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ABSTRACT

This study evaluated methods and escablished procedures for growing
seedling trees to a predetermined uniform gize. White ash (Fraxinus
americana L.) seed gathered in the fall from indigenous sources was placed
in a cool-moist environment for 90 days to break eambryovnic dormancy. Red

maple (Acer rubrum L.) and silver maple (Acer saccharinum L.) were similarly

obtained {n the spring but df{d not require a cold treatment, Seeds *~re
germinated in vermiculite, a 1:1 peat-perlite mixture, and washed . a
sand in the greenhouse and in a growth chawber. Following emergen the
seedlings were grown for various periods in a growth chamber in nutrient
culture 4g well as in the sbove media in the greenhcuse under supple-
mentary light.

10 contrast, deorment ash and maple seedlings were obtained commercially
and exposed to various photoperiods. paylengths of 16 and 20 hours were
used in the growth chamber studies. Greenhouse photoperiods cf 16, 20,
and 24 hours were achieved by supplementing the natural day of 10 to 11
hours with {ncrements of fluorescent or incandescent light.

The solution culture system is the only practical method that provides
the opportunity for analyses or autoradiography of both foliag.: and roots.
The optimum procedure evolved here was to germinate seed in vermiculite
and trangplant into individuai pots of vermiculite, initially saturated
with Hoagland's nutrient solution, when the scedlings were about 4 cm
tall, After attaining a helght of 20 to 25 cum, the seedlings were trans-
ferred to aerated solution culture and were considered ready for experi-
mental upe after 2 to 3 days of acclimatization. The environmental
parameters were 253 C, 60r15% RH, and a l6-hour photopericd of 1,000+30U
ft-c.

When grown frow seed, ash and silver maple required 5 weeks to reach
the optipum height of 20 to 25 cm; red mapie required 8 to 9 weeks. We
have successfully grown trees in solution culture in l-quart pots fov
2 months with no special requirements other than periodic replenishment
of the solution. The only limitation to growth of larger trees would be
the need for physical support.
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I, INTRODUCTION*

One of many problems involved in herbicide and plant growth regulator
research with trees is the lack of suitable plants, especially during
normal dormancy. For research, the use of uniform plants within a test
population is very important to reduce inherent variability that could
wmask or attenuate any meaaured response resulting fror an imposed treat-
ment., Present methods of growing l- to 2-year-old tree seedlings in soil
under greenhouse conditions have not always produced desirable trees.
Becguse many cxperiments require the utilization of the entire tree,
including intact Toot systems, soil culture methods are not satisfactory.

A variety of soflless culture techiuiques have been described in the
literature., Seedling trees have been grown in sphaznum moss socaked in
nutrient solution,®* perlite irrigated with nutrient sclution,** and in
aerated nutrient culture.'*? However, we found cach of these methods had
certain limitations. Perry and Upchurch® nave descrived a method used
for maple and ash. Seeds were germinated on wet paper towels, planted
in a mixture of sand, peat, and soil (l:l:1), and transplanted to aerated
nutrient culture after 8 weeks, Trees have been grown successfully under
greenhouse conditions with supplementary light, A photoperiod exceeding
14 hours has been reported to be necessary for continued growth of hardwood
specleg.**

Metnoda have been successfully developed for breaking dormancy for
some forest trees, Hcwever, many of these methods are quite elaborate
and complicated and often result in undesirable growth characteristics.
Fergus® has successfully broken dormancy by applying ethylene chloro-
hydrin to plants in a sealed container for 48 hours to break dormancy,
but it had the undesirable characteristic of killing the terminal bud.
Schoeaeweiss’® found that certain growth regulating substances affected
many plant species, Ethylene glyccl or pure glycerol applied to leaf
scars and buds after a cold period accelerated the breaking of dermancy
by 2 to 3 weeks, However, chemical treatment often produced growth that
was inconsistent with normal growth patterns. Dormancy was also broken
in some hardwood apecies by a continuous photoperiod of at least 16 hours
by extending the natural day with incandescent 1ights."11'1?

* This report should not bte used as a literature citation in material to
be published in the open literature. Readers interested in referencing
the information contained herein should contact the senior author to
ascertain when and where it may appear in citable form.

** E. Hacskaylo, Porest Physiology Laboratory, U.S.D.A., Beltsville,
Maryland 20705; personal communication,
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Because our use of maple : ~d ash seedlings frequently invelves rcote
.pplied compcounds, the solution culture technique appeared to be the only
practical method that would allow us to analyre or autoradiograph intact
secdlings without damage to or loss of the ro-t systcms, Although there
arc¢ a number of methods for growing trees in various media, we experienced
difficulties with all methods evaluated. Our principal problem, from an
autoradiographic standpoint, was assoclated with attempting to vbtain
roots free of adhering particies of soil, peat, perlite, sphagnum wmoss,
or other similar media. Thus, the objectives of this study were to
evaluate methods and establish simple, reliable procedures for growing
uniform tree seedlings in solution culture jor laboratory investigations,

I1. MATERIALS AND METHODS

Two representative genera, ash (Fraxinus) and maple (Acer), were
selected for propagation on the basis of field response to varfous
herbicides. Ash was selected for susceptibility to the phenoxy herbicides
and resistance to picloram; maple was selected for resistance to the phenoxy
herbicides and suaceptibility to picloram,

Preliminary studies indicated that the ideal seedling for our study
should have a single straight stem, five to six nodes, healthy buds and
leaves, and a height of 20 to 25 cm. The two logical apprcaches to obtain
such a seedling were to begin with seed or to begin with dormant scedlings.
In either case, manipulation of the environmental parameters was requisite
for obtaining seedlings that met the above criteria.

A. SEED GERMINATION

Seeds of white ash (Fraxinus americana L.) were geéthered in QOctober
when mature and were air-dried at room temperature for 1 day. Because
ash seed at this stage is considered to be in embryonic dormancy,'® a
cocl, moist stratification necessary to effect germinetion’® was
accomplished by wetting the seed in a polyethylene bag with distilled
wvater .* Wet puper towels were placed at the base, micddle, and top of
the bag to maintain a8 high relative humidity. The bass containing the
seed were kept in the cold room at 4 € for a minimum of 90 days.

Media such as vermicuiite, peat-perlite (l:1), and white silica sand
are commonly used for plant propagation (Appendix A). An experiment was
designed to determine the acceptability of these media. After 90 days in
the cold room, ash seed that had rcceived the conl-meist treatment described
above and seed that had received only a cool treatment were sown in the

* Superintendent, Mont Alto Forest Nursery, Pennsylvania Department of
Forests and Waters, Mont Alto, Pennsylvania; personal comaunication,
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three media. In addition, sced with the terminal wing structure removed
were placed on wet filter paper in petri dishes and exposed to 16 hours
of continuous light at about 1,200 ft-c in a growth chamber. A totusi

of 40 cool-moist and 40 cool-dry sced were used, Six-inch bulb pots

were filled with vermiculfite, peat-perlite (a 1:1 mixture of shredded
peat moss and horticultural grade perlite), or white silica sand. The
seced were planted at a depth of & inch at rates of 25 or 75 per pot.

One group was placed {n the grecnhouse under a lé6-hour photoperiod,

This photoperiod was obtained by extending the nztural daylength with
coolewhite fluorcscent lamps (Appendix B), Minjmum light f{ntensity at
pot height was about 400 ft-¢. The maximum light intensity obtained was
about 3,000 ft-c and was a functiin of cloud cover and shading on the
sreenhouse, The temperature and “cletive bumidity varied from 23 to 28 C
and 40 to 50%, respectively. The second group was placed in the growth
chamber under 8 ib-hour photope.icd of about 100 ft-c. Temperature and
relative hunmidity were maintained at spproximately 25 C and 507, respectively,
All pots were set in trays of water and kept moist by tottom watering as
needed.

To determine the optimum concentration and pH of nutrient solution
for seedling growth following germination, white agh eeedlings were
removed from the vermiculite seed bed 2 weeks after planting end placed
in the four following Hoagland and Arnon'a nutrient solutions'® (Appendix
C): full- and half-strength at an unadjusted pH of 5.4 or 5.5 and full-
and half-strength adjusted to pH 6.0 by O.1 N KOH, Nine seedlings, each
approximately 4 cm high and with one set of simple leaves, were selected
for growth in each nutrient culture solution., Three seedlings were planted
in each quart plastic pot of solution., After 2 weeks, each pot was thinned
to the best two plants, The volume in the pots was brought up to the
original volume every 2 days with the corresponding nutrient solution, and
the entire solution was replaced at weekly intervals with fresh nutrient,
Support for the individual plants was provided by inserting the stem intc
a split rubber stopper. This arrangement provided supporl without
mechanically damaging the seedlings. The stoppers were inserted into
precut holes in plastic lids designed for the pots, Aeration was provided
by a glass tube inserted through a hole in the 1id of th. pot and connected
to a source of air, Each aeration tube had a hosecock clamp for air
adjustment, The seedling trees were grown in a growth chamber (Fig. 1)
under a lé-hcur photoperiod of about 1,200 ft-c., A similar experiment
with red maple (Acer rubrum L.) was conducted under the same controlled
environmental conditions (Fig. 2) using half-strength aad full-strength
Hoagland's nutrient solution at pH 6.,0.
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Because it was not practical to grow all seedlings in a controlled
environment chamber, an alternative method of growing trees in the green-
house had to be developed. The objective of this series of studies was
to raise seedling trees to the desired height (15 to 20 cm) and then to
transplant them into nutrient culture in a controlled environment chamber
for subsequent use. This method could be expected to provide a larger
population from which to select uniform trees. Red maple secedlings ger-
minated from seed in vermiculite, as previously described for white ash,
were transplanted 4 weeks after planting to #fndividual l-qudrt pots filled
with vermiculite or peat-perlite. Two-week-old seedling white ash &nd
silver maple (Acer saccharinum) were handled in a similar manner. The
trees were placed in the greenhouse under a l6-hour photoperiod (Fig. 3).
Seedlings were top-irrigated with full- or half-strength nutrient solution
and height measurements were recorded at weekly intervals.

FIGURE 3. White Ash in the Greenhouse Under Cool-White
Fluorescent Lights,
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White ash seedlings were also grown to our optimum size by an addi-
tional technique. Vermiculite and peat-perlite were soaked in nutrient
solution for 4 hours before transplanting seedlings in the followin~ manner.
One-quart pots containing the media were placed in trays (20 by 30 inches)
in the greenhouse. Each tray accommodated 24 pots. Approximately 10 litexs
of either full- or half-strength nutrient solution were then added to the
trays. After 4 hours, seedlings were planted two per pot and bottom-watered
as needed, Weekly height measurements were recorded,

B. DORMANT SEEDLINGS

Investigations were conducted to determine the feasibllity of developing
uniform plants from dormant seedlings by breaking dormancy with photo-
periodic mnnipulations."ll'le A series of experiments was initiated to
determine the length of tiwe required to break dormancy and to evaluate
the subsequent new growth., Three light regimes of l16-hour duration were
established: (i) ambient daylight in the greenhouse extended with incan-
descent lamps supplying about 60 ft-c, (i1) ambient daylight in the
greenhouse extended with cool-whiie fluorescent lamps supplying about
800 ft~c, and {i1i{1) fluorescent and incandescent light in a growth chamber
supplying abcut 1,200 ft-c. 1In addition, a 20-hour photoperiod of about
1,400 ft-¢ was set up in another growth chamber with cool-white fluorescent
and incandescent lamps., A 24-hour photoperiod was also established in the
greenhouse by {ncandescent lamps, which provided about 350 ft-c at pot
teight. The purpose of the last two regimes was co ascertain if photo-
periods longer than 16 hours would appreciably shorten the time reguired
to bres. dorwmancy.

For these investigations, dormant green ash (Fraxinus pennsylvanica L.)
&nd red maple seedlings were obtained from commercial nurseries, The
trees arrived in December wrapped in moist sphagnum moss and were immediately
placed in cold storage at & C for 2 months, Scedlings 20 te 25 cm high
were removed from atorage and potted in finely milled horticiltural
sphagnum moss soaked in half-strength nutrient solution, The¢ seedlings
were then placed in the photoperiods described above. Dormancy was con-
sidered broken when the first observable green leaves emerged. Observa-
ticns were made daily,
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II11. RESULTS AND DISCUSSION

A. SEED GERMINATION

The ash seed from the cool-muist treatwment germinated within 2 days o
moist filter paper., After 1 weck 92% had emerged, However. only 25% of
the seed from the cool-dry treatment had germinated within lC days.

These results compared favorably with seed planted in the three propaga-
tion media (Pig. &4, Table 1). The sced from the cool-moist treatment in
vermjculite germinated in 7 davs, followed by those planted in peat-
perlite and sand. Germination differences between seeds in vermiculite
and in peat-perlite did not appear to be significant at either the low or
high rate. Seed germination in sand was poor when compared with that in
vermiculite or peat-perlite. A similar experiment using freshly harvested
red maple and silver maple seed revealed the same general trend with
respect to germination in vermiculite, peat-perlite, and sand (Fig. 5).
Silver maple emerged within 1 week and red maple within 2 weeks., Two
weeks after planting, the ash seedlings were 4 cm high with one set of
simple leaves., This is an optimum size for transfer from the seed bed

to Individual containers. Silver maple required Z weeks and red maple
required 3 to 4 weeks to reach this size and stage of development.

Of the various media used for propagation, both vermiculite and peat-
perlite were satisfactory for tle germination of seed of all species,
Vermiculite offered an additional advantage of being readily washed free
of the root svatems of the seedlings prior to transplanting into nutrient
culture, Peat swemed to have an unusual tendency to adhere to the roots,

Tabie 2 represents the relative growth in height ot the white ash
seedlings in four nutrient culture golutions over a 5-week period. No
significant differences in growth were detected, The seedlings were
haitvested after 8 weeks and fresh and oven~dry weight data were obtained
in addition to their final height (Table 3)., Again, no significant
differences were obtained for any of the growth parameters recorded,

Within 5 to 6 weeks, white ash seedlings were within our desired range

of 20 to 25 cm high and were considered ready for experimental use.

The experiment in which red maple was grown in full- and halt-strength
nutrient solution for 45 days also revealed no significant differences

in height, fresh weight, or dry weight (Table &), From these studies it

was concluded that uniform white ash and red maple seedlings can be readily
grown in our environmental chambers in half-strength nutrient solution,
Adjustment of the pH of the nutrient solutions was an unnecessary precaution,

e
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FICURE . White Ash 3 Days, 1 Week, and 2 Wuecks
(Left to Right) After Planting Sced in Vermiculite,

FIGURE 5. Red Maple (icft) and Silver Haple (Right)
2 weeks After Planting Sced in Vermiculite.
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TABLE 1, COMPARISON OF EPFECT OF SEED TREATMENT AND PLANTING MEDIUM
ON GERMINATION OF WHITE ASH SEED 2 WEEKS AFTER PLANTING

Germination, %

Number of Cool-Moistil Cool-DryEYﬁ
Planting Seeds per Growth Growth
Medium Pot Greenhouse  Chamber Greenhouse Chamber
Vermiculite 25 72 72 20 0
75 83 92 16 4
Peat-perlite 25 92 (3 0 4
75 80 69 5 4
Sand 25 20 16 0 4
75 31 79 15 11

a. Seed soesked with water and kept moist in a cold room at 4 C for
90 dayl )
b. Seed stored in a cold room at 4 € for 90 days.

TABLE 2. COMPARISON OF HEICHT OF WHITE ASH SEEDLINGS
GROWING IN NUTRIENT CULTURE SOLUTIONS

a/
Concn and pH of __Height, cor
Hoagland's Nutrient Weeks after Placing in Solution Culturei/
Solution 2 3 A S

Half-strength, pH 6.057  8,940.6 14.7+1.2 21.5+2.5 28.413.8
Full-strength, pH 6.0  8.840.9 14.2¢1.2 20.9+1.4  27.8+1.9
Half-strength, pH 5.4 8.740.4  14.3#1.4  21.4%2.0  28.4%3.0
Full-strength, pH 5.5 8.8+1.2 14.432.0  21.3+2,5  28.4%3.4

a. Average height of nine trees per nutrienc solution with 957%
confidence limits,

b. Seedlings were 2 weeks old and 4 co high when transplanted into
solution cultures,

¢. pH adjusted to 6.0 by addition of KOH.

Lol
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TABLE 3. GROWTH OF 3-WEEK-OLD WHITE ASH SEEDLINGS
IN FOUR NUTRIENT SOLUTIONS

Concn anc pH of

Hoagland's Nutrient Fresh Oven-Dry .

Solution Height, end/ Weight, gi/ Weigt :, g2/
Half-strength, pH 6.0%/ 32.345.0 9.101.72 2.3040,38
Pull-strengeh, pH 6.0%/ 32.342.5 8.5540,97 2,36:0.25
Helf-strength, pH 5.4 31.8343,5 7.79+1.83 2.18£0.43
Full-strength, pH 5.5 32.413.6 8.79+1.88 2.1740.52

a. Average of nine trees per nutrient solution with 957% confidence
limits.
b. pH adjusted to 6.0 by additifon of KOH.

TABLE 4. CROWTH OF RED MAPLE SEEDLINGS AFTER 45 DAYS IN TWO CONCENTRATIONS
OF HOAGLAND'S NUTRIENT SOLUTIONZ

Comcn of Nutriemt  Height, cmh/ Fresh Weight, 32/ Oven-Dry Weight, gR/

Half-strength 13.2+2.5 2,91%0.57 0,71+0,15

Full-strength 13.6+3.0 3.69+1.04 0.94+0.27

a. There were 26 replications in half-strength solution and 20 replica-
tions in full-strength solution,
b. Plus and wminus values give 95% confidence limits on the mean.

e
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White ash and silver maple seedlings grown in vermiculite and peat-
perlite in the greenhouse grew quite satisfactorily and reached our pre-
determined size of 20 to 25 c¢m within 5 to &6 weeks. Red maple attained
this sf{ze in 8 to 9 weeks. Silver maple and red maple grew equally well
in both media, White ash, as judged by hei{ght after 3 weeks in the propaga-
tion medis, also grew at an almost equal rate in both vermiculite and peat-
perlite when watered from the top with half-strength nutrient sclution at
weekly intervals (Table 5). However, in all other treatment combinations
white ash grew significantly better {n vermiculite than in peat-perlite.

The two concentrations of nutrient solution were statistically indistin-
guishable from each other with respect to growth of the seedlings in peat-
perlite, whether irrigated weekly or presoaked in the nutrient. In vermicu-
lite, however, half-strength nutrient was superior when the presoaking
technique was employed. This apparent superiority of half-strength nutrient
over full-strength nutrient developed between the 2nd and 3rd week for

those seedlings growing in presoaked vermiculite. Thus, a 20-cm white ash
seedling could be obtained for transplanting into nutrient culture fa 5
weeks from the time of planting the seed when vermiculite presoaked in
half-strength nutrient solution was used as tie propagation medium,

TABLE 5. COMPARISON OF THE HEIGHT OF WHITE ASH SEEDLINGS
GROWING IN TWO PROPAGATION MEDIA
WITH SEVERAL METHODS OF NUTRITION

Height, e/

Method of Supplying Weeks after Transplanciyg into
Hoagland's Nutrient Concentration Propagation Medial
Solution of Nutrient 1 2 3
Peat-perlite
Weekly irrigation&’ Half-strength 11.420.7  14.2+0.8  16,4:0.9
Full-strength 11.6£0,7 13.0+0.8 15,6+0.9
Presoakedd’ Half-strength 9.7:0.7 11.C+0.7  11.9:0.8
Full-strength 9.6+1,0  11.3:1.1 12.321.2
Vermiculite
Weekly {rrigation Half-strength npe/ 12.5:0.8  16.7+0.9
Presoaked Half-strength 11.040.7  15.7+0.8 20,7:) .1
Full-strength 10.1:0.6  14.3+0.9  15.8+1.:

a. Plus and minus values give 95% confidence limits on the mean,

b. Seedlings were 2 weeks old and 8.0+1.0 cm high when transplanted,

¢, Irrigated from the top once a week with nutrient solution,

d. Propagation media were soaked in nutrient solution for 4 hours before
transplanting seedlings. Sesdlings were {rrigated from the bottom
with water as needed.

e. Not domne,

e i,
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B. DORMANT SEEDLINGS

The results of the photoperiod experiments (Table 6) indicate that
dormancy can be broken by a 16-hour photoperiod utilizing supplemental
low-intensity light. Ash under a 16-hour light regime produced flushes of
new growth from all viable dormant buds i{n 5 to 6 weeks. Red maple required
about twice that length of time to reach the same stage of development.
Later experiments with vermiculite, perlite, and peat-perlite under the
same conditions showed similar results. Trees of the desired size can be
grown either from seed or from dormant seedlings. However, the use of
dormant seediings is not preferable to the use of seed for several reasoms.
The source of dormant seedlings was not dependable and their seed source
was unknown. Ash and maple seedlings became etiolated in the cold room
within 9 months. Red maple seedlings from commercia! nurseries were
urdesirable because many of the trees were not single stemmed. Although
the terminal bud on ash ugsually broke dormancy first, the lateral buds of
maple broke before the terminal buds, resulting {n too many new shoots.
Often the terminal bud did not break dormancy. The ash seedlings tended
to be cumbersome and a large amount nf greenhouse space was required to
produce a population from which to select uniform candidate specimens.
Variation {n height among individuals was greater in dormant trees than in
those grown from seed.

In our investigations with dormant red maple, the type of growth was
dependent upon the planting media. Peat-perlite produced well-formed
healthy teaves. With vermiculite, marginal necrosis and slight chlorosis
of the leaf occurred. Erratic and undesirable growth from previously
dormant red maple made it difficult to obtain sufficient numbers of
uniform trees. The peat-perlite and dormant red maple combination, while
capable of producing some desirable trees, did not equal the rate of growth
and quality of seedling produced from the seed-initiated method,
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Iv. OMME ONS_FOR GROWING ASH AND MAP EE S

1) Gather three to four 8- by 12-inch polyethylene bags of ash seed
(Fig. 6) and 10 bags of maple seed (Fig. 8) from local trees. Collect the
maple seed in May and the ash seed in October after it turns brown. Silver
maple matures about a week Lefore ved maple.

2) Allow seed to dry on laboratory bench for 1 to 2 days.

3) To insure seed viability for at least 1 year, place the seed in
sealed containers and store at 4 C.

4) A cool-moist storage of 90 to 120 days at 4 C 1s necessary to break
etbryonic dormancy of ash seed. This may be done by placing seed in a
container with wet paper toweis and periodically moistening with distilled
water. This method increases percentage germination for maple seed;
howvever, maple will germinate without the prescribed cool-moist period.

5) Six weeks prior to an experiment, plant 75 ash reeds (% inch deep)
per 6-inch bulb pot of moist vermiculite, place in greenhouse or growth
chamber, and bottom water when necessary. Maintain temperature and
relative humidity at 23 to 28 C and 40 to 507 RH, respectively. Follow
the same procedure when planting maple seeds, but use only 25 seeds per
pot for silver maple and 50 seeds for red maple. Red maple should be
planted 9 weeks prior to an experiment rather than 6 weeks as with ash
and silver maple.

6) Within 3 weeks candidate ash and silver maple seedlings can be
selected for transp.anting. Red maple requires an additional 1 to 2 weeks.
These seedlings will have one set of simple leaves in addition to the
cotyledons.

7) Transplant seedlings (one or two per pot) te 4-inch pots of vermicu-
lite which have been presoaked with half-strength Hoagland's nutrient solu-
tion. Place pots on trays, bottom water as needed, and provide a l6-hour
photoperiod. Plants can also be grown in the greenhouse if supplemental
illumination {s provided from September through May. Gro-lux illumination
1s not recommended.}®

8) When the seedlings are 20 to 25 cm tall, select test specimens for
transfer to nutrient culture. This stould be 5 weeks from the initial
planting date for ash and silver maple, 8 weeks for red maple.

9) Seedlings are easily removed from the vermiculite i{f they are not
watersd 48 houra prior to transplanting. Any particles of vermiculite
clinging to the root system can be easily removed by tinsing with water,
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10) Place one or two seedlings per l-quart pot of half-strength
Hoagland's nutrient solution (Fig. 7 and 9)., The same apparatus (rubber
stoppers, aeration tubes and lines) used for bean culture can be utilized
for growing tree seedlings. Recommended growth room conditions are:
1,300 ft-c of light, 16-hour photoperiod, 25 C, and SO% RH.
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WHITE ASH

Fraxinus americana
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RED MAPLE
Acer rubrum

SILVER MAPLE

Acer saccharinum

FISURE 8. Sood o Ked Mo b and silver Naplo,
Actual s120,
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APPENDIX A

SOURCE OF MATERIALS

The following matevials were utilized in the various propagation
experimenta:

Yermiculite - Zonolite brand plaster aggregate vermiculite. Aggregate
conforus with the pcovision of ASTM specifications C35-57T. Zonolite
Division, W.R. Grace & Company.

Perlite - Perl-Lome, Horticultural Perlite, Atlantic Perlite Company,
Waghington, D.C.

Peat-mogs - Milburn Peat Company, Otterbein; Indiana.

Sand - White silica sand, fine grade, purchased from Frederick Brick Works,
Frederick, Maryland.

Sphagnum Moss - Horticultural sphagnum mosa, finely milled. Approximately
2.5 1b., of spnagnum moss were soaked in 8 liters of half-strength Hoagland's
nutrient solution for 24 hours.
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APPENDIX B

GREENHOUSE AND GROWTH CHAMBER ENVIRONMENTAL CONDYTIONS

1. Light - All light readinges were det2imined by a Weston illumination
meter Model 756 with quartz filter,

a, Greenhouse - This 16-hour photoperiod consisted cf natural daylength
cupplemented by cool-white flvorescent lamps (G.E. T10 reflector lamps,
200-watt). A minimum intensity of about 400 ft-~c was provided.

b. Growth Chamber - The lé<hour photoperiod in the growth chamber was
provided by 18 high-output cool-white fluorescent lamps and eight 75-watt
incandescent bulbs, Light intensity during the course of these studies
varied from about 1,000 to 1,300 ft-c at pot height,

2. Temperature and Relative Humidity

All temperature and relative humidity data were recorded by Hygro-
thermographs, manufactured by Friez Instrument Division, Bendix Aviation
Corporation, Baltimore, Maryland,

a. Greenhouse

The temperature and relative humidity in the greenhouse ranged from
23 to 28 C and 40 to 507, respectively, October through May., During the
summer months the temperature often exceeded 38 C and the relative humidity
exceeded 907.

b. Growth Chamber

The temperature and relative humidity were normally maintained at
25 C and 50%, respectively, However, over the entire period in which these
studies were performed the ranges of temperatures and relative humidities
encountered were 2533 C and 601157, respectively.
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APPENDIX C

COMPOSITION OF NUTRIENT SCLUTION

The following table gives the composition of the nutrient solution used
for growing trees. It is a slight modification of the Hoagland and Armon
nutrient solutior No. 1 {n that a chelated source of iron is used rather
than ferric tartrate or citrate,

Miliiliters per Liter
of Final Vclume
for a Half-Strength
Stock Sclutions Solution

Moles per Liter
Stoeck Solution

1. KNOy 1 2.5
2. Ca(N03)2 1 2.5
3. Mgso, 1 1.0
4. KHyPO, 1 0.5
Grams per Liter

5. Micro elements (one solution): Stock Solution 0.5

H4B0, 2.86

MnCl,°4H,0 1.81

ZnS0, * 7TH,0 0.22

CuS0y* 5H,0 0.08

Y

“2"°°a Hy 0= 0.02
6. Source of iron:

Sequestrene 3309/ 24.0 0.5

a. Assaying 857 MoOj3.
b. Geigy Chemical Corp., Sawwill River Road, Ardsley, New York. This
solution should be autoclaved after preparation.
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This study evaluated methods and establiched procedures for growing
seedling trees to a predetermined uniform size. White ash (Fraxinus
americana L.) eeed gathered in the fall from indigenous sources was
placed in a cocl-moist environment for 90 days to break embryonic
dormancy. Red maple (Acer rubrum L,) and silver maple (Acer saccharinum
L.) were similarly obtained in the spring but did not require a cold
treatment. Seeds were germinated in vermiculite, a 1:1 peat-perlite
mixture, and washed silica send in the greenhouse and in a growth chamber.
Following emergence, the seedlings were grown for various periods in a
growth chamber in nutrient culture as well as in the above media in the
greenhouse under supplementary light.

In contrast, dormant ash and maple seedlings were obtained commer-
cially and exposed to various photoperiods. Daylengths of 16 and 20
hours were used in the growth chamber studies. Greenhouse photoperiods
of 16, 20. and 24 hours were achieved by supplementing the natural day
of 10 to 11 hours with increments of fluorescent or incandescent 1ight.\,‘
- N
The solution culture system is the only practical method that provid&g
the opportunity for analyses or autoradiography of both foliage and roots.
The optimum procedure evolved here was to germinate seed in vermiculite
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and transplant into individual pots of vermiculite, initially saturated
with Hoagland's nutrient solution, when the seadlings were about &4 cm

ferred to aerated solution culture and were considered ready for experi-
mental use after 2 to 3 days of acclimatization. The environmental

parameters were 25+3 C, 60+157 RH, and a 16-hour photoperiod of
1,000+300 ft-c,

When grown from seed, ash and siiver maple requirad 5 weeks to reach
the optimum height of 20 to 25 cm; red maple required 8 to 9 weeks.
We have successfully grown trees in solution culture in l-quart pots for
2 months with no special requirements other than periodic replenishment

of the solution, The only limitation to growth of larger trees would be
the need for physical support.

tall. After attaining a height of 20 to 25 cm, the seedlings were trans-
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