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FOREWORD

Since 1920, large increases in productivity have been achieved with agricultural plants
such as corn, but no comparable increases have been attained with woody plants. Thus, in
the last 10 years, increased attention has been focused on the need for more intensive silvi-
cultural practices to increase fiber production per unit area of land.

: Populus clones are currently being examined for use in intensive silvicultural systems

-because of their rapid growth, ease of propagation, and high utility for a variety of wood-fiber
products (Schreiner 1959, Cram 1960, Larson and Gordon 1969, Dawson and Hutchinson 1973).
Because more Populus species and variants are available than can be reasonably field tested,
. a'rapid technique for selecting superior clones must be devised. A desirable technique must
be simple and fast, in contrast to field-growth studies that might take from 3 to 20 years and
would occupy large areas. If controlled-environment growth studies and physiological indi-
cators can be used to select genotypes capable of rapid growth, field trials can be smaller, with
attendant savings in time, effort, and money.

‘The chances of successful early selection of poplar clones are enhanced by the genetic
. constancy of clonal material, by the great amount of knowledge about poplars and their culture
already accumulated, and by the well-defined cultural conditions and relatively short rotations
used in the intensive silviculture systems now emerging (e.g., Larson and Gordon 1969).
Intensive culture and short rotations, particularly, improve the chances of successful selection
because environmental variation and time are both small.

For maximum efficiency, early selection systems must be integrated with overall yield
. improvement efforts. Selection systems should also be capable of continuous improvement
while in use. The early selection methods described here are to be used in the yield improve-
ment mcdel illustrated below.

PHYSIOLOGICAL FACTORS

PHOTOSYNTHESIS @

RESPIRATION
ASSIMILATION __@
ENZYME ACTIVITY
? SHADE TOLERANCE ﬂ@
PLANT DENSITIES LIGHT INTERCEPTION
AND MIXTURES —l l“ MODEL
SIMULATION
MODELLING
OF GROWTH
AND YIELD

GROWTH RELATIONSHIP BETWEEN FIELD
AND CONTROLLED ENVIRONMENT

SELECTION INDICES |—(3)

DATA INPUTS
1=FIELD
2 = GREENHOUSE
3 = GROWTH CHAMBER
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Described herein are methods of propagation, culture in controlled environments, and con-
struction and testing of selection indices for poplar clones. The next obvious improvement is
the use of physiological, as well as growth, measurements to improve the predictive capability
of selection indices. Such possibilities for poplars have been examined (Gordon and Promnitz
1976) but will not be discussed here.

The primary objective of this manual is to describe, for researchers in intensive poplar
culture, ways of using controlled environments to select clones that have a high probability
of rapid growth in the field. Our system has some limitations: We have no guidelines yet for
eearly selection for insect and disease resistance, nor for resistance to extreme environmental
stress (late frost, drought). We can identify clones with high growth potential relative to the
tested group of clones and we can make probabalistic statements about the stability of per-
formance across environments for tested clones. J. Gordon and L. Promnitz
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_ PROPAGATION OF POPLAR CLONES
FOR CONTROLLED-ENVIRONMENT STUDIES

R. Faltonson, Research Facilities Supervisor,
Forestry, Iowa State University, Ames, Iowa,
D. Thompson, Research Assistant, Department of Forest Science,
Oregon State University, Corvallis, Oregon,
- and J. C. Gordon, Head, Department of Forest Science,
Oregon State University, Corvallis, Oregon

- - Producing Populus clone materials for research
necessitates an efficient, reliable, uniform system of

- vegetative reproduction: efficient, in the sense that
there be little time lag between demand and mate-
rial availability; reliable, in that materials should

_be available with reasonable expectation of success;
and uniform, in that growth studies should not have
to cope with a great deal of variability in plant size,
form, and vigor.

We have developed a system using greenhouse cul-
. ture of stock plants, and an intermittent-mist system
* for vegetative propagation of softwood tip cuttings.
The system described here may prove practical not
only for research, but for nursery production and

l . forest industry intensive-culture systems. We have

also begun development of a tissue culture, nutrient-

film technique method of poplar propagation, which
- provides savings in propagating “easy” poplars, and
“hope for mass propagation of “difficult” ones.

,I_ntermittent-Mist Facilities

- Propagation of leafy cuttings requires that a high-

*-humidity environment be maintained. Without such

‘an environment leafy cuttings quickly become
stressed, and fail within minutes.

~The intermittent-mist system maintains a film of
water on the leaf surface from the time of sticking
- (placing new cuttings in the mist bench) until roots
are well established. An intermittent mist is desir-
able to reduce excessive leaching of nutrients from
the leaves that would result from a continuous mist.
- The system is composed of a bench, water source,
line strainer, solenoid valve, mist line, nozzles, and
a control unit.

1. We use elevated benches made with asbestos
- bottoms. and sides, supported by a galvanized pipe
structure. This construction is preferred over wood

because of the continual wetting of the surface from
the mist, and because algae accumulations can be
more easily cleaned from the metal and asbestos sur-
faces. The pipe frame also allows better air circu-
lation under the benches.

Bench dimensions can be adjusted to meet the
needs of the operation, size of the propagation area,
available water pressure, and spread of the mist noz-
zles selected. In a 20- x 20-foot greenhouse bay, three
benches (18 x 2.5 x 0.5 feet) will fit nicely. This pro-
vides ample working space between benches and ad-
equate access to the perimeter of the benches. A bench
height of 45 inches provides a comfortable work area.

2. The water source is important; water high in
calcium and magnesium salts will result in un-
sightly and perhaps detrimental accumulations on
leaf surfaces. Although often not economically prac-
tical, steam distillate as a by-product of the green-
house heating system makes an excellent choice.
Where standard water sources are unacceptable, an-
other alternative is to construct a rainwater im-
poundment. Water cycled through a water softener
should not be used.

3. Line strainers with 100- or 200-mesh screens

~ should be placed in between the water source and

any booster pump, solenoid valve, or mist nozzle. The
strainer filters out damaging particles and thereby
protects mist system components.

4. The solenoid valve is an electrically activated
valve in the water line. Its function is to provide an
intermittent flow of water, and it is interconnected
with the control unit. Two types of solenoid valves
are available: normally open and normally closed.
The normally open type is preferred if power inter-
ruptions are expected. Because it opens when the
current is interrupted, a power failure will not de-
siccate the cuttings—the mist will run continuously



as long as the power is off. Waterproof solenoid valves
are also desirable. This can be accomplished by cov-
ering the valve coil with a silicone sealer. The so-
lenoid valve should be located below the level of the

mist line to avoid dripping of the mist nozzles during
the off cycle

) 5. The mist lmes may be made of iron pipe, PVC

~ (plastic), or copper. The lines should be of sufficient
diameter to serve the pressure needs of the system.
Several commercially available mist systems may
be selected, depending on preferences dictated by
use, d\_lrabxhty, and initial cost.

~ PVC has become increasingly popular because of
its ease of assembly and low cost. Iron pipe is difficult
to fit. Copper tubing is initially more expensive, but
isdurable, fairly easy to work with, and is essentially
trouble-free. Also, copper fittings are readlly avail-
able through local plumbing supply outlets.

'6. Two general types of mist nozzles are availa-
ble: deflection and oil burner. Deflection nozzles op-

~erate by water striking a flat surface, which may be

simply a wire located above the orifice, or a solid
metal or plastic deflection plate. Several types of
deflection nozzles are available. Some are specially
constructed for PVC systems, and all are relatively
- trouble-free. Oil burner nozzles work on a principle
of whlrlmg the water through the orifice. This type,
‘though often more expensive, is very durable, par-
ticularly when equipped with a stainless steel tip.

The oil burner nozzle is also better suited for situ-
ations requiring water conservation, since the de-
flection nozzle uses considerably more water. Oil
burner nozzles work well at 30 p51, while deflection
nozzles may require 50 to 60 psi to obtain the fine

. mist desu'ed

The nozzles may be placed on the mist line in a
number of ways. Some are positioned on risers suf-

ficiently above the line to clear the plant materials,
*'while others may be positioned on overhead lines
_ directed downward. Another method is to elevate the
_mistline, with the nozzles teed from the line upward,
to provide a uniform umbrella of spray over the bench
surface. The line can be located approximately 10
inches above the bench, with the tee and nozzle ex-
tending an additional 5 inches. This provides excel-
lent access to the bench without interference from
lines and nozzles. It allows for maximum distribu-
tion of the mist spray, and the line is easily reached
for maintenance without disturbing plant materials
on the bench. Overhead lines with nozzles directed
~ downward tend to drip more freely, and the mist line
must be recharged with water with each “on” cycle

o

because of water lost through dripping. This causes
problems with uniformity, because the nozzles are
activated beginning with the nozzle closest to the
water source and progressing outward.

Depending on the type of mist nozzle selected, noz-
zles should be spaced from 2.5 to 3 feet apart. The
primary consideration is to provide uniform coverage
over the surface to be misted. Natural drafts and
drafts associated with the heating and air circulation
systems may make closer spacing more desirable.

7. The control unit must regulate the mist cycle
so that leaf surfaces of the cuttings are wet at all
times. Five general types are available: (a) electronic
leaf, (b) thermostat, (c) counter- balance, (d) photoe-
lectric, and (e) clock.

The electronic leaf is a sensor made up of two
electrodes. As the water film evaporates from its sur-
face, simulating a leaf surface, the electrical current
between the electrodes is broken, activating the mist
cycle until the surface is wet again. ,

A thermostat control monitors the temperature
of the leaf surface. As the water evaporates, the tem-
perature rises to a critical level, activating the mist
cycle.

The counter-balance control is regulated by a
simulated leaf surface, normally a wire screen sur-
face. This is counter-balanced with a weight at the
opposite end; the assembly is then hung on a fulcrum
with a mercury switch to activate the solenoid. As
water evaporates from the screen, the imbalance
causes the weight to shift, allowing the mercury switch
to turn on the mist system. Algal and metallic salt
accumulations cause this system to lose its precision
over time and periodic cleaning of the screen is nec-

essary.

Photoelectric cells work on the relation of light
intensity and evapotranspiration—the higher the
light intensity, the more frequently the mist cycle is
activated. They are used, but not commonly.

Control units utilizing clocks, which may be
hooked together to provide just about any uniform
mist cycle over a 24-hour period, have been success-
fully employed by many propagators. Normally two
clocks are hooked together to provide on and off pe-
riods for day and night, and mist cycles within the
on period of about any duration desired. This system
has been employed by Iowa State University re-
searchers and has proved most reliable. One time



clock is used for the 24-hour day ight sequence with
 the second clock providing 30-second mist bursts.

Different mist cycles will be dictated by environ-
mental factors such as relative humidity, light in-
tensity, and temperature. Closer frequencies, even
continuous mist, may be required during summer
months. Fresh, succulent cuttings may require a con-
tinuous mist for the first 2 or 3 days during daylight
hours. High temperatures and light intensities in
late spring and summer cause stresses on the fresh

- cutting that must be neutralized. Populus cuttings
. do not appear to be severely affected by nutrient
leaching that would otherwise make a continuous
mist undesirable. For most circumstances, a cycle of
30 seconds on and 30 seconds off is adequate.

'The interval between mist bursts may be length-
ened during winter. Thirty seconds on and 2.5 min-
utes off has worked successfully, but propagators must
vary the cycle according to weather and condition of
cuttings.

Misting during the dark should be avoided when
possible to prevent disease. In practice, however, dark-
pperiod misting may be necessary, particularly during
‘the winter when the heating system can lower rel-
ative humidity considerably. One or two mists dur-
ing the dark period is ordinarily sufficient.

The primary purpose of the intermittent-mist sys-
tem is to allow as much light as possible without
stressing the cutting. However, shading may prove
desirable during high light intensity periods of early
summer. Shade cloth can be hung above the bench,
but it should be high enough to ensure good air move-
ment within the cuttings. Incandescent lights to ex-
tend the photoperiod to 18 hours are also used.

- Special circumstances, or individual preferences,
. may require mist durations of less than 30 seconds.
For example, cuttings propagated with flower buds
.intact, although ordinarily not acceptable, may be
needed for hybridization studies. A 30-second mist
provides too much moisture and will damage the
catkin. An additional timer allowing 1- or 2-second
bursts can be added to the system to accommodate
such special situations.

Bottom heat provided by thermostatically con-
trolled soil cables is helpful, especially during win-
ter. Air temperatures of 21 to 24°C and bottom heat
temperatures of 3°C higher than air work well. The

“bench temperature does not appear significant dur-
ing late spring and summer propagation periods. This

is probably due to the propagation medium absorb-
ing heat and naturally retaining somewhat more
warmth than the surrounding environment.

Stock Plants

A reserve of stock plants must be maintained in
the greenhouse to supply cuttings. A schedule should.
be established to provide suitable cuttings whenever
they are needed.

A good cutting comes from a vigorous stock plant
showing no signs of disease or serious insect infes-
tation. Although succulence leads to susceptibility
to pathogen attack, it is the nature of Populus that
vigor and succulence are virtually inseparable. Be-
cause some succulence will have to be accepted, lat-
eral cuttings are preferred over apical. The carbo-
hydrate-to-nitrogen ratio has been suggested as the
primary influence related to succulence and rooting
ability. High nitrogen and low carbohydrate concen-
trations provide soft, succulent tissues that often de-
velop stem rot. This may be offset somewhat by using
lateral shoots as previously suggested, by reducing
fertilization somewhat, and by reducing the amount
of water provided the stock plant.

To provide a continuous supply of cuttings through
the year and to maintain stock plant vigor, a rotation
schedule should be followed. Stock plants are most
productive if changed every 4 or 5 months. The 4-
month schedule offers the most cuttings over time,
with the 5-month schedule extending the use of the
stock plant for one more cutting collection.

A 4-month rotation can be set up to provide cut-
tings every 3 weeks throughout the year. This will
accomplish the objective of having plant material
available for propagation without undue delay. The
4-month rotation involves eight actual rotations
within a 12-month period. The sequence of 4 weeks,
6 weeks, 3 weeks, and 3 weeks, illustrated below, is
standard. The number of rotations can be adjusted
to fit the needs of the operation.

o Week 1—Start cuttings to be used for rotation I.

® Week 4—Pot rooted cuttings as stock plants for
rotation I. Grow for 6 weeks, pruning
lateral branches as needed to provide a
single stem. Height at 6 weeks should
be 60 to 80 cm.

® Week 10—Decapitate approximately 20 cm from
stem to force lateral growth on rotation
L



® Week 13—First cuttings should be available from

" rotation I plants. An average of seven

~ cuttings per stock plant can be ex-

pected from this first cutting. (See sec-

tion on clonal differences.) At this point

the stock plant should be pruned to two

to four strong laterals. The selected lat-

erals must be headed back to approx-

* imately 15 cm, with four to five avail-

able buds per lateral for forcing a second
cutting.

® Week 16—Second cutting of rotation I. An aver-
: .. age of 10 cuttings per stock plant can
be expected. At this time the stock plant

can be cut back to approximately 25

cm, with any lateral shoots below this

height pruned off, provided there are

buds remaining for additional growth.

. This will allow a few more cuttings in

another month. The stock plant is pref-

erably discarded at this point, in favor

- of the better cuttings that will be avail-

able in 3 weeks from rotation II plants.

. Annual Rotation Schedule
Rotation| v Rotation i
~ Jan. 1—Start cuttings Feb. 15—Start cuttings
Feb. 1—Pot rooted cuttings  Mar. 15—Pot rooted cuttings
- Mar. 15—Decapitate May 1—Decapitate
- Apr. 7—First cuttings May 21 —First cuttings
ay 1—Second cuttings Jun. 15—Second cuttings

Rotation il Rotation IV

Apr. 1—Start cuttings May 15—Start cuttings
ay 1—Pot rooted cuttings  Jun. 15—Pot rooted cuttings
Jun. 15—Decapitate Aug. 1—Decapitate
Jul. 7—First cuttings Aug. 21—First cuttings
Aug. 1—Second cuttings  Sep. 15—Second cuttings

Rotation V Rotation VI

Jul. 1—Start cuttings Aug. 15—Start cuttings
Aug. 1—Pot rooted cuttings Sep. 15— Pot rooted cuttings
. Sep. 15—Decapitate ~~ Nov. 1—Decapitate

Oct. 7—First cuttings Nov. 21—First cuttings
~ Nov. 1—Second cuttings ~ Dec. 15—Second cuttings

. Rotation Vil - Rotation VIl

-Oct. 1—Start cuttings Nov. 15—Start cuttings
Nov. 1—Pot rooted cuttings Dec. 15—Pot rooted cuttings
Dec. 15—Decapitate Feb. 1—Decapitate
Jan. 7—First cuttings Feb. 21—First cuttings
Feb. 1—Second cuttings Mar. 15—Second cuttings

This system conserves space, since there are never
more than two sets of stock plants on hand at any
time. As the second cutting is made, stock plants can
be discarded and replaced with materials scheduled
from the mist bench. It should be noted that there
is a 1-week discrepancy between the propagation date
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for stock plants and first cuttings available from two
rotations behind. For example, cuttings for January
1 (Rotation I) must be taken from cuttings scheduled
for January 7 (Rotation VII). Ordinarily, there are
enough good cuttings after 2 weeks’ growth to pro-
vide for the few that will be needed for replacement
stock plants.

Rotations such as this have been kept active for
several years with no apparent degeneration of the
clone. However, it is a good practice to annually re-
new each of the stock clones using cuttings obtained
from field-grown clonal orchards. Care should be taken
not to introduce pathogen infections from field-grown
materials.

The rotation described has some inherent unpre-
dictability. The average number of cuttings taken
from either the first or second propagation is usually
as indicated. But there may be times when more
stock plants will be necessary to ensure an adequate
supply of good material because the number of good
shoots for cuttings is less than expected. Generally,
it is a good idea to have as many stock plants on
hand as space permits. This is especially true when
preparing for field studies where scheduling may be

Most of the principles of rotation scheduling can
also be applied to field-study scheduling. The field
study is especially critical, because planting dates
are often unyielding. The first rule in field studies
is not to rely on hardwood cuttings as a shortcut for
stock plant material. Hardwood cuttings may be rooted
and in cutting production 6 weeks before the stan-
dard stock plant is ready, but growth is often much
more procumbent, requiring two or three stakes per
pot. The lateral regeneration, after cutting back to
force growth, is markedly slower due to a much poorer
root system. Finally, the cuttings themselves are of-
ten too succulent from trying to push things too fast
culturally.

A production schedule for field planting may look
something like the following:

March 1—Start cuttings to be used as stock plants

April 1—Pot rooted and weaned cuttings as stock
plants

May 6—Cut to force first shoots

May 19—Cut to force second shoots

June 6—Take cuttings

June 20—Cuttings rooted, begin weaning

June 26—Cuttings ready for planting



One final note on stock plants: As may be evident
from the above schedule, growth is often somewhat
faster during spring than during the rest of the year.

Rooting Medium

" A rooting medium should be porous enough to
allow good aeration, uniformly retentive of moisture,
* and physically able to support the cutting. A great
variety of plantable containers satisfy these criteria.
The Jiffy-7* peat pellet is one of these, and has pro-
vided excellent results for Populus cuttings.

The Jiffy-7 (No. 700) is composed of peat with a
small amount of added nutrients, bound in a plastic
mesh net. It stores as a wafer 1-3/4 inches in di-
ameter by inch thick. This saves storage space in
the greenhouse. When water is added it expands to
1-3/4 inches in diameter by 2 inches thick. The pellet

. has a pH of 5.5 to 6.0.

The real advantage in rooting cuttings in the Jiffy-
7 is that the complete unit is plantable upon root
initiation. The rooted cutting can be moved from the
bench to the pot or field location with very little root
disturbance, thus avoiding much of the transplant

. shock _associated with bare-root methods.

The propagation bench should be filled with hor-
ticultural, coarse-grade perlite. This may also be used
as a rooting medium for special use situations where
a plantable container is not desirable. In addition,
the perlite provides a sterile bed for the cuttings in
Jiffy-T’s to rest on. The emerging roots can continue

- into th’e‘perlite without danger of desiccation.

Making and Rooting Cuttings

Three types of cuttings are associated with prop-

. agation of woody plant materials: (a) softwood, (b)

semi-hardwood, and (c) hardwood. Each requires a

*different technique, although much of the operation
is the same.

Softwood cuttings, sometimes called “green-
wood” or “softwood tip” cuttings, are used in the ma-
jority of research applications. Studies involving top
grqwth comparisons where form and initial uniform-
ity are important require softwood cuttings.

'Mention of trade names does not constitute en-

dorsement of the products by the USDA Forest Serv-
ice. :

Attention must be given to propagating in a san-
itary environment. The bench and perlite should be
sterilized with a dilute household bleach solution
prior to setting out the Jiffy-7’s. The peat pellets are
placed on the bench after running the mist system
for an hour or two to leach out any remaining bleach.
The peat pellets should be spaced to allow plenty of
room for air circulation between the cuttings and to
minimize leaf overlap after the cuttings have been
stuck. As an example for spacing, a bench 2.5 x 18
feet will accommodate 700 peat pellets. This provides
9.25 square inches per peat pellet, or one pellet in
the center of a 3- x 3-inch area. Adequate space is
extremely important, since closer spacing almost in-
variably results in pathogen problems, particularly
stem rot.

After the peat pellets have been placed, the mist
system is again turned on to a constant mist and
allowed to run for another hour or two until the Jiffy-
7 is thoroughly expanded and uniformly wet. The
peat pellets are then dibbled, being careful not to
insert the dibble much more than three-fourths of
the way through the pellet. Otherwise, the cutting
may be inserted through the pellet, producing an
undesirable rooting environment. Dibbles made of
nylon are available through horticulture suppliers.
The nylon keeps the peat from sticking to the dibble,
thus avoiding tearing up the pellet. The dibble should
be inserted and given a slight twist before extract-
ing.

After the pellets have been dibbled, a drench of
Captan wettable powder fungicide should be applied.
Use 8 teaspoons per gallon of water per 100 square
feet, and apply over the surface of the pellets and
entire bench surface using a sprinkling can. The
propagation medium is now ready to accept the veg-
etative cuttings.

A few easily obtained items for taking (or making)
cuttings should be assembled. These include single-
edge razor blades, a rubber stopper (size 11 or 12),
two plastic beakers (1,000 ml), and a lab cart for a
working surface.

Razor blades are suggested rather than pruning
shears, because they are sterile and provide a much
cleaner cut. The cleaner cut allows less vascular
damage, better water and nutrient uptake, and less
general tissue damage that might provide pathogen
entry. The razor blades should be changed at least
every 50 cuttings, and even from plant to plant if
there is any suggestion of disease in the stock plants.
(Sometimes it may be necessary to propagate suspect
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plants to find out if their disorder is pathogenic or
physiologica_l by growing new ramets.)

A rubber stopper is used as a backing to ensure
a clean cut. The stopper tends to keep the plant, and
not ﬁngers, properly positioned for severing.

Two plastic beakers are used when there are two
- or multiples of two people making cuttings. One per-
son prepares the cuttings and keeps them fresh by
inserting them in a beaker containing water. The
second individual takes this beaker (with 30 or 40
cuttings) to the mist bench and sticks the cuttings.
The person making cuttings can then continue with
the second beaker. The person sticking cuttings re-
turns with the empty beaker, rinses it out and refills
it with fresh tap water. The use of water in a beaker
is contradictory to some sanitation principles. But,
due to the extreme succulence of most Populus cut-
tings, methods such as wet toweling do not work
well. The fresh cuttings will droop from wilt in a
_ very short time if not kept in water. Working with

_ clean hands and not smoking while taking cuttings
are other important sanitation axioms that should
be observed.

. The lab cart provides a handy place to keep the

. razor blades and beakers. The cart can also be used
as a receptacle for leaves trimmed from the cutting.

. Trimming the cuttings over the cart is more conve-
'nient than cleaning the floor after the job is finished.

_The cuttings should be taken when possible from
lateral growth on the stock plant. Terminal cuttings
may root, but generally do not make good propa-
gation material. If the rotation schedule for stock
plants is followed, the first and second cutting dates
will only have lateral growth available anyway. A
4-inch cutting is normally selected, although some-
times during early summer a 3-inch cutting may be
preferred. The shorter cutting has less tendency to
" stress with the accompanying droop. The smaller
cuttings will survive this stress better, have less
" overlap in the bed from drooping, and stand up under
" the rigors of field planting more satisfactorily. In
either case, leaves should be removed from approx-
imately two-thirds of the stem, retaining the leaves
at. the apex. The pruning of leaves should in most
cases be done with a razor blade. The removal of
leaves reduces transpiration and limits leaf overlap
in the bench. Overlap should be avoided as much as
possible because the mist may not reach some leaves
and leaves sticking together often decay.

Cuttings should be taken, whenever possible, in
the morning when the stock plants are fully turgid.
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This usually means sometime prior to 10:00 a.m. An
alternative is early evening or at night, providing
the stock plants have been watered and are not under
any transpiration stress. Cool, cloudy days are also
good for making cuttings.

Usually, however, the mist system should be op-
erating during sticking. On cloudy, cool, humid days
one may stick the cuttings without the mist system
being on, except while the “sticker” is out of the -
propagation bay collecting another batch of cuttings.

In sticking the cuttings, the peat should be firmly
tamped around the stem of the cutting. It is impor-
tant that there be good contact on as much of the
stem within the pellet as possible.

Our experience has shown that with softwood cut-
tings, with few exceptions, no hormone treatment is
necessary. In fact, treating with hormones often re-
sults in stem burn and accompanying rot. One ex-
ception may be the Crandon clone (NCFES 5339).
Crandon can be propagated without hormones, but
seems to respond favorably to a 500-ppm IBA solu-
tion applied as a dip.

There is evidence that Captan, used as a fungi-
cide, may have an additional benefit to the cutting.
With some species, fungicides and particularly Cap-
tan, seem to have a hormonal effect in stimulation
of rooting.

Rooting for most clones will take place in about
2 weeks. It is preferable to allow 3 weeks before
transferring to the container. Some clones, such as
NCFES 5323, 5377, and 5339, may need 3 weeks to
properly root. This may vary with rooting conditions.
Generally, one should allow an additional week to
wean the cuttings from the mist. Weaning involves
reducing the mist frequency gradually down to once
every 15 minutes. For example, change from 30 sec-
onds on and 30 seconds off, to 30 seconds on and 5
minutes off for the first 2 days. The second 2 days
increase to 10 minutes off. Increase to 15 minutes
off for the last 2 or 3 days.

If the cuttings are going to the field, this hard-
ening-off process should be given special attention.
Be sure the cuttings will be able to survive before
subjecting them to a field environment. Any shading
that has been provided should also be removed for
at least a week prior to field planting. Hardened
materials, however, can be placed in the shade for a
few days, such as under a greenhouse bench if such
accommodations are available. A watchful eye and
a fog nozzle can prevent damage to newly potted



trees retained in the greenhouse. This care is seldom
practical in field plantmgs, which again emphasizes

" the need for speclal care in hardemng materials for
such use. -

Semi-hardwood cuttings are actually stem-sec-
tion cuttings that include at least one node and in-
ternode segment. These cuttings, if taken from ac-
tively growing greenhouse stock plants, will root
easily. Their use is generally limited to studies where
form is not a factor. Similar cuttings can be taken
from field-grown trees during late summer or early
fall. In this case, it is advantageous to use a rooting

" hormone. Such nongrowing cuttings. will usually root,
but there may be some difficulty in forcing new bud
growth.

Hardwood cuttings can also be rooted under the
mist. Late-season cuttings—taken when buds are
swelling—may even require mist propagation. The
advanced stage of bud development will usually re-
sult in the cutting leafing out before the roots are
sufficient to support transpiration.

- For hardwood cuttings it is desirable to either stick
the cutting directly into the perlite, or partially bury
the peat pellet containing the cutting. This allows
_ better response from the soil cables. In some cases,
when treated this way roots may emerge in 3 or 4
days. Ordinarily, if cuttings are taken during the

- - winter months, there is no need for the assistance

of a mist system. Cuttings may be stuck directly into
the container or field-planted when conditions are
favorable.

By far the most cuttings for research are estab-
lished as softwood cuttings, unless a large cutting
orchard has been established to provide hardwood
cuttings for some field applications. Nearly 100 per-
cent success can be expected from softwood cuttings
propagated as described. As a cushion, an additional
. 20 percent can be started to allow for some selection
at time of planting.

Outplanting

Assuming that the rooted cuttings have been ad-
equately weaned from the mist environment, the next
step may be planting them to establish a field study.
Some protection should be provided in transporta-
tion to the planting site. If transported in an open
truck bed, winds will severely desiccate and bruise
leaves if the materials are not covered.

When planting the cutting it is important to be
sure the root system is well distributed and not

twisted. Otherwise, the young tree will develop roots
that will encircle and eventually strangle the re-
maining roots. Poor root arrangement will also favor
windthrow.

Where irrigation is available the trees should be
“watered in”. This helps to reduce stresses associated
with transplanting and serves to settle the soil around
the root system uniformly. '

Clonal Variation

Clones used in vegetative propagation have shown
variation in: (a) the number of available cuttings
from the stock plants and (b) time required to root.

Cuttings Available Per Plant—First Cutting

Clone Mean number/stock plant Range
5377 7.7 5-12
5321 : 6.9 5-10
5323 7.4 5-10
5328 6.1 5-10
5339 7.6 5-10
5260 9.4 6-13
5351 7.8 6-11
Cuttings Available Per Plant—Second Cutting
Clone Mean number/stock plant Range
5377 111 7-16
5321 11.3 10-15
5323 10.4 8-13
5328 9.0 8-11
5339 11.9 8-15
5260 71 59
5351 9.0 6-13

Differences in time required to root are closely
associated with rooting ability and general rooting
success. Clone 5260 can be expected to root in 10
days and rarely has difficulty in getting established.
Most clones will root in approximately 14 days. Clones
5323 and 5377 may lag behind by 5 to 7 days; they
generally are more difficult to root, and have occa-
sional stem rot difficulties. Clone 5377 is somewhat
slower than 5323. Clone 5339 (Crandon) is the most
difficult to root, although it seldom takes longer than
4 weeks. The difficulty with the Crandon clone is
probably associated with its aspen and European white
poplar parentage. Clone 4877, a P. alba clone, is very
similar to 5339. Neither 5339 nor 4877 will root with
much success as hardwood cuttings.

The intermittent-mist system provides the pro-
duction manager a relatively simple way of produc-
ing a large number of genetically and physically uni-
form plants in a limited space. The simplicity of the
system also allows minimally trained personnel to
do the work with high probability of success.



Pro ag'étion of Poplars by
B hoot Apex Culture
and Nutrient Film Technique

Plant tissue culture offers a form of vegetative
propagation that may be able to overcome some of

" - the problems encountered in the standard methods

of woody plant propagation. Shoots have been ini-
tiated on callus cultures of a number of woody plants.
Several reviews are available (Durzan and Campbell
1974, Pierik 1975, Winton and Huhtinen 1976). The
production of shoots from callus cultures, however,
has several limitations. Shoots may appear irregu-
larly and in limited numbers on the callus. For this
reason, the production of large numbers of woody
plants is not usually possible.

A second problem with shoots produced on callus
cultures is that callus tissue in culture tends toward
endopolyploidy (Murashige and Nakano 1965, Par-
tanen 1963). This increase in the ploidy level in cul-

" ture may result in the loss of totipotency, the ability
of every individual cell in a plant to regenerate a
complete plant. Perhaps more importantly, poly-
ploidy may result in production of a plant genetically

. different from the original plant, and hence the loss
of the originally desired characteristics.

The culturing of shoot apices has been used in the
large-scale, clonal propagation of a wide variety of
herbaceous, horticultural plants (Murashige 1974).
By using shoot apices of Gerbera daisy, the produc-
tion of 1 million plants from one original shoot apex
in 1 year is possible (Murashige 1974). The shoot
apex is perhaps the most totipotent part of the grow-
ing plant. The cells of the shoot apex are less differ-
entiated and more uniformly diploid than those of
most other parts of the plant (D’Amato 1952, Par-
tanen et al. 1955). Thus, the production of only a few

" polyploid plants would be expected in plants regen-

erated from shoot apices, and this has been dem-

- onstrated (Hasegawa et al. 1973, Murashige et al.
© 1974). :

Because shoot apex culture offers a system for the
large-scale clonal propagation of herbaceous plants,
we attempted to determine if the same basic tech-
niques could be applied to the propagation of woody
plants.

Culture medium

The complete medium consisted of an inorganic
and organic portion. The inorganic portion was the
basic Murashige and Skoog (1962) inorganic salt
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mixture. Phosphate was added to this (170 mg/1) in
the form Na H, PO, x H,0. The organic portion con-
sisted of 0.4 mg/1 thiamine HC1, 80 mg/1l adenine
sulfate, 100 mg/1 myo-inositol, 20 g/1 sucrose and
10 g/1 Difco Bacto agar. To determine the most ef-
fective hormone combination for the multiplication
of shoots, 30 combinations of five levels of indole-
acetic acid (TAA) (0.0 M, 5.7 x 10-2M, 5.7 x 10-"M,
5.7 x 10-¢M and 5.7 x 10-*M) and six levels of ben-
zylaminopurine (BAP) (0.0 M, 1.3 x 10-'M, 1.3 x
10-¢M, 1.3 x 10-*M, 6.6 x 10-°M and 1.3 x 10-*M)
were tested.

The IAA and BAP were dissolved in water by heat-
ing in an autoclave for a few minutes and then added
in the appropriate amounts to the medium to produce
the 30 hormone combinations. The medium pH was
adjusted to 5.7 with 1 N KOH or HC1. The sucrose
and agar were then added and dissolved by heating
in an autoclave, and 25 ml of the medium was poured
into each 25- x 150-mm culture tube. The tubes were
capped with Bellco Kaputs and all components were
autoclaved together at 121°C for 15 minutes.

Plant material

Shoot tips of Populus tristis x P. balsamifera cv.
Tristis #1 (NCFES 5260) were used in this study
(Cram 1960). They were collected in mid-August from
a plantation near Ames, Iowa. All leaves were re-
moved and the shoot tips were washed in a detergent
solution. Surface sterilization was found to be un-
necessary. The bud scales and all but the last pair
of leaf primordia were removed under a dissecting
microscope. A shoot apex 1- to 2-mm tall was planted
in each tube of culture medium.

Multiplication of shoots

Tubes containing the excised shoot apices were
placed in a growth chamber with a day temperature
of 24°C and a night temperature of 18°C. The irra-
diance was 90.0 microeinsteins/m? sec-! and was
supplied by fluorescent lamps for 14 hours of every
24.

After the first 2 to 3 weeks in culture, some of the
apices had senesced and died, while others had grown
to five to six times their original size. Some of the
treatments stimulated the formation of small amounts
of callus where the base of the original apex came
in contact with the medium. After 3 to 4 weeks in
culture, some of the apices initiated small green areas
of organized growth on the callus. These areas con-
tinued to grow and became the sites for the formation
of adventitious buds that developed into adventitious
shoots.



These adventitious shoots occurred where treat-
ment consisted of 1.3 x 10-'M, 1.3 x 10-*M, and 1.3
x 10-*M BAP with 0.0 M, 5.7 x 10-*M, 5.7 x 10-"M,
and 5.7 x 10-°M IAA: The largest number of shoots
occurred when the medium contained 1.3 x 10-°M
BAP and 5.7 x 10-"M IAA.

This .treatment produced an average of 8 to 12
- adventitious shoots from each original shoot apex,
and it was selected as the medium for all further
shoot multiplication experiments. The adventitious
shoots developed on the callus at the base of the
original apex, and as they grew, they produced a
mass of leaves that surrounded the original apex.
These shoots typically grew as a whorl of leaves
without well-developed stems. The stem internodes
failed to elongate on the shoot multiplication me-
dium, perhaps because of the high level of cytokinin.

These adventitious shoots could be divided and
placed on fresh multiplication medium, which re-
- sulted in the initiation of new adventitious shoots

- without the formation of an intermediate callus.
Again, the shoots consisted only of a whorl of leaves
without well-developed stems..

4 Iéooting of shoots

: To induce root formation on the multiplied shoots,
~ - the basal medium was modified by the omission of
both the adenine sulfate and the additional phos-
phate. Also the rooting medium did not contain any
BAP: Six levels of IAA (5.7 x 10-"M, 5.7 x 10-*M,
2.8 x 10-°M, 5.7 x 10-°M, 1.1 x 10-“M, and 2.8 x
10-“M) were tested for their ability to initiate roots.
Later, six levels of indolebutyric acid (IBA) (4.9 x
10-"M, 4.9 x 10-°M, 2.5 x 10-*M, 4.9 x 10-°M, 9.8
x 10-%M, and 2.5 x 10-*M) were also tested for their
ability -to initiate roots. Shoots to be rooted were
placed.in 117.6-cm? french square bottles containing
- 40 ml of rooting medium. Cultures were placed in a
growth chamber with a day temperature of 24°C and
‘a night temperature of 18°C. The irradiance was 125.0
" microeinsteins/m? sec-! supplied by a mixture of flu-
orescent and incandescent lamps for 14 hours of every
24.

‘When adventitious shoots were placed on a root-
ing medium containing either 5.7 x 10-"M or 6.7 x
10-%M JAA, without any BAP in the medium, the
internodes of the stems began to elongate, producing
normal-looking stems. None of these shoots, how-
_ ever, formed roots even after 5 weeks on this me-

~ dium. IBA was tested because of its ability to stim-
ulate roots on cuttings of many plants. In the presence

of 4.9 x 10-"M, 4.9 x 10-¢M, 2.5 x 10-°M, and 9.8 x
10-M IBA, shoot internodes elongated and roots were
formed. The 4.9 x 10-"M IBA treatment resulted in
formation of the most normal-looking root system,
complete with lateral roots. A second rooting exper-
iment was conducted to determine the optimal IBA
concentration for root formation. IBA was applied at
0.0M,25x10-"M, 49 x 10-"M, 2.5 x 10-¢M, 4.9 x
10-¢M, 1.2 x 10-5M, and 2.5 x 10-*M. Again, the 4.9

x 10-7 IBA treatment resulted in the formation of -

the most normal-looking root system.

Once the roots begin to appear on the shoots on
the rooting medium, they should be transplanted to
minimize the damage done to the root system during
transfer. Rooted shoots were removed from the bottle
of rooting medium and, after the medium was washed
from the roots, planted in a peat pellet placed under
a shaded, intermittent-mist system in the green-
house. In this way, plants could be “hardened off”
gradually to the environment outside the culture
bottle. Once plants were hardened off they were moved
to a Nutrient Film Technique (NFT) (Cooper 1975)
system for further growth.

Applications

Tristis #1 is routinely propagated by rooting shoot
tip cuttings. In this way, one shoot tip cutting can
produce one complete plant in 2 weeks. By using
excised shoot apices, however, each Tristis #1 apex
can produce between eight and 12 adventitious shoots
in 4 to 6 weeks, each of which can be rooted to pro-
duce a complete plant. If the adventitious shoots are
divided and placed on fresh multiplication medium
instead of rooting medium, each shoot can produce
another eight to 12 adventitious shoots. Thus, the
number of shoots increases geometrically each time
the shoots are subcultured.

In shoot apex propagation of Gerbera daisy, each
subculture results in a fivefold increase in the num-
ber of shoots, and if the subcultures are made every
4 weeks, 1 million plants can be produced in 1 year
(Murashige et al. 1974). Similar results have been
obtained by using the runner apex of Boston fern
(Burr 1976). One runner apex, subcultured three times
during a 5%2-month period, can produce 5,000 plants.
Adding a fourth subculture and extending the time
period to 62 months allows production of between
10,000 and 20,000 plants, all from one original run-
ner apex. Unfortunately, Boston fern has not.been
found to be very stable in culture for long periods.
The longer it is kept in culture, the greater the chance
that “sports” or mutant plants will appear. When



subcultured a fourth time, between 10 and 20 per-
cent of the plants are mutants. This can be avoided
simply by subculturing only three times and then
starting with new cultures freshly initiated from ex-
cised runner apices.

The stability of each plant to be propagated in
culture ,should be established before large-scale

. - propagation is begun. Not all plants may exhibit the

genetic instability of Boston fern; for example, there
has been little evidence of the development of sports
in the apex propagation of asparagus and Gerbera
daisy (Hasegawa et al. 1973, Murashige et al. 1974).
Even if sports do develop, it is a simple matter of
subculturing less than the number of times when
the sports become a problem. Apex propagation of
Boston fern is currently done on a commercial scale
in California; the cultures are subcultured only three
times, and then new cultures are started. In this way,
one nursery has been able to produce about 80,000
plants per month.

~ Because shoots are grown and multiplied in cul-
ture tubes 25 x 150 mm, a large number of shoots
can be grown in a relatively small space. Cultures
can be grown on shelves illuminated by fluorescent
lamps mounted on the bottom of the shelf above.
- With this system, it has been estimated that a room
- 13 x 13 x 9 feet could contain about 10,000 tubes. In
. the propagation of Tristis #1, each tube would con-
‘tain between 8 and 12 adventitious shoots, each ca-
pable of producing a complete plant. By using con-
ventional shoot tip propagation techniques, a 13- x
13-foot space in a greenhouse could support between
150 and 200 stock plants, each of which could pro-
duce about 20 cuttings. By using shoot tip propa-
gation, between 3,000 and 4,000 plants could be pro-
duced in this area. Shoot apex propagation using
Tristis #1 has the potential of producing between
80,000 and 120,000 shoots after 4 to 6 weeks in cul-
. ture without any subculturing.

. .Another advantage of shoot apex propagation is
. that because there is a multiplication of shoots in
- culture, fewer stock plants need to be maintained in
the greenhouse. This lowers the cost of the green-
house operation by reducing the amount of space
taken up by stock plants.

The facxhtles for a shoot apex propagation oper-
ation consist of laboratory and greenhouse space.
Ideally, the laboratory consists of separate areas for
washing glassware, preparing media, transferring
cultures, and growing cultures (fig. 1). The use of
separate rooms for these operations greatly reduces
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the risk of contaminating the cultures. The glass-
ware washing area should contain an autoclave, sink,
dishwashing machine, and storage area for glass-
ware. It should also be used in preparing plant ma-
terial to be used to initiate cultures. The media prep-
aration area should contain balances, refrigerators,
a water deionizer, a pH meter, storage area for glass-
ware and reagents, and bench space. The transfer
room should have storage space for freshly prepared
media and also a sterile area with either a filtered
air or laminar air flow hood for initiating or sub-
culturing cultures. The culture room should contain
several sets of shelves with fluorescent lamps. Con-
trol of photoperiod and light intensity is useful. Each
room should have separate controls for temperature,
especially the culture room, because of the sensitiv-
ity of cultures to extremes in temperature. The
greenhouse should have space for the maintenance
of a few stock plants and also a shaded, intermittent-
mist system for the plants after they have been re-
moved from culture.

About 25 commercial nurseries in California pres-
ently use shoot apex propagation of herbaceous, hor-
ticultural plants. The smaller nurseries produce
10,000 to 20,000 plants per month, while the larger
ones are capable of producing up to 100,000 plants
per month. One of the larger nuseries propagating
Boston ferns employs about 11 people and can pro-
duce about 80,000 plants per month. The initial cost
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Figure 1.—Floor plan of a hypothetical laboratory
facility for the propagation of plants through shoot
apex culture.




- for starting a small operation has been estimated at
between $20,000 and $30,000, while a larger one
would require between $60,000 and $100,000.

" The low-capital-cost hydroponic technique known
‘a8 Nutrient Film Technique (NFT) may have several
advantages over other systems for further growth of
the propagules derived from apex culture. This sys-
tem is commercially used for the greenhouse culture
of vegetable crops and has been advocated for pro-

duction of ornamental nursery stock (Cooper 1975). -

Propagules in which root primordia have been in-
duced are transferred to troughs containing trickling
nutrient. solution and grown until they reach a de-
- sirable size for field planting. The system is flexible
in that propagules can be grown-on in containers
such as Jiffy-7’s or fiber blocks, or as bare-rooted
~ stock. The latter option greatly reduces root malfor-
mation and binding that occur in container-grown
stock. Bare-root plants grown in NFT gutters pro-
duce a uniform, continuous root mass which, when
. separated into individual plants, shows rapid root
regeneration.? Plants could conceivably be shipped
. and machine-planted as a continuous strip, sepa-
* rated only before insertion into the soil. The advan-
tages of NFT culture over other growing-on methods
are:

1. Precise control of plant nutrition and control of
diseases and insects are possible through the use of
" nutrient solutions containing systemic pesticides.

‘ 2. Continuous recirculation allows complete use
. of fertilizer and minimum evaporation loss of water.

'_3.’1 Root .temperatures can be precisely specified
. -and maintained.

4. Optimal nutrition and root temperature result
in better growth rates.

* Gutter and other equipment for NFT system are
now commercially available.

- Another possible advantage of shoot apex propa-
gation is the production of pathogen-free plants. In
standard propagation of plants, the shoot tip is dis-
sected down to an apex 1- to 2-mm tall, which con-
~sists of the apical dome and several pairs of leaf
primordia. If the explant is made smaller (between
0.05- and 1.0-mm tall), a pathogen-free plant may

- *Personal communication with A. J. Cooper.

be produced (ten Houten et al. 1968). The culturing
of the apical dome alone makes possible the produc-
tion of plants free from fungi, bacteria, viruses, vi-
roids, mycoplasmas, spiroplasmas, and rickettsias.
These organisms cause plant disease and thus re-
strict the growth and productivity of the host plant.
The apical dome is one of the few parts of the growing
plant that may be free of these organisms. Pathogen-
free plants will grow rapidly after they are field-
planted until they become naturally reinfested. The
increased growth rate after planting, however, may
be critical to the survival and subsequent growth of
the plant. Plants so produced could also meet the
pathogen-free requirements encountered in the in-
ternational exchange of plant material, an impor-
tant part of many tree improvement programs.

Apex propagation is usually easiest with both her-
baceous and woody plants whose cuttings can be rooted
without difficulty (Murashige 1974). This, however,
does not mean that only “easy” plants can be prop-
agated by these techniques. The shoot apex is prob-
ably the most totipotent part of the growing plant,
second only to the embryo of the seed or a young
seedling. Indeed, recent success in producing shoots
from callus cultures of white spruce and Douglas-fir
has depended on the use of excised embryos or hy-
pocotyls of young seedlings (Campbell and Durzan
1975). The advantage of using excised shoot apices
is that they can be collected from mature trees se-
lected for their observable desirable characteristics.
The use of excised embryos or seedling parts depends
on the assumption that they will retain the desired
characteristics of the parent tree.

Because of the totipotency of the shoot apex, prop-
agation should be possible in a wide range of woody
plants. With further experimentation, these tech-
niques can possibly be applied to other hardwood
species and perhaps, in time, to the conifers, for which
standard methods of vegetative propagation have not
been very successful.

Shoot apex culture offers the possibility of rapid,
large-scale, clonal propagation of plants. This can be
done in a relatively small amount of space, thus re-
ducing propagation costs. However, the cost of prop-
agating a particular plant by apex culture should
first be compared with the cost of propagating the
plant by existing vegetative means. Where the time
required for a tree to reach seed-producing age is
long and where standard methods of vegetative prop-
agation may not be successful or practical on a large
scale, tissue culture (in particular, apex culture) may
offer a solution.

1



CONTROLLED-ENVIRONMENT CULTURE OF
- POPULUS CLONES

R. Faltonson, Research Facilities Supervisor,
Forestry, Iowa State University, Ames, Iowa

" Growing Populus in the greenhouse presents some

challenges not ordinarily faced in greenhouse pro-
duction of horticultural plants. The forestry re-
searcher is often confronted with problems more
common to hursery container production than to typ-
ical greenhouse applications. The following sections
describe equipment and procedures that have been
used to successfully culture Populus clones in the
greenhouse.

Facilities

Forest researchers at Iowa State University have
~use of 9,000 square feet of greenhouse space under
glass and an additional 2,800 square feet of head-
- house space. The portion under glass is divided into
14 bays of varying dimensions, with 7,600 square
feet of usable space. The headhouse provides office,
laboratory, storage, and utility space.

- Edch of the bays is equipped with individual cool-
ers for ventilation and cooling, ridge and sidewall
ventilation, unit heaters, perimeter radiation heat,
‘overhead electrical unistruts, a concrete floor and
gutter system, and movable benches. This equip-
ment is descnbed in detail below:

1 Evaboratxve coolers of varying sizes are pro-
. v1ded individually for smaller bays, or in pairs for
larger bays. Effective cooling from April through
. September is essential for maintaining tempera-
. tures.suitable for plant growth. Poplars respond best
to day temperatures of 75°F (24°C) and night tem-
peratures of 65°F (18°C). The capacity of the coolers
is frequently insufficient for maintaining these
greenhouse temperatures when outdoor tempera-
tures reach or exceed 85°F (29°C). Shading the glass
with a spray-on compound is used to compensate,
but temperatures during late June through August
- are ordinarily too high for studies involving growth
responses.

2. Ridge and si‘dewall,' manually operated, sash
\{entilation systems are essential for effective air cir-
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culation and cooling. Although the greenhouse was
designed to provide adequate air exchange using
shutter-like exhaust vents in the curtain wall, this
has proved ineffective without supplementary shad-
ing. During summer the ridge vents are opened suf-
ficiently to allow warm air to rise and escape, when
the cool air from the evaporative coolers displaces
it. The sidewall ventilators are rarely used, except
when there is a cooler failure, requiring natural cool-
ing of the bay.

3. Pressurized steam unit heaters are used during
the cold months for a thermostatically controlled
source of heat. The unit heaters are thermostatically
interconnected with the cooling system to provide a
reasonably constant temperature. Equally impor-
tant is the function of the heater fan in providing
air movement. The unit heaters are hung overhead
(9 feet), with a horizontal air draft that provides
critical air circulation during both summer and win-
ter, although during summer the steam lines remain
closed. During sub-zero weather this mixing prop-
erty of the unit heater is especially evident. On days
when outdoor temperatures drop to zero or below,
the unit heaters are unable to provide sufficient air
movement below the benches. Air stratification may
result in temperature differences of 30 to 40°F (-1.1
to +4.4°C) from the bay floor to the bench level of
40 inches (100 cm). Adequate temperatures normally
can be maintained at the plant level, but irrigation
hoses will freeze at the floor level. This points out
the importance of raised benches for plant growth
under acceptable temperatures. The complication that
arises from trying to compensate for stratification is
that trees grown on the raised benches have limited
space for height growth. They may