up this information from
discussions in Australia, then one of our plant pathologists re-
turns from Australia with the information that this material in
the field looks pretty good on. controlling Phytophthora on av-
ocados, so it is reported to be effective there.

BRUCE BRIGGS: When we brought the subject up, there
were about 100 nurserymen from Queensland in the room, in-
cluding Ed Bunker; we got our information from people who

had been working for a couple of years with SUBDUE. I think

48



you want to consider that there is a difference on how you use
it, where you are located, the weather conditions, and every-

thing else — so look at the whole package.

JAY ALLISON: This is for Hudson Hartmann. How does
your steam aerator differ from commercial equipment, like the

Lindig steam aerator?

HUDSON HARTMANN: In principle, it would be about the
same. It is one that we decided that we would build ourselves
rather than buying a commercial one, but they all do the same
thing. They have an air stream going in with steam injected
into it. I don’t think there is any really great difference in prin-
ciple. |

RALPH SHUGERT: Wes, do you have any idea about costs
of SUBDUE? Secondly, have you experienced any control of
Phomopsis — thinking of its use on Juniperus sabina ‘Tamaris-
cifolia’ primarily.

WES HUMPHREY: Let me answer the last part first.
Phomopsis — no! don’'t expect it to do a thing for you there.
Not active with this group of fungi.

Pricewise, from what I understand in talking to CIBA-
GEIGY’S technical people is that SUBDUE isn’t going to be any
cheaper than other products now available but it will be com-
petitive with what is now on the market. You will be, in eftect,
paying a higher price for the actual chemical you are paying for
now in the formulated Lasan or Truban. But the activity level of
SUBDUE is 30 to 40 fold over the other materials so it doesn’t

make a lot of difference, but you could be buying a lot of dilut-
ant to use with it.

RALPH SHUGERT: Will there be more systemic action with
this chemical?

WES HUMPHREY: No, I would not expect so. Let me take
just a minute to explain what is probably a question in your
mind. The material is formulated as an EC, but with a trade
name they will call RIDOMIL. That will be the formulation they
will register for agricultural use. What I am saying is that the
RIDOMIL label will be for agricultural use, the SUBDUE label

will be for ornamental use.

VOICE: I want to know what determines the 140°F tempera-
ture required to get rid of the pathogens and yet not eliminate
the beneficial mycorrhizal fungi?

HUDSON HARTMANN: Well, there has been a great
backliog of work that has been done by plant pathologists over
the years; it was 40 to 50 years ago that this work was origi-
nally started and a lot of follow up work has been done. Some
of the articles by Dr. Baker, which are cited in my paper, de-
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scribes these studies. There has been really a tremendous
amount of work done by the plant pathologists, and 140°F for
30 minutes is the point arrived at which kills most pathogenic
organisms but not most beneficial ones.

HOWARD BROWN: Bruce, I don’t have a question but I
thought it would be appropriate to elaborate on what Tok
Furuta brought out here in regard to nitrogen fertilizer from
natural gas. We face a real problem in the state of California
now. Natural gas is the main heat source for the production of
ammonia, to result in nitrogen fertilizer. Two years ago we had
eight major companies manufacturing nitrogen fertilizers. Be-
cause of the rapid increase in the price of natural gas, all but
two of those companies have gone out of business. Mexico and
U.S.S.R. are making a great deal of nitrogen fertilizer now, sell-
ing it in the state of California and, [ imagine, in the rest of the
United States, for much less than our local people can manufac-
ture it for. The California State Board of Agriculture recently
passed a resolution sent to the Public Utilities Commission, and
other governmental agencies, recommending that the price of
natural gas be frozen for at least one year for the manufacturers
of nitrogen fertilizers — Union Chemical Company and Valley
Nitrogen — so that they can continue to make nitrogen fertilizer
domestically. What would happen if we got to the point where
we were depending upon an OPEC type of arrangement for pur-
chase of nitrogen {fertilizers?

PLANT PROPAGATION IN VIRGINIA

CHARLES PARKERSON

Lancaster Farms
Suffolk, Virginia 23435

Lancaster Farms is a small wholesale container nursery lo-
cated in the southeastern tip of coastal Virginia (zone 8b on the

U.S.D.A. Plant Hardiness Zone Map). Production is centered
around twenty genera of broadleaf evergreens and ten genera of
coniferous evergreen plants. Propagation is mainly by cuttings
using three different time schedules. Coniferous evergreens are
propagated between January 1 and February 15. Broadleatf ever-
greens for 1 gallon production are made during December, and
broadleafs for 2 and 3 gallon production are made between June
15 and September 15. A few items are propagated by seeds or
division.

Propagation Decisions. A propagation system starts with a
basic decision as to the type of production that works best for
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one’s business and climate. Since the bulk of our efforts are di-
rected to plants for 2 and 3 gallon production, this paper will
concentrate on this system. For many years cuttings were rooted
into 2%" rose pots during the summer and carried over in plas-
tic houses, being transplanted into 1 gallon containers the fol-
lowing spring. These plants were grown until fall or the follow-
ing summer when they would be shifted into 3 gallon pots,
being ready for sale the following spring after a flush of growth.
During the winter of 1977, we suffered severe plant losses due
to winter freeze damage. This caused us to take a hard look at
our production cycle. Plants, in general, were in our system for
one winter as a 1 gallon plant and two winters as a 3 gallon
plant. We were forced to reduce this winter exposure; con-
sequently, for the spring 1977 planting season, we took 24"
pots and planted directly into 3 gallon pots. At the time we
thought this was a bold move. Well, it worked and we found a
way to eliminate one winter exposure. After reading an article
by Sidney Meadows (3) in THE PLANT PROPAGATOR, we
shifted production from 2v" pots to larger 3” pots and began to

use multiple cuttings per pot to ensure that a big liner was pro-
duced.

Propagation Structures. Our basic propagation structure is
a simple poly pipe house 30 ft. wide by 96 or 144 {t. in length.
Benches are not used. Pots are set on a base of #5 crushed
stone 3 inches deep. A high quality city water used in the
propagation area eliminated the need for special high pressure
pumps, boosters, back-ups, etc. A Buckner #1124-4 Midget ro-
tary nozzle delivers 0.78 GPM at 40 PSI to provide both misting
during rooting and watering of the plants once rooting has oc-
curred. The nozzles are spaced 16 ft. between lines and 9 ft. be-
tween nozzles. A 100 mesh in-line filter is installed in each
house to ensure that small particles in the water do not clog the
nozzles. These rotary nozzles are not perfect — a little too much
water during the propagation phase and a little too little during
the growth of the liner — but they provide a happy medium
that we can manage. Fertility is supplied by injectors into the
water lines after rooting.

Houses are covered with a 4-mil co-polymer film in the fall.
We expect to get one full year’s service from this one cover.

Preparation. All houses are clean and ready to start the
propagation process around the middle of May. Houses are
filled with 3” pint plastic pots and the growing medium is
dumped on top of the pots and struck off with a board and
broom. The medium used is ground pine bark and sand to
which the following has been added per yard: 12 lbs dolomite
lime, 3 lbs 20% superphosphate, 3 lbs gypsum, and %z lb fritted
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minor elements. Every effort is made to have the air pore space
at least 25% by volume (4). Once the rooting medium has been
added to a house we do not allow the material to dry out but
keep it moist. Depending on the crop of cuttings to be made,
shade cloth (either 63% or 78%) is applied over the poly.

Making and Sticking Cuttings. We are so thankful for the
Plant Propagators Society for giving us the opportunity to see
what other nurseries are doing. In 1974 the Eastern Region
toured Greenleaf Nursery in Oklahoma. They have a system of
making cuttings that we have adopted. This procedure for mak-
ing cuttings is explained in detail by Kenyon (1) in a talk pre-
sented to this group during 1974. Briefly, this is what the sys-
tem includes: Each employee is issued the following: carpen-
ter’s nail apron, an adequate supply of #12 rubber bands, color

coded labels (Economy slip on type 5" in length), and a pair of
Snap-Cut #118 hand snippers. The rubber bands are placed into

one pocket of the apron and the coded labels in the other. All
production is on a piece-work basis. The worker makes cuttings
in the field preparing them by cutting to size {in most cases 5"
— the same length as the label), removing the lower leaves, and
placing into packs of 25 along with his color coded label. The
base of the pack of 25 cuttings is held with the rubber band.
The bundles are stored in an ice chest until picked up from the
field and transported to the greenhouse for sticking.

There is a separate crew for making and sticking cuttings.
This summer (1979) the rate for most broadleaf plants was $9.00
per 1000 for making the cuttings and $2.00 per 1000 for stick-
ing. Depending on the cultivar and condition of the cutting
wood, IBA quick-dip hormone treatment is used. We make up
the IBA solution using crystalline IBA and alcohol, as described
by Machen (2). Cuttings are stuck to a depth of 1 to 2 inches
and watered well. Mist applications are regulated by a series of
time clocks and electric timers.

The house is placed under a .regular preventive spray
schedule. Shade cloth is removed in October. Fertility is

supplied in liquid form until a tissue level of 2.0% nitrogen is
reached. The houses are left unheated until late February at
which time unit heaters are installed to prevent freezing until

planting in the field. Planting in 2 and 3 gallon pots starts after
the first full moon in April, which is the last frost date in our

area. By this time, we have had one flush of growth and have
started building the nitrogen level in the plants for the next
flush. By September many of these plants are ready for sale in
the smaller sizes that we offer. They are, for example, Ligustrum
lucidum, '5hs"; Euonymus kiautschouica ‘Manhattan’ 824" Ilex
crenata ‘Rotudifolia’ 1%/1s”., However, the bulk of the crop is
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ready for sale after a flush of growth the following spring.

Broadleaf Propagation for 1 Gallon Production. Cutting
and media preparation are the same as above. Cuttings are made
during December, stuck into deep flats, and placed into a poly
house with hot water pipes in the floor. The cuttings are spaced
about 2 inches apart. Humidity in the house is maintained by a
light mist and by hand sprinkling of the leaves and tloor sur-
face during the heat of the day, and at night by mist until the
plants are rooted. When roots begin to form (usually by early
January), feeding begins. A nice sized bare-root liner is ready
for the gallon can by early April. These bare-root liners grow
vigorously. I have often called this the 60 mile-per-hour theory.

The summer-rooted liner develops roots, makes a flush of
fall growth, and then is stopped by winter cold. It takes this
plant forever to get started growing again in the spring, for it
starts at zero speed. On the other hand, a cutting made in the
early winter produces roots easily. It is then left unchecked and
hits the field at planting time already going 60 m.p.h., making
flush after flush of growth. This rooted cutting makes a nice
plant for sale in September.

Coniferous Evergreen Propagation: The propagation of
junipers and other coniferous evergreens is done during the
months of January and early February. Cuttings are prepared as
described except that all receive an IBA quick-dip. The cuttings
are stuck into the same medium that has been described, in-
serted 12 by 1% inches apart into 3 gallon pots, and placed
into an unheated poly house. You might ask — why 3 gallon
pots ... why not beds or liner pots? Well, in our system it is
what works best. In the past we used ground beds but sanita-
tion was a problem. It is easy to become locked in on a
greenhouse for a particular crop with these beds. Flats work
very poorly for us because we seem to need additional depth to
promote good rooting. Shade is applied to the house in March
to reduce heat and plastic is removed in mid-April. All plants
are rooted by early June and the pots are moved out of the
hosue if the space is needed tor another crop of cuttings. The
rooted cuttings are planted into 2-gallon containers during July
and placed in the field can-to-can. In the late fall, after winteriz-
ing of the broadleaf crop, these 2-gallon plants are spaced then.
are ready for sale the next summer.
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NURSERY PRODUCTION IN ENGLAND
TOM WOOD

Oakover Nurseries Ltd., Potters
Corner, Ashford, Kent, England

INTRODUCTION

Among United Kingdom nurserymen there is an increasing
awareness in the need for specialization in the containerized
market for Garden Centres, which is particularly attractive to
marketing groups, and the awareness of the need for purpose-
grown stock particularly smaller feathered trees, potted shrubs,

and herbaceous plants.

Specialist producers are now concentrating either on land-
scaping and its plant requirements, high quality choice or up-
market plants for the plant enthusiast, heavy standards and
larger specimens for local authorities and, in particular, indi-
genous trees and shrubs which are used in considerable quan-
tities for conservation and the landscaping of industrial devel-
opments and roadworks. It is in this last specialist need that we
have developed our production technique and it is by relating
our own experiences to meet this need that I hope to convey
something of our own partlcular part in nursery production in
England Our development is very closely linked to our partici-
pation in the International Plant Propagators Society, with con-
siderable involvement and exchange of ideas and I hope to
demonstrate this as we go along. I would, theretore, like to in-
troduce Oakover Nurseries. We are some 80 acres in extent,
primarily on greensand which is ideally suited to the produc-
tion of nursery stock and forest trees. We were formerly a forest
nursery and developed seedbed and transplant techniques based
on forestry systems. This involved standardization of equipment
and the development on the tractor bed system commonly used
by the Forestry Commission and commercial forestry producers

(1).

THE NEED — BRITISH GROWN NURSERY STOCK

Some ten years ago we started to collect indigenous seeds
to meet the demand for this type of material; this need had been
created by a greater public awareness of our diminishing tree
and hedgerow population due to modern methods of agriculture
and to industrial development.
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During the early 1970’s there was considerable activity in
the need for conservation of our natural resources. This activity
has further increased with the disastrous arrival of Dutch elm
disease which has, in many cases, denuded the countryside,
and demanded immediate remedial action in the form of in-
creased amenity planting, particularly of such genera as Tilia,
Fraxinus and Quercus. Our development as a nursery has,
therefore, been guided at all times by the necessity to fill this
need.

Such plants were formerly produced in vast quantities on
the continent of Europe and imported cheaply; however, a de-
valuing British pound has meant that in order to remain com-
petitive the quality of some continental stocks has deteriorated
and our producing nurserymen, being fully aware of the value
of quality in understocks and its effect on the final product,
have, in expressing their dissatisfaction, turned to alternative
suppliers. This realization of the need for high quality at all
stages of production has been largely fostered by the increased
communication amongst nurserymen and the ready exchange of
ideas at conferences and meetings. Therefore, home production
competes most satisfactorily for this supply and conditions are
right for expansion and development of this specialist produc-
tion.

Having mastered some of the early problems involved in
increasing our range we then looked to the more specialized re-
quirement of the nursery industry and today we are producing
understocks and seedling liners for our own nursery industry.
Having established the need we are now confident and are turn-
ing over the greater part of our nursery to this type of produc-
tion.

The Seed. Our early experiences involved the collection of
home produced seed, the establishment of contacts on the con-
tinent and at home where seed could be purchased, and visiting
other nurseries to obtain details of their experiences and re-
quirements. The subject being very poorly documented we have
relied very much on the work of our own men and, in particu-
lar, that of Dennis Fordham who is now involved principally in
seed collection and production from seed. He has undertaken
considerable work on the storage, dormancy breaking and
stratification treatments and, in particular, calculations of bed
density to produce the optimum size of plant required by the
Trade and has presented a paper on this work to the G.B. & I.
Region (2). He has progressed his techniques since this presen-
tation and much of the new material I have today relates to his
experiences.

We have built up a large dossier on seed collection noting
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proven good sources of reliable performance and detailing op-
timum timings for observations of crop and collection arrange-
ments. The subsequent extraction treatment and storage of seed
is now handled systematically to ensure maximum collection
from our home supplies. This is the most important single fac-
tor in our production as availability of seed in Europe, and in
England in particular, is by no means certain from year to year
and, as many species do not store well, our own ability to col-
lect is reflected in the continuity of supply that we can offer to
our customers. There are very few reliable seed suppliers for
woody species and the seed supplied is often of inditferent
quality.

We have improved our handling and treatment techniques
and, with experience, are getting greater control, particularly
during the imbibing period when temperature and moisture
levels over variable durations must be considered for each
species (3). The use of warm and cold stratification to facilitate
embryo development and seedcoat breaking, together with hot
water treatment for waxy pericarps and imbibing periods to en-
hance and speed up germination are now standard practice and,
whilst we have avoided the use of acids, we have used gibberel-
lin to assist in germination of stored seeds, such as Nothofagus.
We still employ natural dormancy breaking by using the au-
tumn sowing method with Viburnum, Cornus and some Prunus
species. With the larger difficult-to-store seeds such as Aes-
culus, Castanea and Quercus we are grading the seed to size to
produce evenness of stand prior to autumn sowing.

In all of our sowing the aim is to produce the optimum
number of plants that will give either height or stem diameter
at the end of a predetermined period and these factors are con-
sidered in all calculations of bed density. Our normal cycle of

production is one or two years with intermittent undercutting.

Site facilities. The nursery must be capable of accommodat-
ing these operations. As many take place during the winter
period the site must be well drained and upon sandy soil; in
addition a sheltered position is desirable. Facilities and equip-
ment to provide these needs are necessary and the provision of
windbreaks is essential to ensure optimum growth.

There must be a readily available supply of water, particu-
larly at the time of sowing when treated seeds will be near the
point of germination and are at a most vulnerable time. Water
will also be needed to feed the crop and to replace any deficit
in the natural rainfall, but particularly when undercutting oper-
ations are considered during the main growing period. One
cannot overstress the need for good water on a seedling nur-
sery. Good buildings are also essential, in particular a large
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grading and packing shed where material can be handled safely
during the winter months and the high quality graded plants
can be kept safely prior to dispatch. Cold store facilities are also
an advantage and we hire such a facility for our material. Ma-
chinery to reduce the work load and handle the crop quickly is
also important and must be tailored to suit the system of grow-
ing. Our machines are, therefore, all of the standard bed width
that we have adopted and include gritting or sanding machines,
undercutting and lifting equipment and planters for the trans-
planted crop. We also have a specialist lifting machine for this
Crop.

Land preparation. We grow our crop on a three year rota-
tion, with two producing years plus one fallow (4). It is during
this fallow year that pernicious weeds are removed, the land is
sub-soiled and added manure ploughed in and cultivation
undertaken prior to sterilization; we do the latter using Basamid
at a rate of 340 lbs per acre to control autumn weed seeds and
some nematodes. The increased growth resulting from steriliza-
tion more than justifies the cost. Having sterilized in early au-
tumn the beds are left to go “‘stale’’ to await the earliest spring
sowings.

All sowings are made broadcast and seeds of the small-
seeded species are covered with %" grit. Sowing densities are
calculated by germination tests carried out under glass some 4
to 6 weeks before sowing. For the coarse seeds a cut test is used
(these are often sown in autumn in raised beds which give good
water drainage and are covered with the nursery soil). Bed den-
sities are all calculated on the basis of these tests and it is our
aim to sow the minimum number of seeds that will produce the
maximum density of uniform plants to the size that we require.
Sowing densities have changed over the last few years in most
cases giving a reduced population and an increase in the gual-
ity of the product. This is particularly important where under-
stocks are being grown, as opposed to the forest trees and
amenity plants that we were formerly producing, wastage levels
being far higher in the intensive grading operation of stocks.

Aftercare. Protection of the seedbeds with netting is neces-
sary for most species. We use different nets for different birds,
having found that the larger seeds attract larger birds and are
not hazarded by the smaller birds which may pass through the
larger net; however, on smaller seeds very fine netting is neces-
sary if losses are to be avoided. These losses have greater sig-
niticance than the numerical reduction of plants. The sub-
sequent reduced density can result in over-sized or badly feath-
ered plants where the calculated density is changed by this fac-
tor; e.g. feathers on Betula pendula (Syn.: B. alba) or Sorbus
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aucuparia where a clean stem was required for budding or
grafting.

Irrigation water is applied on a fairly dry regime in order to
encourage good rooting. Frost protection may be given on ten-
der species such as Acer campestre, Fraxinus excelsior, or
Hamamelis virginiana, where late radiation frosts are a hazard.

Feeding the crop is done using an organic 7:7:7 fertilizer at
7 to 10 day intervals during the growing season. Undercutting
commences in July, using a straight Egedal cutting blade; this is
designed to produce a dense fibrous rooting system. This tech-
nique is applied to both one and two year seedlings and may
result in some thickening of stem diameter due to reducing ex-
tension growth. Top trimming of some species such as
Crataegus has also been undertaken.

Pest and disease control is carried out by overhead spraying
as a matter of routine, the main problems being aphid, red
spider and associated mites and also mildews; for the latter a
regular 7 to 10 day programme of Benlate and Dinocap is used.

Potted liners. There has recently been a trend towards
container-grown trees, either as self rooted plants or as bench-
grafted specimens. We are now producing pot grown liners to
meet this demand. Certain Acer species, Liriodendron, Eucalyp-
tus and several conifers including Taxodium, Pinus, Cedrus,
Ginkgo and Cupressus species are treated in this way. It is our
normal practice to either direct sow or sow in trays under glass
and prick off into final pots of 7 or 9 cm. These are then grown
on under polythene tunnels or shading tunnels before being
hardened off in frames or unclad tunnels. Marketing of such
liners is undertaken at the end of the first year when they have
reached a height of 12 to 36" according to species.

Harvesting & Dispatch. This starts in late October with the
undercutting, lifting and clearing of the 2 year crop and the
undercutting and selected thinning of the 1 year crop. Selected
one year and, in some cases, two year seedlings are used to re-
line out to produce a transplanted crop, but many seedlings are
graded out for direct resale. The criteria used are stem diameter
and height, in the case of understocks, and height and ability to
feather in the case of amenity plants. The graded plants are
bundled and packed into polythene bags and may be held in a
strawed condition outside in open weather or in cold store prior
to dispatch.

We deliver all of our own plants using our own transport;
this service is very much part of our whole production and is a
major consideration with our customers. It is our hope to in-
crease our range of plants to provide a self-sufficient service to
our industry, grading to our own grower requirements upon
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their own recommendations following consultations. As our in-
dustry progresses and becomes more specialized this communi-
cation and understanding becomes more and more important
and we make a point of regularly meeting with our customers
for this purpose. It is in this last respect in the creation of better
knowledge and understanding in the spirit of true cooperation
that the role of 1.P.P.S. features in the progress of the nursery
industry.
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SEXUAL FLEXIBILITY IN PLANTS
PHILIP A. BARKER!?! and D. CARL FREEMAN?

1Pacific Southwest Forest and Range Experiment Station
Forest Service, U.S. Department of Agriculture
Berkeley, California 94701
‘Department of Biology, Wayne State University
Detroit, Michigan 48202

Finding and producing non-fruiting trees is an important
way of providing buyers with improved selections of landscape
trees, but unexpected sex expression of trees can thwart such
aspirations. Notwithstanding a possible mixup of budwood, an
ephemeral change in the sex of a tree or any other plant can
occur. Typically non-fruiting individuals occasionally may shift
towards femaleness and bear fruit. In other cases, plants that
normally have female sex expression, may shift in some years
towards maleness and have only male flowers and, of course,
no fruit.

From an ecological viewpoint, there seems good reason for
expression of sexual flexibility in plants. Because of immobility,
plant survival depends on the ability to cope in place, whatever
the environmental stresses may be. Charnov and Bull (3) pro-
posed that “labile sex determination (not fixed at conception) is
favored by natural selection when an individual’s fitness (as a
male or female) is strongly influenced by environmental condi-
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tions and where the individual has little control over which en-

vironment it will experience.”

Despite the probability of a plant’s inherent traits to shift
sex according to environmental constraints, sexual stability is

critical in producing non-fruiting

clones of trees. Incidents of

sex shift and possible physiological bases for this shift are pre-
sented here to support the use of genetically uniform rootstocks
to control sex expression of trees producing for landscape pur-

poses.

SHIFT TOWARD INCREASED FEMALENESS

Several commercially produced tree clones are unique for
their fruitlessness because they have exclusively male or asex-
ual flowers. But occasionally some trees of these typically non-
fruiting clones also will have female flowers that develop into
fruit (Table 1). Noteworthy are clones of silver maple (Acer sac-
charinum L.), green ash (Fraxinus pennsylvanica var. lan-
ceolata (Borkh.) Sarg.), thornless honeylocust (Gleditsia triacan-
thos forma inermis (L.) Zabel.), and prairie crabapple (Malus
ioensis (Wood) Britt.). Without exception, these examples of
fruiting or increased femaleness of typically non-fruiting clones
were associated with severe drought or unusually low winter

temperatures.

Table 1. Fruiting of typically non-fruiting tree clones.

Age of
Sex of trees
typical (estimated Location Refer-
Clone flowers  years) (U.S.A.) ences”™
Acer saccharinum ‘Silver
Queen’ Male 12 Michigan 2
15 Iowa 5
4 Nebraska 1
Fraxinus pennsylvanica var.
lanceolata ‘Marshall’ Male 4 Illinois 3
4 New Jersey 4
Gleditsia triacanthos
forma inermis; variously
named clones Male 4 [llinois 3
4 New Jersey 4
Malus icensis ‘Plena’
(Bechtel crab apple) Asexual,
flowers
double 10 Utah 6

* Personal communication: 1, Howard Edmondson, Marshall Nurseries, Ar-
lington, Nebraska; 2, Clifford Emlong, Emlong’s Nursery, Stevensville,
Michigan; 3, Alfred Fiore, Charles Fiore Nurseries, Inc., Praire View, Il-
linois; 4, William Flemer III, Princeton Nurseries, Princeton, New Jersey; 5,
Larry Sjulin, Interstate Nurseries, Hamburg, lowa; 6, Douglas P. Walton, re-
tired, Porter-Walton Nursery, Salt Lake City, Utah.
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Clones that characteristically bear only a moderate amount
of fruit also may exhibit erratic sex expression. For example, the
original tree, or ortet, of the Moraine ash (Fraxinus ‘Moraine’),
located in Dayton, Ohio, bears only meager amounts of fruit
(pers. communication, John Siebenthaler, Siebenthaler Nursery,
Dayton, Ohio). A group of 47 trees, or ramets, of this clone are
located in Berkeley, California. They were planted in 1963 as 8-
to 9-foot budded stock on green ash seedlings grown from seed
collected in Kansas and Oregon. Apparently the degree of
femaleness, as suggested by fruit yield, was markedly different
among these trees in both 1978 and 1979. The most pronounced
difference was in 1978, following two years of severe drought,
at which time 8 of the trees had abundant fruit, 7 had no fruit,
and the others had amounts varying between these two ex-
tremes (Figure 1). The variable degree of fruiting might be
linked to site differences, but there was no significant correla-
tion between fruit yield and tree size for either year.

20

—

»
T 1

AW
|

oo

Number of trees

B

. [
1 2 3 4
Fruit yield class

Figure 1. Frequency of fruit yield classes in 1978 {open bars) and 1979
(closed bars) of 47 Fraxinus ‘Moraine’ trees in Berkeley, California.
Fruit yield classes: 1, none; 2, meager, 3, moderate; 4, abundant.

A shitt towards increased femaleness has also been reported
in coniters. At Wooster, Ohio, male plants of three dioecious
species of yew (Taxus) have occasionally had a branch that
produced fruit (14). At Philadelphia, Pennsylvania, following a
drought year, conelets of several species of the monecious
spruce (Picea spp.) appeared to be basically male but had
female tissue of varying amounts. That is, instead of being typi-
cally male, some conelets were bisexual (22).

SHIFT TOWARD INCREASED MALENESS

Ephemeral or periodic shift of either an individual plant or
a plant species towards increased maleness is also evident. We
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monitored the sex expression of 46 trees of canyon maple (Acer
grandidentatum Nutt.) in native stands in northeastern Utah in
two consecutive flowering years, 1977 and 1979. The 1977
flowering coincided with a severe drought that had lasted for
several months. Precipitation was more normal in 1979. During
each of the two years 8 of the 46 trees had only male flowers
and 26 had both female and male flowers (Figure 2). Sex ex-
pression differed from year to year in the remaining 12 trees. In
9 of them there were only male flowers in 1977 and both female
and male flowers in 1979. The reverse was true of the other 3
trees; they had female and male flowers in 1977 and only male
flowers in 1979. A male-flowering tree selected in 1977 ifrom
these 46 trees would thus have had over a 50-percent chance of

fruiting in 1979.
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Figure 2. Frequency of 46 Acer grandidentatum trees by sex expression class:
1, only male flowers, 1977 and 1979; 2, both female and male flow-
ers, 1977 and 1979; 3, sex conversion; only male flowers one of the
years and both female and male flowers the other year.

These findings are supported by numerous reports of in-
creased maleness in various plant species when grown under
arid versus more favorable soil moisture conditions. Male plants
of five dioecious species in natural stands in Utah were most
abundant on sites considered to be under intense water stress
(5). Among a group of Norway maples (Acer platanoides L.)
planted in Stockholm, Sweden, exclusive maleness was higher
on poor, dry soil than on more moist sites (25). In the generally
dioecious bog myrtle (Myrica gale L.) proportionately more
male plants have been found in dry areas than in wet areas of
peat moors in the United Kingdom (4).

Ordinarily, the earliest flowers on young cucumber
(Cucumis spp.) plants are male; then with advancing age of the
plant, female flowers are also produced. Again, the expression
of exclusive maleness in cucumbers was stronger and of longer
duration in plants grown in dry, versus wet, soil (18).

Some plants provide evidence that stresstul temperatures
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promote maleness corresponding to the etfect of drought stress.
McArthur (17) observed significantly fewer female plants in a
plantation of the dioecious shrub Atriplex canescens (Pursh)
Nutt. following a mild fall and then a winter of unusually low
temperatures as opposed to previous years of more normal tem-
peratures.

PHYSIOLOGICAL BASES FOR SEXUAL FLEXIBILITY

Several deductions can be made from these reports of ap-
parent sexual flexibility in plants. First, the phenomenon is
evidently not unusual. As reasonably large populations of
plants are observed over successive years and under a wide
range of climatic conditions, certain plants within many species
will undoubtedly be found to vacillate in their sex expression
from year to year. That the sex of plants is genetically fixed is
not always valid.

But if sex expression in plants is not genetically fixed, then
how is it regulated? Evidence suggests that a delicate balance in
critical hormones influences sex expression. A shift in this
hormonal balance mediates a corresponding shift in sex expres-
sion (2,16). An increase of one hormone (from endogenous or
exogenous sources), or a decrease of another, may alter the sex
expression of a plant.

Cytokinins may be the most important group of hormones
regulating sex expression of plants. These plant hormones are
essential in the meiotic cell division of pistillate tissue of undit-
ferentiated flower buds in grape (Vitis) (20) and spider flower
(Cleome) (13), species of two widely separated genera. The ratio
of cytokinins to gibberellins was recently reported to determine
the sex of individuals of spinach (Spinacia oleraca L.) and
hemp (Cannabis sativa L.) (2). In these two species, female
plants resulted from a proportionate abundance of cytokinins.

Roots are considered a major site of biosynthesis of cytoki-
nins (2,15). Apparently the rate of cytokinin synthesis or trans-
port is strongly influenced by root environment (24). For exam-
ple, root systems subjected to water stress (drought) export low-
ered amounts of cytokinins via the xylem sap to the shoot sys-
tem (11,12,19). Similarly, the cytokinin supply becomes de-
pressed when roots are subjected to other stresses such as salin-
ity {9,10), flooding (1,21}, and heat {8,9). The similarity of re-
sponse to diverse environmental stresses suggests that plants

have a common regulatory mechanism which responds to en-
vironmental stresses, and this mechanism involves rapid change
in hormonal balance within a plant (24).

Hypothetically, then, an ephemeral shift in sex expression
in plants is the result of an unusually stressful environment that
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affects biosynthesis of cytokinin and possibly other hormones in
the roots which in turn affects the balance of hormones in the
shoot tips when flowers are sexually ditferentiating.

This hypothesis could account for the apparent shift to-
wards increased maleness in the canyon maple, discussed
above. That is, the drought preceding the 1977 tlowering season
inhibited cytokinin biosynthesis in the roots and export to the
shoots. Consequently pistil development was inhibited, result-
ing in repressed femaleness. In the case of all male-flowering
plants that year, the cytokinins possibly dropped to a threshold
level that precluded pistil development in any of the flowers.

But how does this hypothesis explain those instances cited
where typically male and asexual plants fruited? It is possible
that cytokinins normally are near a threshold level and that en-
vironmental stress lowers that level even further; auxins (6,7),
or other feminizing hormones, respond to this hormonal change
by accumulating to a proportional level that affects sex expres-
sion.

In the case of each of the tree clones and the canyon maple,
shift in sex expression has been observed in only a portion of
extensive populations from virtually the same environment.
This phenomenon can perhaps be attributed to the root system

of each plant which was of seed origin and therefore genetically
different from the others. As such, each root system probably

had a varying influence on hormone balance in the roots and,
therefore, on sex expression of the plant. Some root systems
may have been genetically more capable than others of affecting
sex expression of the top, as shown in grape plants (23). When
the same clone of a Sultana grape (Vitis vinifera L.) was grown
on three different rootstocks, the plants on one rootstock had
the highest concentration of cytokinin in the sap, the most
grapes per bunch (probably due to the most female flowers per
inflorescence), and the highest yield by weight. Further evi-
dence demonstrates that cytokinin atfects sex expression: the
gene for femaleness in the herbaceous annual Mercuriales
annua L. was discovered to be the gene that controls cytokinin
biosynthesis in the plant (16).

Indeed, if sex expression in plants is influenced by the
amount of biosynthesis in the roots of cytokinins or other hor-
mones, then stabilizing sex expression in typically non-fruiting
clones that occasionally fruit may be achieved by homogeneous
or genetically uniform rootstocks or by propagating clones on
their own roots.

[n summary, because of the plant hormone-environment in-

teractions that apparently influence sex expression in plants,
sexual flexibility in naturally occurring plants may be quite

64



common. But a shift in sex expression in commercially pro-
duced clonal plants in which sexual stability is desired is a

breakdown in quality control. The problem may be prevented

by clonal rootstocks or by “own root” production of clones, but
the effectiveness of either practice needs to be determined.
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MAXIMIZING SEEDLING GROWTH UNDER MIDWEST
CONDITIONS

HUGH STEAVENSON

Forrest Keeling Nursery
Elsberry, Missouri 63343

The economics of nursery production today call for grow-
ing the plant to desired size and finish in the shortest possible
time. I suppose this would be true with any nursery crop, save
possibly bonsai. And even here, to be economically feasible, the
rule would apply.

One of the more sage nurseryman put it this way: “We used
to take two or three years to produce a gallon can plant. Now
they never see a birthday.”

We are in-ground, or field growers. A specialty with us is
hardy deciduous tree and shrub seedlings of which we grow
several million and almost 100 species. About 100 acres, or
one-fourth of our nursery area, is devoted to seedling produc-
tion. These find their way into a number of markets in 49 states
— for canning and field lining, for understock, for various con-
servation and highway plantings. Many are of ideal size for
mail-order nurseries, for packaging, for hedging and other di-
rect uses.

With few exceptions, it is desirable, indeed economically
necessary, to produce the largest seedling in the shortest possi-
ble time.
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Of even greater importance is the fact that the younger
seedling is a superior performer. Time and again, over the
years, we have observed that, size for size, a one-year seedling
is far superior to a two-year or older seedling as to survival and
growth upon transplanting. The presumption is there is less
shock in transplanting the younger plant.

For example, one-year bald cypress (Taxodium distichum)
seedlings transplant readily. Two-year cypress seedlings are al-
most impossible to transplant. One year oaks (Quercus spp.)
transplant much better than two- or three-year seedlings. One
has to be some kind of a genius to get satisfactory sufvival with
two-year seedlings of white or scarlet oak, for example. Redbud
(Cercis canadensis), hawthorns {Crataegus spp.) Chinese
chestnut (Castanea mollisima), birch (Betula spp.), most dog-
woods (Cornus spp.}, Rosa spp., mountain ash (Sorbus au-
cuparia) all move with ease as one-year subjects but become
problem children when they remain in the seedbed longer.

Sweet gum (Liquidambar styraciflua) and tulip tree
(Liriodendron tulipifera) must be harvested with care even as
one-year subjects but are almost worthless as older seedlings.

One should never accept silver maple (Acer saccharinum)
liners older than one year. It is a challenge to get sugar maple

(A. saccharum) seedlings to the desired size in one year, but
they are definitely superior where this can be accomplished.

Many understock. growers believe they need two-year Nor-
way maple (A. platanoides) to get suitable caliper for budding,
but with the right seed source and cultural practices, we have
produced Norway maples of very adequate size in a single sea-
SOI.

Because of this general superiority of the one-year seedling,
we take several steps to push our seedlings to desired size in a
single growing season. This, of course, involves suitable seed

source and proper timing and/or pre-treatment of the seed. (The
subject of seed source, or provenance, as well as virus-indexing
is of critical importance. But this is another topic).

Generally speaking, we want emergence to occur as soon as
possible after danger of the last killing frost. Seedlings respond
best to their natural growing cycle; in addition, the longer the
growing period the greater the growth.

Of paramount importance is to locate seed beds on a choice
horticultural soil with ideal soil and air drainage. The produc-
tion of seedlings is such an intensive, costly pursuit that noth-
ing could be so penny wise and pound foolish as to accept any
but the best agricultural site and soil. In our case this is the first -
row of hills hugging the Mississippi flood-plain. Here the
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wind-blown loessal soil is the deepest and coarsest, occurring
in narrow ridges where soil and air drainage are excellent.

Again, this intense culture (about 50 times as intense as
general farm cropping) justifies a fertility -and soil building pro-
gram as best we know. We like to go through a perennial sod
crop of brome grass or fescue for two or more years, using this
period to make additional of major or minor elements to bring
the chemical fertility level and pH to an ideal, balanced state.
During this period the land may be grazed (and repeatedly fer-
tilized) but no forage is otherwise removed. The fibrous root
growth of these perennial grasses is unbeatable for building soil
structure.

This sod crop is then plowed under at least six months be-
fore preparing seed beds. Depending upon the season, a green
manure crop of grain sorghum or rye may be grown and plowed
down during this intervening period.

Now the soil is in prime shape, both chemically and physi-
cally, for growing seedlings.

But our soil building process does not stop here. At any
one time at least half of our seed-bed area is in green manure
crops. The one we really dote on is a hybrid grain sorghum
called ‘Tri-span.’ This is a fantastic grower, jumping up to six
feet in a matter of six or eight weeks. In addition to a large
amount of forage to turn order, 40 tons or more of dry matter
per acre, the vegetation is so thick and heavy that weed growth
is completely suppressed, thus depressing weed population in
the seed-beds that follow. We mow the ‘Tri-span’ three to five
times during the summer, allowing a build-up of organic mate-
rial on the soil surface.

We like to allow ‘Tri-span’ to grow right up to the time of
seeding the nursery crop. This means a tremendous amount of
“trash’’ to work into the soil surface by discing and does make
a somewhat rough, lumpy seed-bed. But the resulting soil aera-
tion has a definite beneficial effect on seed germination,
emergence and seedling growth. Indeed, the increase in germi-
nation percentage of this practice has allowed us to substan-
tially reduce our seeding rate. With the sky-rocketing cost of
tree and shrub seed, this is a most important plus.

Anyone who has surveyed in-ground growers across the
country is aware that many of the best of them use tremendous
quantities of animal manure with cover crops preceding their
nursery crops. There is no question that such manuring results
in lush, vigorous growth of nursery stock far beyond what can
be accounted for by the fertility elements contained in the man-
ure. Space does not permit a discussion of these extra benefits,
but they are profound.
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The only trouble is that manure is often not easy to obtain
and is costly to haul and apply. Several years ago we tied in
with an “egg factory’’ operating with 40,000 layer chickens. The
chicken manure accumulates in a large vat as a slurry and must
be pumped into a tank truck and hauled away almost daily. By
agreeing to take the product throughout the vear, the hennery
operator actually subsidizes us to keep it hauled away. During
the days we can’t get on our nursery fields with the tank truck
we spread the stuff on our pasture lands. It does stink to high
heaven and we try to catch the wind blowing away from neigh-
boring residences to keep peace in the community.

We apply four 1500 gallon tank-loads of the slurry per acre.
This gives us, in nutrients, about 264 lbs actual N; 324 1bs P,0s;

112 lbs. K,O; 3700 lbs. calcium; 200 lbs. magnesium; and small
amounts of copper, zinc, iron and boron.

All seed are sown on or near the soil surface, rolled in with
roller with narrow corrugations and covered with a bark-
sawdust mixture. We apply as heavy an application of this mix,
through a flail-type spreader to shred the bark, as we can and
still permit germinating seedlings to emerge. The rule of thumb
with a covering of soil or sand is twice the diameter of the seed;
however tree and shrub seedlings will readily emerge through a
much thicker layer of bark-sawdust — at least four or five times

the seed diameter.

There are obvious benefits from such a heavy organic
mulch cover. Many weed seedlings are suppressed. Surface
moisture is retained. Porosity of the soil profile is improved.
Moisture penetration is facilitated. Soil erosion and seed-bed
washing are reduced. Soil temperature and moisture at the seed
germination zone are more uniform, resulting in even stands of
seedlings.

Then there are other profound benefits from these organic
additions. The organic level and structure of the soil is en-
hanced. Indeed, it does take a lot of extra N to prevent nitrogen
deficiency as the soil organisms break down the bark-sawdust
applications, but this is like putting money in the soil bank —
the interest pay-back is great with such a high-intensive crop as
seedlings.!

! How much added nitrogen is needed to off-set any ‘‘nitrogen starvation” as
a result of bark-sawdust mulching will vary with the kind and proportion of
bark and sawdust. Bark breaks down much more slowly than sawdust and is
not such a nitrogen ‘“grabber” H.A.]J. Hoitink in discussing composting of
bark states; ‘‘Pine bark generally requires 1 lb actual N per cubic yard to

avoid nitrogen deficiency on plants produced in the mix after composting.
Hardwood bark in the Midwest requires at least twice as much N per cubic

yard.”
On the other hand USDA studies point out that ‘‘hardwood’ sawdust
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Perhaps more important is the affect these organic addi-
tions, including the chicken manure, have on the soil fauna and
flora. Though root nematodes are common with many species
we have been free of these pests for years and until recently
couldn’t account for this happy state. Then Dr. John B. Gartner
of the University of Illinois, visiting the nursery, pointed to the
work of Hoitink, et al, which demonstrated that hardwood bark
in a growing medium had a profound effect on the suppression

or elimination of nematodes.

The role of mycorrhiza in stimulating growth is well recog-
nized. For whatever reason most species of plants, following
generous chicken manure applications, exhibit heavy mycorrhi-
zal mantles. Presumably this is a factor.in the growth response
from the manure application.

One observes the stimulating effect of high organic soils in
other situations. Seedling growers in Tennessee and elsewhere
have followed a practice of sowing their seed in the duff of
freshly-cleared forest land. Here the growth can be phenomenal
and weed competition almost non-existent. This practice does
present the problem of constantly finding new forest land to

clear.

It goes without saying that proper soil moisture and pest
control must be maintained to achieve maximum growth.

Though our annual rainfall (35+ inches) is adequate for
normal plant growth, it does not necessarily come when
needed. Summer drought periods occur virtually every year and
supplemental irrigation is a must. We have considered every
type of irrigation system available and are convinced that
solid-set rotary sprinklers is the most feasible for our seed-bed
type production. This system has been highly developed by
people on the West Coast, and we have adopted it whole cloth

for our own use.

Regular spraying is done as required to control specific in-
sect and disease pests. The most pernicious pest in slowing

contains only about 0.2 percent nitrogen and must be brought up to approx-
imately 1.2 to 1.5 percent values if initial harmful effect on crops is to be
avoided. This would require the addition of approximately 24 lbs of nitrogen
per ton of dry wood. S .

From a practical standpoint the addition of needed N or P or other ele-
ments is no great problem. As a surface. seedbed covering bark-sawdust
mixes do not “‘blot up” N as when these fresh materials are worked into the
soil. Furthermore, the cost of fertilizer is such a small percent of the total

-.cost. of producing a seedling crop that frequent applications will be made to
the soil at a high-level optimum for plant production. Under our fertility
program we rarely see any indication of nitrogen hunger to the crop from

S bark-sawdust ‘applications.
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growth with a number of our species is leaf hopper. When kept
under control, growth will double or triple with some maples,
sophora, wisteria, koelreuteria, some oaks and certain other

species.

Aside from sanitation and cultural practices to hold down
weed populations, there are two basic approaches to controlling
weed competition. One is soil fumigation; the other is her-
bicides. We have used fumigation and have nothing against this
procedure. However, the complex of herbicides now available
seem to make this route more feasible for us. Herbicides are
treacherous, of course, and one error can be disastrous. But by
working closely with our college people, herbicides have re-
duced hand weeding to a minimum with minimal hazard to the
Crop.

Lastly, control of seed-bed population is essential to pro-
ducing the size plant desired. We used to shoot for a stand at
digging time of around 25 or 30 plants per square foot. Now the
typical stand is down around 10 p.s.f. With particularly high-
value crops such as Carpathian English walnut the stand will be
two or three plants p.s.f. Stand population is controlled almost
entirely by seeding rate, as thinning is usually impracticable.

ROOTING OF DORMANT CONIFER CUTTINGS
LARRY CARVILLE

Horticultural Associates
P.O. Box 235
Tolland, Connecticut 06084

The information presented herewith is based upon my ex-
perience as a propagator at wholesale nurseries in the North-
eastern U.S. The methods described are generally acceptable by
most successful growing operations east of the Mississippi
River. Specific references to Rhode Island Nurseries,
Middletown, Rhode Island result from my recent eleven years
in their employment as Production Horticulturist.

One of the keys to successtul propagation is to do things at
the proper time. This is true whether it involves taking cuttings,
transplanting into beds, or any of the other myriad operations
associated with nursery production. At Rhode Island Nurseries,
between 600,000 and 750,000 units are propagated each year
with a labor force of seven full-time employees in the propaga-
tion department. All cuttings are taken from plants growing in
fields of the parent operation.
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Propagation Methods. This discussion will concentrate on
propagation of conifer cuttings taken during their dormant

period. Webster’s Dictionary defines dormant as; ‘“‘inactive; as in
a resting or torpid state.”

The following plants are propagated as dormant cuttings
during the winter season:

Chamaecyparis obtusa cultivars J. horizontalis ‘Plumosa’

C. pisifera cultivars Thuja occidentalis cultivars
Juniperus chinensis ‘Pfitzerana’ Taxus X media cultivars
].c. ‘Hetzi’ T. cuspidata ‘Densiformis’
J. communis ‘Hibernica’ (Syn.: J. T. baccata ‘Repandens’

communis ‘Stricta’)
J. squamata ‘Meyeri’

The objective in producing coniferous evergreens is to take
a small cutting from clean stock plants, put roots on them and
four to six years later have a quality plant that may be offered to
the trade for a profit.

The medium used for rooting cuttings is sharp washed
sand. This medium is put in greenhouse benches which are
constructed of concrete, are closed on the sides and have bot-
- tom heat available. Temperature at the base zone of the cuttings
is maintained at 66 to 68°F. Several different root promoting
hormones are used, depending on the plant species and the de-
gree of ‘‘rootability.” Hormones include Hormex powders
number 3, 8, 30 and 45, as well as “‘Jiffy-Grow’’ in liquid form.

Cutting material is gathered from field plants in November
in the Northeast. Temperatures at this time of the year dip into
‘the low 30’s in the evening and days are bright and sunny with
the highs around 50 to 55°F. A killing frost can be expected as
early as November 20th.

Cuttings are stored in a large cooler maintained at 38 to
45°F. Sufficient material is taken on schedule so that cuttings
will be available during inclement weather. All conifer cuttings
are treated in much the same manner prior to sticking. Bottom
needles are either stripped from the base of the cuttings or cut
away using scissors or a knife. The basal end is given a fresh,
sharp cut, moistened slightly and dipped into the dry hormone.
Excess powder is tapped off the cuttings and they are ready for

sticking. In the case of the liquid “Jifty-Grow,” cuttings are
dipped into the 4 to 1 solution for 10 seconds, allowed to dry

and then are stuck in sand. About 10,000 to 12,000 cuttings can
be prepared and stuck in a day by having four men in the
headhouse making cuttings and two men up on the benches
sticking. These cuttings will remain in the greenhouses all win-
ter with occasional fungicidal sprays and pBI'IOdlC heavy
drenching with water.
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Dormant conifer cuttings respond best if the sand is permit-
ted to dry slightly between watering. A heavy watering is given
once a week under normal conditions during the early rooting
schedule. Water is applied from a hand held hose until excess
water drips from the bottom of the benches. Watering is done
early in the morning and all foliage is dry before late afternoon.
Wet foliage in a closed, heated house is an invitation to fungus
and diseases during the dark, cool winter days. No top ventila-
tion is given to the cutting houses until late February or early
March when roots are established. Ventilation is then provided
to retard top growth, harden the cuttings and to control devel-
opment.

By early April, the houses are ventilated daily and watering
must be done on a regular basis. Cuttings are allowed to
develop in the benches throughout April and May while ground
beds are being emptied to receive these new liners. No fertiliza-
tion takes place while the cuttings are in the greenhouse
benches.

Preparation for Planting. In early June, when danger of
frost has passed, the cuttings are prepared for the transplant
beds. All conifer cuttings are handled in a similar fashion.
Plants are pulled from the sand in bunches of 10 to 20, sand is
shaken from the roots, cuttings are graded, roots are trimmed
and the new growth is pruned. Cuttings are then plunged into a
solution of 1 to 40 Rapidgro (soluble fertilizer), drained, and
then packed into planting boxes. These plants may be planted
either by machine or by hand. Since the forced new growth is
very sensitive to full sunlight, lath shade is applied over the
plantings as soon as practical. Fifty percent shade is maintained
over all Taxus cultivars for the first two summer seasons.

New Developments and Methods. Recent experimentation
with plastic “Styro-Blocks,” ‘““Speedling”’ trays and container-
rooting of dormant conifer cuttings has shown many advantages
over the conventional closed bench, bottom heat method.

Another factor contributing to the development of new methods
is the escalating cost of energy. Most growers in the Northeast

are returning to cold frame production of coniters and are
scheduling around-the-year sticking. Although the rooting cycle
may be lengthened to 14 or 16 months, the unit cost of produc-
tion may be appreciably lower.

SUMMARY

Any system of rooting may be acceptable to any given
propagation facility. Factors such as cost, labor force, available
capital, turn-over time, and market demands must be carefully
analyzed. There is no perfect method for every grower. Experi-
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mentation is part of the challenge in propagation and only the
basic techniques remain static.

DON DILLON: We have time now for a question and an-
swer period for the papers that have just been given.

VOICE: Charlie, could you go over your juniper propaga-
tion again?

CHARLES PARKERSON: We try to do it the easiest possible
way. We copy Greenleaf Nursery’s system. Look for the article
that Austin Kenyon wrote back in 1974, in the IPPS Proceed-
ings (Vol. 24, p. 64). We copy him in total, except the size of
our cutting is 5 inches; we use a little brown wood at the base.
He said use electrical tape on your fingers — we might use
masking tape on our gloves to rip off the lower leaves. We don’t
prune off the leaves; we just rip them off, and do use IBA
quick-dip solution on the cuttings. Because of the bundles that
we are dealing with — bundles of 25 cuttings — we can’t get a
rooting powder to get good coverage, so we do liquid dips. We
stick them in, and then hand water them. We don’t put any
shade on the house — this is in January. When we get to about
the last week in February we start getting some higher tempera-
tures; if the temperature is above 32°F at 8 o’clock in the morn-
ing, we will air one end of the greenhouse; if above 40°F by 10
o’'clock we will air the other end of the greenhouse. We don’t
have any of these expensive fans and louvers to get all broken
down — we just open the doors. Then the last week in February
we put about 65% shade cloth over the top of the house because
heat seems to be our biggest problem. Then we are on mist —
and we watch it closely right on through; when we get around
the first full moon in April, we take the plastic cover off and
leave just the Saran cloth on. Some of these cuttings are slow to
root. I wish I could figure out how to do like my friend from
England does in rooting Leyland cypress, but we can’t root this
worth a darn. We have a lot of problems but we are learning a
lot all the time. Basically we use Greenleaf Nursery’s methods.

IAN TOLLEY: What temperatures can you maintain in your
houses with your heaters, bearing in mind the outside tempera-
ture. How much wind do you get on that structure? I am think-
ing of the 60 mph winds we had that flattened one that was al-
most identical.

CHARLES PARKERSON: The wind — 112 mph wind will
take one down, because we have experienced that. But the heat-
ers; we used to heat everything. Above all, heat them, we
thought. We tried to put lights in there too. It just didn’t work
for us. Look, we were thinking just like Dr. Furuta, down the
line. We said we must learn how to operate with the minimum
amount of heat. This year the heaters went on only twice. We
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had set the thermostats to come on at 35-36°F. We rotated
around, my secretary and everybody else — we take a night.
Tonight is your frost watch night. We don'’t trust those thermo-
stats, because it is so critical so each of us spends a night
down there. We are only talking about keeping above freezing
and, basically, the critical time comes from about 4 o’clock in
the morning until 8:30. It is that little period that we are con-
cerned with. A very minimal amount of heat is needed if at all.
If necessary, we do use some water. We believe in water for

frost protection.
LES CLAY: What kind of media are you using?

CHARLES PARKERSON: We are very fortunate in our area.
We have aged pine bark from a mill, already aged. There was a
talk (IPPS Proceedings, Vol. 28, p. 370) given last year at the
Southern meeting on the use of pine bark as a growing medium
that you should look up. The trouble with fresh pine bark in
our areas is of ever getting it wet. Once it dries out you are in
real trouble. We do anything that we can to make sure we get
25% air space in the medium. We don’t like a whole lot more
than that because we are wasting water, but we don’t want any
less than that. That is the range that we want. There was a talk
given in Chicago several years ago; I can’t remember the chap’s
name but he was from Wooster, Ohio. He gave a test for deter-
mining air-filled porosity, and there are several easy techniques

to determine that.

VOICE: On vyour burlap for winter protection, is this sus-
pended above the plants or laid directly on the plant?

CHARLES PARKERSON: When we were experiencing a real
freeze, I went home and we listened to our public broadcasting
channel. It was about zero degrees outside, and I was all torn
up inside; every plant that I owned was dead or dying and the
banker was calling, etc. Do you know what was on that TV pro-
gram? How to make an igloo. Maybe I can learn something from
the Eskimo. So we put this burlap over the top of the plants and
down the sides using junipers which have no frost problems in
our area. The plants are all winterized by jamming them as
close together as we can, and then this water is added. The
water is frozen; we try to put somewhere around % of an inch
of ice on top of this burlap at night before we go home. It can
be accomplished very quickly. When we come back in the
morning the ice is all gone. That ice layer is totally gone. It has
been sublimated right out into the atmosphere. So the cold isn’t
taking moisture from our leaf surfaces, it is taking it from the
burlap. So it seems to be working. I am not sure of all of the
physics- that goes with it, but it is a system that has worked
very well for us in the last couple of years. Yes, we lay the bur-
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lap right on the plants.

ARDA BERRYHILL: Three questions. One, does the burlap
stay on day after day, or do you take it off every day. Another
one, how many unrooted juniper cuttings do you place in your
3 gallon pot, and the third one, is there bottom heat under those
3 gallon juniper pots?

CHARLES PARKERSON: The burlap goes on just before
Christmas, and it stays on until the first part of March. We pro-
cess a fair number of roses; we handle them in the latter part of
February so, as needed, we take the burlap off of some plants.
They stay on one gallon plants the longest. They would be the
very last thing they would come off of.

In regard to spacing of the juniper cuttings, read Mr. Austin
Kenyon’s article again; he gives bed spacing on his junipers. I
have a template made up that is the same size as the pot with a
bunch of nails in it. So we say we are going to use the blue
board today. So they use the blue board to make indentations
giving the spacing we need. Let’s say that the space for Bar
Harbour juniper is one thing, San Jose juniper, of course, would
have to have a wider spacing. We color code everything. We
use the yellow one, we use the green one, we use the blue one,
the black one, or whatever; then people can’t make a mistake.

For your third question — no, there is no bottom heat in
these houses.

ALBERT NEWCOMB: Tom Wood, what pre-treatments do
you give your seedbeds before seeding?

TOM WOOD: What 1 should have explained is that we
grow this crop on a three year rotation, which means that we
produce a one year seedling, then we produce an undercut 2
year plant, which may be transplanted or may be thinned out.
At the end of two years we clear the crop; it is in that third year
— which is actually more important than growing the crop —
that we do our soil preparation. To start with, if necessary, we
use Round-up herbicide on any pernicious weeds. Then we do
a dry fallow, which is cultivation followed by a heavy dressing
of farmyard manure; we put on at least 60 tons to the acre. This
is plowed in and we then sterilize with Basamid. We use a
sterilant which kills mealworms, but more important it kills
weed seeds. Having done all this in the autumn and sealing the
ground over by rolling it, we leave the seedbeds stale, and by
that I mean we just run over the ground with a tractor and mark
out the spaces where the beds are to be. Then in the spring, as
the seed comes out of stratification — and that is why there is
an odd collection of plants — as the seed is ready we sort of
rake down the beds, and work in a little bit of superphosphate
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and sow direct. So there is a certain amount of hand prepara-
tion following that basic year of preparation.

VOICE: I am curious about your direct seedling method.
The seeds must be stratified, yet you plant them in an active
state of development. Do you have a set schedule for planting?

TOM WOOD: The short answer is no — we do not have a
set schedule. What we have done is this: we have endeavored to
split our seed bed area into two or more lots so that as the seeds
come on they can go into a respective area. We can control
seeds that are dry stored before they go into an imbibing situa-
tion. So if we have seeds that are virtually dormant, we can
then, by knowing the number of weeks of imbibing or pretreat-
ment that they need to bring them to germination, determine
what our sowing date will be. We do this with some species,
particularly where frost hardiness is a problem.

But, in the main, we are still in the stage where we go
through the normal stratification, say of a species like Prunus
avium, the sweet cherry; we have summer stratified it, then we
have been giving it a cool period in the winter, until the pits
start to crack and break. We may have to sow in February and
this is why we have to put frost protection on top. At the mo-
ment the seed becomes active we can’t hold it back. One of the
advantages of having it active is that you reduce the tield factor.
If the seeds are nearly at the stage of germination and we sow
them, often appearance of the seed above the surface ot the soil
takes only 5 to 7 days. As that period is a very short one, it
means that predators or rodents and things that would eat it
while it is at its most vulnerable stage have only those 7 days. If
we sow it when the seed is dormant and it takes 2 months to
germinate then they have a long time to find it and have a go at
it. The advantage of getting the seed to a germinable stage is
paramount when field factors are concerned and this is most
important when you are considering the density of the seed-
lings. It is not just the seedlings that you lose if the birds eat
them or if the mice eat them, it is the fact that the seedling den-
sity changes. Instead of getting a nice straight stem for some-

body to stick a chip bud onto or to use in some way to line out,
if the density is reduced you finish up with a plant that is

feathered all the way up. Nobody wants that, so the low density
is not just the loss of plants, it is the quality that is impaired by
the low density as well.

RALPH SHUGERT: What, if any, herbicides are you using
on your seed beds after the seedlings are up? Secondly, you
didn’t show a slide or I didn’t catch it of Tilia cordata. If you
are in Tilia cordata production, what is your formula?
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TOM WOOD: Answering your last question: We have
grown Tilia cordata but we still experience difficulty. We can
break dormancy of Tilia, but invariably we do it by natural
means; in other words, we give it warm treatment to break the
seed coat down in the summer, then we give it cold treatment
for embryo development in the winter. We find that the seed
germinates in March, which is still in our frosts. Probably the
way to do it would be under glass; it is an important species so
we have tried it but we are not really successful with Tilia at
the moment. So I really haven’t a lot of experience on that. We
can do Tilia platyphyllos quite well.

About the other question on herbicides: there are very few
herbicides we can put over the bed after sowing. We do pre-
emergent use of paraquat and if there are coarse seeds such as
Quercus and Aesculus and Castanea, which we also grow, we
make up a cocktail of paraquat and simazine, which we can
apply because the seeds are at a sufficient depth that we can
put simazine over the top; otherwise it is hand weeding.

RALPH SHUGERT: Tom, one other question, how do you
handle Taxus cuspidata seed?

TOM WOOD: We don’t grow Taxus cuspidata, but we do
grow Taxus baccata; I don’t know whether it is similar, but we
have had no experience with Taxus cuspidata.

PHILIP McMILLAN-BROWSE: [ was going to ask whether
Phil Barker had considered the age factor in relation to sex re-
versal in plants because, as you have already heard, I am inter-
ested in the sexual interests of plants since I am interested in
seed production. Certainly in Europe we have found that in
Asiatic maples, for example, that the young plants tend to pro-
duce male tflowers and the proportion of female to male flowers
increases with age so that, very often, old plants tend to be pre-
dominantly female.

The comment I was going to make, Mr. Chairman, was
simply to give you an example of “to seek and to share” in the
Charlie Parkerson tradition. About two vears ago Phil Baker
gave a paper in your Region on the propagation of Acer grand-
identatum. It is a plant that I never heard of so I wrote to him
for some seed. He sent me two samples of seed and I would like
to report to you now that I have got a nice little family of 200
seedlings of Acer grandidentatum in the U.K., which is proba-
bly the first time it has been introduced there from the wild
since it came in way back in 1880.

PHIL BARKER: That is, indeed, good news to hear. I hope
that your plants continue to survive and provide many people
with lots of pleasure.
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HUGH STEAVENSON: Phil, on some of the so-called seed-
less plants that do produce seed as you described, if you take
the seed and plant them and produce seedlings — what will
happen to those seedlings? Will they be normal as far as seed
production is concerned or will they revert to the parent charac-
teristics of being seedless?

PHIL BARKER: I will answer Hugh’s question first because
that is the easiest one for me, and then I will go back to
Philip’s. I have had no experience with germinating seeds pro-
duced from what are typically male plants. It would be my be-
lief, however, that those seeds would probably germinate and
develop into a satisfactory seedling if they have the hormone
composition that seeds of that species generally have. This is a
question that might be observed by somebody else, too.

Now back to the earlier question — had I considered the
age factor and the sex reversal in plants? Yes, indeed. I am well
aware that, in many species, the young plants have a predomi-
nance of male flowers and, with increasing age, these plants
have proportionately more female flowers. The examples given
in my Table 1 are age-referenced with that in mind. The maples
(Acer grandidentatum) that we studied in Utah were in a ma-
ture phase of growth.

VOICE: Hugh, how do you get sugar maple seedlings up to
a desirable size in one year?

HUGH STEAVENSON: Seed source is extremely important.
For example, in our area (Missouri) we have gotten seed from
the northern states — say Michigan. From these we just get
small plants in one year. Sugar maple is also native in our area
and if we can get local seed we will get 2 to 3 times the growth
that we will from the northern seed. That is one factor, and
then the various practices that I have suggested; obviously you
want to secure germination as early as you can in the spring.
The seedlings will take a certain amount of frost. You want the
longest possible growing period, you want the right cycle so the
plants are growing at their natural cycle, which means early
spring germination and with these various factors of growth
stimulant through good soil drainage, plenty of nutrition, and
plenty of water. In the case of the maples, one deterent of
growth in Missouri is the leat hopper. We have got to control
leaf hopper. We will get 2 to 3 times the growth of the maples
— sugar maple, Norway maple, and certain other species, when
we control leat hoppers.

DON DILLON: How do you control leaf hopper?

HUGH STEAVENSON: Various systemics. Orthene and var-
ious other systemics. Here in California I understand you don’t
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have leaf hopper.

VOICE: What sort of bark do you use in your seed beds? Is
it fresh bark?

HUGH STEAVENSON: It is generally fresh because we pick
it up about as fast as we can. Yes, it is fresh. Really no problem.
It is all hardwood. It will be a mixture of oaks, soft maple, sy-
camore, most anything. It doesn’t make any ditference.

VOICE: Do you broadcast sow all of your seed beds, or do
you drill the seeds?

HUGH STEAVENSON: Because of the problem of changing
seeders with a variety of species, we mostly hand seed. We
have been looking at a lot of drills, I am sure we are going to
come to some drill usage but there is such a tremendous varia-
tion in seed size. There are very tiny seeds; then up to acorns
and walntus and so forth. No one seeder is going to handle all
those different seed sizes. We do weigh out the seed, to cover
what might be a 400 foot seed bed. We have girls that can do a
reasonable job of spreading the seed broadcast. Then, some of
the heavier seed, like acorn, Kentucky coffee tree, and so on —
we do use drills to get them down in the ground a little bit.
With conifer seeds there is no problem. Weyerhaeuser and the
forestry people use drills for conifer seeds, but with broad-
leaved deciduous seed there is such great variation in seed
character and seed size that it is a real problem to use a me-

chanical drill.

PHIL BARKER: Gibberellic acid has been shown to enhance
growth of Acer grandidentatum seedlings. Have you tried this

with sugar maple seedlings?

HUGH STEAVENSON: No, Phil, maybe we are missing a
bet. Thanks for your suggestion.

VOICE: It appears that you have a fairly good stand of Tilia
seedlings. How do you overcome inhibiting factors in germina-
tion of Tilia cordata seed?

HUGH STEAVENSON: Tilia is a rough one, particularly T.
cordata, as Tom Wood has suggested. Really every now and
then we can get a darn good stand, but it is tough to come
through with an economic stand of Tilia cordata. As you
suggested, Tilia platyphyllos is somewhat easier and Tilia to-
mentosa may be still somewhat easier. Tilia americana is even
worse, though. Basically, we like to get the seed when we can
in the winter time; of course, it has got to have the seed coat
softened — unless you are using artificial scarification of some
sort. We sow the seed in June to get seed coat break-down in
summer, and then we get the after-ripening of the embryo the
following winter. One thing about Tilia, the seeds seem ready
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to germinate at the first break of spring, always before the last
killing frost, and it takes a lot of protection to get them through
that frost period. There is a fungicidal treatment of Tilia seeds
that gives much better stands. We are looking into it. But Tilia
cordata is a real toughie.

ED JELENFY: Larry Carville, how about root pruning in the
field. Do you do this?

LARRY CARVILLE: Essentially what is done is that we
plant a rooted cutting in a nursery bed for two years. After two
years the two-year liner is lifted, graded, trimmed and sized and
planted in the field by another planting machine. Let us stay
with just Taxus for a while. The four-year-old Taxus plant is
then lifted from the field again, graded, trimmed, and then
again transplanted. This transplanting of the four-year-old is
done manually. We make furrows in the field, we mark the
field, we plant with a nursery spade. When that same Taxus is
5 to 6 years old we have two options: it can be sold as a 5 year
liner, 10 to 12 in., or 12 to 15 in., or it is then lifted and trans-
planted one more time. Each time we transplant and trim the
roots, we are trimming the top, grading the plant. At Rhode Is-
land Nursery, when Taxus is sold they are sold pretty much by
size, and when a field is dug and, I am talking about 100,000
Taxus to a certain block, you generally size out all 18-24’s, 24-
30’s. Because of the constant handling and grading, quality in
the field is insured. The other process is obviously to do con-
tinuous shearing and trimming of the plant. It is expensive, it’s
high labor, but if you have a quality product, there is a quality
market that wants your item.

VOICE: Two questions with regard to yvour transplanter.
First, can you adjust the spacing between plants with the trans-
planter? Secondly, is it compatible with the “plug” production?

LARRY CARVILLE: Concerning the spacing on that particu-
lar planter, which is one from Europe and which was referred
to earlier by Tom Wood, we have tremendous flexibility in de-
termining the distance between the plants in the row. We can
do very little about the distance between rows; that is set at 6. It
is a 50 inch bed. But we could space within the row anywhere
from 2% inches up to 10 inches. You do this with the gear
changes; there are 12 different gear changes. You can set up any
type of planting spaces. The point that you bring up is obvious
— we were lessening our density of planting when we went to
the machine planter. We made up for it in terms of the produc-
tion schedule that we could take, the number of plants that
could be planted. Fortunately, there was sufficient land avail-
able so that we could expand.
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The second point that you brought up — could this particu-
lar planter take plugs? Yes, we can plant the plugs that come
out of the Styroblocks. We had a very nice 5-inch column of
cuttings on a peatlite mix; they went through the planter very
well. It could not be used for planting grafted plants because
we had that heavy root ball on it; they would just fall over as
the heavy wheel went around. We had another planter that we
used for grafted material which would insure that the under-
stocks went well into the soil.

HUGH STEAVENSON: Larry, you were referring to Rhode
Island Nursery. It is just a beautiful example of the old and
tried ways. If you are traveling East and want to see an example

of really the standard in Taxus and other production, you want
to stop and see Rhode Island Nursery. East of the Rockies, to

grow Taxus we refer to Rhode Island Nursery for the standard
of excellence in that type of production. One of the things that
they do is to plow manure under as heavy an application as
they can plow under. Then they get a lush green finish on their
Taxus when some of their neighbors, who don’t use manure on
their Taxus, are producing plants somewhat on the yellow side.
It is something to see, and if you are out there, have Larry show
you what Rhode Island Nursery is doing.

IRRIGATION REQUIREMENTS OF TRANSPLANTED
CONTAINER-GROWN PLANTS

N.P. MATHENY, R.W. HARRIS, J.L. PAUL

Department of Environmental Horticulture
University of California
Davis, California 95616

Container-grown plants often fail to establish in the land-
scape because of desiccation. Transplanted container plants can
suffer from lack of water since they usually have a large top
(leaf surface) compared to the volume of the rootball in the con-
tainer. In the nursery, they are irrigated frequently to keep up
with evaporative demand. When transplanted, the rootball pro-
vides almost all the water for transpiration until roots have
grown into the surrounding soil. Because of the limited amount
of available water in the rootball, the plant requires frequent ir-
rigation until it is established and can exploit the surrounding
soil for water. Infrequent irrigation after transplanting can there-
fore result in moisture stress.

Moisture Relations in Transplanted Rootballs. After plant-
ing, water supply to the top is limited not only by a relatively
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small amount of water in the rootball but water may be further
limited by water loss from the rootball to the soil surrounding
the rootball (Figure 1). Soil at the bottom of the container is
saturated (all pores filled with water), and the moisture content
decreases with height. When the rootball is removed from the
container and planted in the landscape, however, the soil sur-
rounding the rootball can withdraw moisture from the rootball
as the surrounding soil drains to field capacity or if the sur-
rounding soil is drier than the rootball. Water will be transfer-
red between the rootball and soil as long as moisture films are
continuous.

ROOTBALL MOISTURE
IN CONTAINER IN SOIL
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Figure 1. The soil moisture content profile of a container mix following irri-
gation of a rootball in a container and a roothall transplanted into
the soil. When a rootball is placed in the soil, water drains from the

rootball into the soil and may even be withdrawn below the field
capacity of the rootball by the surrounding soil. Adapted from
Spomer (3).

Because less water is retained in a planted rootball, a trans-
planted plant can dry out in a shorter time than when in the
container (2,4). Costello and Paul (2) reported that 24 hours
after irrigation, a loss of 85% of the water in transplanted one
gallon rootballs compared to a 38% loss in containers. Thus,
plants in containers that are irrigated every 2 to 3 days in the
nursery would need to be irrigated every 1 to 2 days when
planted in the landscape. Daily irrigation of many landscape
soils, however, results, in the soil remaining too wet, creating a
poor environment for root growth and function. If frequent irri-
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gation of the rootball could be done without wetting the soil
surrounding the rootball at each irrigation, the soil adjacent to

the rootball would be more favorable for root growth and func-
tion (1).

In this report two field experiments are discussed which
investigate the effects of irrigation on plant establishment. The

first experiment was carried out in the summer of 1978 and the
second experiment in the summer.of 1979. Shrubs grown in
U.C. mix (% coarse sand, %3 redwood sawdust) in one-gallon
containers were used. In the first experiment the objective was
to evaluate the benefits of frequent irrigations confined to the
rootball compared to frequent and infrequent irrigations to the
basin.

1978 Experiment. Comparing root and top growth of Escal-
lonia rubra given frequent or infrequent irrigations.

In July, 1978, 15 one-gallon Escallonia rubra {Ruiz & Pav.)
plants were planted at each of two locations: one with a sandy
loam soil and one with a clay loam soil. Thirty-inch diameter
basins were built around each plant and filled with 30 liters (8
gallons) of water. A collar of plastic garden edging was placed
at the top of the rootball and pushed into the soil at the soil/
rootball interface on five of the plants. The collars were filled
with 1.8 liters (0.5 gallon) of water every 2 days (Figure 2). Five
plants were watered every 2 days by filling the basin with 30
liters of water, and 5 basins were filled every 4 days. For 3
weeks following planting, wilting, necrosis due to desiccation

(burning) and plant survival were recorded.

Results. There was no visual difference between the re-
sponse of the plants in the sandy loam from those in the clay
loam, so the data from both locations were combined. All of the
plants irrigated in the collar and all of the plants watered every
4 days wilted between each watering. After 30 days, 20% of the
collar treatments and 30% of the 4-day basin plants had died,
with those surviving showing severe leaf damage. One half of
the basin plants receiving 30 liters of water every 2 days wilted
between waterings the first week and showed slight foliar dam-
age.

After the first three weeks of the experiment the number of
days between irrigations was increased as indicated in Table 1.

For 3% months after planting, trunk growth and root
growth were measured. The trunk growth was not significantly
affected by location, although root growth was significantly bet-
ter in the clay loam soil. The percent increase in trunk
crossectional area was significantly greater in those plants irri-
gated by basin every 2 days (Figure 3), but not between irrigat-
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Figure 2. Treatments for the 1978 experiment. One-gallon Escallonia rubra
plants were transplanted into the field soil and irrigated by filling
the basin with 30 liters of water or by filling the collar at the top of
the rootball with 1.8 liters of water.

/)

Table 1. Water Schedule for the 1978 Experiment.

TREATMENTS
Date COLLAR 2 DAYS/BASIN 4 DAYS/BASIN
July 20-Aug. 16 2 DAYS/ 2 DAYS/ 4 DAYS/
(32 weeks) 1.8 Liters 30 Liters 30 Liters
of of of
Water Water Water
Aug. 17 30 Liters 30 Liters 30 Liters
of Water of Water of Water
Aug. 21-Sept. 5 4 DAYS/ 4 DAYS/ 8 DAYS/
(2 Weeks) 1.8 Liters 30 Liters 30 Liters
Sept. 6 30 Liters 30 Liters 30 Liters
of Water
Sept. 7-Oct. 28 8 DAYS/ 8 DAYS/ 16 DAYS!
(7 Weeks) 1.8 Liters 30 Liters 30 Liters
and
16 DAYS!/
30 Liters
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Figure 3. Percent increase in trunk crossectional area of Escallonia rubra in
response to irrigation treatment in a clay loam soil and a sand loam

soil.

ing the collar every 2 days and the basin every 4 days. The
same relationship held true for the total number of roots.

The results indicate that water applied only to the rootball
every 2 days was not sufficient to keep up with transpirational
demand. When the basin was ftilled every 2 days, the soil re-
mained above field capacity and wet enough to supply water to
the rootball. If the surrounding soil was not rewet more often
than every four days, even though it was at or near tield capac-
ity, the soil could not supply water fast enough to the rootball
to prevent wilting and leat injury.

1979 Experiment. Evaluating treatments to prevent or re-
duce the transfer of water from the rootball to the surrounding
soil.

One way to reduce the loss of water from the rootball

would be to break continuity of moisture films between the
rootball and soil. A material with coarse pores placed between
the rootball and field soil could act as a barrier to water move-
ment due to its low conductivity of water. Preliminary experi-
ments showed that using sand and pea gravel sleeves between
the transplanted rootball and the field soil significantly reduced
water movement out of the rootball during the first 48 hours
following irrigation.

The 1979 experiment was designed to evaluate the effect of

a sand sleeve and frequency of irrigation on root growth of
Laurus nobilis plants. Sand was chosen as the backtill material
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(sleeve) because it would be a better medium for root growth
than gravel and should be effective in reducing water move-

ment out of the rootball.

In June, 1979, 72 one-gallon Laurus nobilis L. plants were
planted: 24 with the rootball in contact with the soil and 48
surrounded by a 2 inch sleeve of sand (Figure 4). Half of those
in sand were watered by filling the 30-inch basin with 20 liters
of water and half by filling a collar at the top of the rootball (as
described in experiment 1) with 2 liters of water. All plants
were irrigated either every 3, 5, or 10 days to determine the ef-
fect of slight, moderate, and severe water stress on root growth.
To monitor soil moisture changes, tensiometers were installed
with the sensing tip near the middle of the rootball. Tensiomet-
ers were also placed in the field soil 2 inches from the rootball,
or 2 inches from the sleeve. The moisture release curve (tension
vs. moisture content) was determined for the container mix and
using the tension values as a function of time, the volumetric
moisture content of the container medium was estimated.

TREATMENTS:
Soil/basin Sand/basin
CONTROLS:
Bi ‘ ..ﬂl‘{,’f.‘.'-'
' S Container
shoostall':lamoved shoot ?anl?md

Figure 4. Treatments and controls used in the 1979 experiment. The treat-
ments were irrigated every 3, 5, or 10 days with 8 replications in
each treatment. Tensiometer placement in the rootball and sur-
rounding soil is shown.

Three controls were used to help analyze the soil moisture
changes in the transplanted rootballs. The transplanted rootballs
lost water through drainage into the surrounding field soil and
evapotranspiration. To eliminate transpiration losses, the tops of
two control plants were removed. One rootball was planted in
contact with the field soil (soil/shoot removed) and one in a
sand sleeve {sand/shoot removed) with tensiometers installed in
the rootball and adjacent field soil. Finally, moisture losses due
to evapotranspiration were estimated by putting a tensiometer
in the rootball of a third plant left in the container. The con-
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tainer was placed into a hole in the ground to keep the rootball
at temperatures similar to the transplanted rootballs. About 2
inches of pea gravel were placed in the bottom of the hole so
that neither the bottom of the can nor the drainage holes were
in contact with the soil.

F; B . Y -~
o h_.o....
| i - SCE
| sand/shoot removed
.ﬁ.. ...... -ﬁ- ...........
....... .;;_‘_h
" gy
s0il/shoot removed
--.... ] soll/basin
"'--...___ N
sand/ basin -
O " A =0 200

HOURS AFTER IRRIGATION

Figure 5. Percent volume of the rootball occupied by water as a function of
time after one irrigation cycle for transplants watered every 10

days.

Results. The moisture content of decapacitated rootballs
remained higher when surrounded by sand than when in con-
tact with the soil even 212 hours after irrigation (Figure 5). This
confirmed the previous finding that moisture transfer between
the rootball and the soil could be reduced if a coarse-textured
material is placed between the rootball and the soil. However,
there seems to be no advantage in using this treatment with an
intact plant since there was little difference between the mois-
ture content in the rootball surrounded by sand or soil. No ex-

planation is apparent.

The rootball in the container maintained a higher moisture
level than any of the transplanted rootballs for the first 54 hours
after irrigation because no moisture was lost to the surrounding
soil. After 54 hours, moisture levels fell below those of the
transplanted rootballs. The moisture in the rootball in the con-
tainer was depleted to the wilting point 119 hours after irriga-
tion, while in the transplanted rootballs the moisture content
stayed above the wilting point for 188 hours in the sand/basin
treatment and 212 hours in the soil/basin treatment. This
suggests that water moved from the field soil into the trans-
planted rootballs. Costello (1) also found that water moved from
the surrounding soil into the rootball, although the transpira-
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tional demand for water soon exceeded the rate at which the
soil could supply moisture to the rootball. The Laurus nobilis
plants used in this experiment had a relatively smaller leaf area
to rootball ratio compared to the leaf area of the Liquidambar
plants used by Costello (1). Because of the lower water use per
rootball, apparently the field soil could supply enough water to
the rootball to keep the plants from wilting between irrigations
in the present experiment. However, it the plants had a large
leat area and water use per container was high, it is probable
that the field soil could not supply water to the rootball fast
enough to prevent wilting.

Five weeks after planting, the plants were dug, and the
number of emerged roots, root length, and root dry weight were
measured.

Root growth was best in the 5-day irrigation treatments and
the 3-day sand/collar treatment (Table 2). The poorest growth
was from the 10-day sand/basin and sand/collar treatments. The
3-day soil/basin and sand/basin and the 10-day soil/basin treat-
ments were intermediate in the amount of root growth.

Table 2. Growth of roots emerging from 1 gallon plants of Laurus nobilis
rootballs within 5 weeks after planting.

TOTAL ROOT NUMBER OF ROQOT DRY

TREATMENT Length (cm) ROOTS WT (mg)
IRRIGATION FREQUENCY |

3 DAYS

Soil/Basin 118.1ab* 58.2ab 11.5ab
Sand/Basin 159.9ab 70.6ab 15.7ab
Sand/Collar 203.2b 94.6ab 25.1ab
h DAYS

Soil/Basin 187 .4b 93.9b 2g.2b
Sand/Basin 279.9b 110.94ab 29,.1ab
Sand/Collar 250.5b 102.2ab 29.42ab
10 DAYS

Soil/Basin 110.08b 46.5ab 17.7ab
Sand/Basin 64.62 39,74 7.34
Sand/Collar 53.3ab 46.6ab 6.3ab

* Mean separation, within columns, based on Duncan’s Multiple Range Test
(59%) of Log transformed Data.

From this and other experiments connected with this study,
it appears that a lack of soil aeration in the 3-day basin treat-
ments and insufficient water supply in the 10-day treatments
could be the reason for the poorer root growth. However, when
only the rootball was rewet in the 3-day sand/collar treatment,

adequate water for plant use was provided, yet the soil sur-
rounding the rootball remained well aerated and was a favor-
able environment for root growth. This suggests that irrigations
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confined to the rootball could aid plant establishment under
conditions in which the surrounding field soil remains too wet
for good root growth between irrigations.

LITERATURE CITED

1. Costello, L.R. 1973. Water relations in transplanted container plants. Mas-
ter’s Thesis. Univ. of Calif., Davis. p. 45-46.

2. Costello, L.R., and }.L. Paul. 1975. Moisture relations in transplanted con-
tainer plants. HortScience, 10:371-372.

3. Spomer, L.A. 1974. Two classroom exercises demonstrating the pattern of
container soil-water distribution. HortScience. 9(2):152-153.

4. Spomer, L.A. 1978. The water relations of transplanted soil. American
Nurseryman, 147(9):13, 30, 32,

Ed. Note: Dr. Tsai Ying Cheng, Oregon Graduate Center, Beaver-
ton, Oregon, discussed her work on mass clonal propagation of
fruit and shade trees.

A SIMPLIFIED ENTRY INTO TISSUE CULTURE
PRODUCTION OF RHODODENDRONS

LYDIANE KYTE and BRUCE BRIGGS
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Olympia, Washington 98501

Some growers are asking if tissue culture is a tool they
should try. There is no single answer but with a few guidelines
and a modest investment answers are soon evident. In the past
two years Briggs Nursery has ventured into rhododendron tis-
sue culture production. This effort is backed up by 10 years of
interest and research support. A number of cultivars are now
beginning to come out of test tubes and into pots in significant
quantities. At this stage of production we feel it appropriate to
share some of our beginning experiences including a brief re-
view of starting rhododendrons in tissue culture and some of
the systems that have worked for us.

Growers looking for information on how to get started can
find help through many sources (5). Among these are agricul-
tural extension agents, colleges, experiment stations, libraries,
tissue culture and horticultural organizations, companies that
sell tissue culture supplies, and from nurseries engaged in plant
tissue culture. Courses in plant tissue culture are available at
the W. Alton Jones Cell Science Center in Lake Placid, New
York and many universities in the United States. The basic re-
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search for rhododendron tissue culture was accomplished by
Anderson (1).

Rhododendrons in tissue culture. Our original cultures
were started either by ourselves or other laboratories. There is
no particular way to tell when a rhododendron is ready to be
cut for starting in tissue culture. Usually the cuttings are taken
in a similar state to that for normal propagation by cuttings.
Two-inch cuttings are stripped of leaves and terminal bud then
washed in water with detergent. They are raised then placed in
a 10% solution of household bleach (5% sodium hypochlorite)
with a few drops of detergent for 15 minutes. While in this so-
lution they can be agitated by hand, by a magnetic stirrer or in
an ultrasonic cleaner. Next they are rinsed in a 1% solution of
bleach. Using sterile technique the basal end is trimmed and
each cutting is placed in a test tube containing sterile media.

If successful, the cuttings will prove to be uncontaminated
and start growing. Growth first takes place by development of
one or more axial buds. If it is going to happen at all such
growth usually occurs from two to eight weeks after starting.
The leaves produced in these breaks are very small. In addition
to the nodal breaks a green, granular tissue mass may form.
Each granule of this mass is a potential shoot.

The axial shoots are weaned from the original cutting in
two or three transfers by removing more of the original stem in
each successive transter. These early transters may be required
every two weeks as determined by the size or the deterioration
in color of the explant. As the shoots grow they may be cut into
1 inch sections and laid on fresh agar where they will produce
more shoots. Any tissue mass that has grown can also be di-
vided. In this way the multiplication stage is reached in a few
months from when the cutting was first taken. Later transfer
intervals should be six to eight weeks apart. It was of experi-
mental interest that some cultures which were held in a dimly
lighted refrigerator for a year suffered no ill effects.

Rooting. At anytime in the multiplication stage one may
wish to remove shoots for rooting and growing on. Shoots are
transferred to a sterile root-inducing, agar medium or removed
from sterile culture and placed in a growing mix in a covered
or misted container. In either case roots appear in about two
months. In six months to a year they produce normal size
foliage and are ready for gallon cans. The few cultivars we have
observed through blooming stage appear true to form. More ex-
perience is needed to evaluate genetic stability both in general
and on specific cultivars.

To root rhododendrons while still in sterile culture, we
maintain the sugar concentrations (30 g/l), eliminate 2IP, IAA, and
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KI, reduce the remaining constituents to s strength, and add
activated charcoal (Gibco, 600 mg/l) (2,4). Our work indicates
that rooting occurs soon, (one month in some) in agar contain-
ing only sugar (30 gm), IBA (5 mg), and activated charcoal (800
mg/l).

Greenhouse rooting of tissue cultured rhododendrons. An-
derson has discussed some of the problems of rooting tissue
cultured rhododendrons in soil mixes (3). We use peat, perlite,
decomposed bark (1-1-1) with a covering of screened sphagnum
moss. Flats, trays or 4" pots are satisfactory for rooting.
PLANTCON covers fit over 4” pots to make a desirable covered
container. The constant temperature and light of a controlled
growth room are ideal for this demanding stage of development
(6). As soon as plants are rooted, then hardened to greenhouse
conditions, they are transplanted to individual cells.

Facilities. The first laboratory at Briggs Nursery was an old
kitchen adjacent to the office. The first growth room was a back
closet with lighted shelves. A homemade transfer chamber with
an ultraviolet light and a small (1’ X 2’) HEPA (high efficiency
particulate air) filter was satisfactory for transferring (5). This
chamber was located in a closed off corner of an existing
greenhouse. More lighted shelves for tubes were added in
another corner of the same greenhouse. With these simple
tacilities, we multipled the cultures to about 3000 tubes.

In a tew months we outgrew our original facilities. A three
room laboratory was built within a new greenhouse with room
for expansion. The 15’ X 15’ media preparation room is ba-
sically a home kitchen with storage, stove, dishwasher, re-
frigerator, and sink. A faucet with deionized water leads from a
treatment tank in an adjacent restroom. Next to the media prep-
aration room a small corridor has sliding glass doorways which
open into the transfer room or the tube room. The 10" x 10’
transfer room contains an eight foot commercial laminar flow
hood (transfer chamber). Air is blown through the HEPA filter
providing sterile air in which to work when transferring. The
tube room is 12’ X 18’. It has a total of 400 square feet of shelt
space which can support approximately 20,000 cultures or
200,000 or more potential plants. The cultures are 18" from the
fluorescent lights and receive 100 to 250 foot candles of light 16
hours a day. Most of the fluorescent tube ballasts have been re-
moved and placed in an adjoining room to eliminate excessive
heat in the tube room. Pass-through windows allow material
flow between the preparation room and the transfer room and
between the transfer room and the tube room. Temperature is
controlled between 70° and 80°F with air conditioners and elec-
tric wall heaters.
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As we expanded, the plastic racks which hold ten test tubes
required too much room and handling. An excellent off-the-
shelf tube holder was found in the 128 hole, 2" deep SPEEDL-
ING plastic foam tray commonly used for seedlings. These shal-
low, square-holed trays hold the tubes on a slant, are light-
weight and easily moved. In our search for economy of room
we also use 25 mm deep plastic petri dishes and PLANTCONS,
a much taller dish we use for rooting.

Media Preparation. The agar media we use are Murashige
and Skoog formulae as modified by Anderson (1) as given in
Table 1. Nine liters of medium are mixed at one time in an
enamel pan. As the chemicals are added to deionized water to
mix the formula they are checked off on a list of ingredients.
An adequate balance for weighing chemicals can be a major ex-
pense. We bought two used balances, a ROLLER SMITH, which
weighs up to 500 milligrams, and a HARVARD balance for
larger quantities. No weighing is required if a grower buys
pre-mixed media. We use an inexpensive pH meter to bring the
media to a pH of 4.5. Some commercial mixes have the pH
pre-adjusted.

Table 1. Rhododendron medium (Multiplication).

Chemical Mg/l  Chemical Mg/l
Sucrose 30000.00 Magnesium sulphate 370.00
Inositol 100.00 Manganous sulphate 16.90
Adenine sulphate 80.00 Zinc sulphate 8.60
Ammonium nitrate 400.00 Copper sulphate

Potassium nitrate 480.00 EDTA 74.50
Sodium phosphate [monobasic) 380.00 Ferrous suiphate 55.7
Boric acid 6.20  Thiamine hydrochloride 0.40
Sodium Molybdate 0.25 [AA 1.00
Calcium chloride 21P 5.00
Potassium iodide 0.83 Agar 6000.00
Cobalt chloride 0.03 {pH 4.5)

The medium must be heated to dissolve the agar (which is
a gelatinous extract from seaweed) in it. We heat the medi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>