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Abstract.--This paper describes the procedures for greenhouse
production of container grown quaki ng aspen seedlings used at the
ol orado State Forest Service Nursery in Fort Collins, Colorado.
Topi cs include; seed collection and sow ng, transplanting,
thinning, exponential growth, hardening, pruning, grading, and a

conpari son of spring and wi nter

I NTRODUCTI ON

The Col orado State Forest Service Nursery in Fort
Col lins, CQ began greenhouse production of container
grown quaki ng aspen (Populus trenul oi des Mchx.)
seedlings on an experinental basis in the fall of 1983.
Several crops have been grown since that tine and many
experinments have been conducted to inprove the
production process. The information presented here is a
conposite of the know edge gai ned from those several
crops and experinents, and represents the best nethodol ogy
for producing quaki ng aspen seedlings devel oped thus far
by the nursery.

SEED COLLECTI ON

The Col orado State Forest Service Nursery
coll ects aspen seed rather than purchasing it,
because |arge quantities of seed can be quickly
col l ected fromnearby sources in a good seed year. The
seed will remain viable for several years when
properly cleaned and stored.

Fermal e aspen clones typically produce |arge
quantities of non-dormant seed having 90 percent or
greater gremnation every 3 to 5 years (US
Departnent of Agriculture, Forest Service 1974).
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crop growth rates.

Seed matures late My to md-June at 2350 mel evati on west
of Fort Collins and is collected just prior to

rel ease. When the capsul es can be split open by hand
fairly easily along the lines of suture and the seeds
within are tan, rather than the pale green col or of

i mature seeds, branches bearing catkins are pruned from
sel ected seed trees and brought indoors. Seed shed and
cl eaning should be located in a clean, warmroomwith
low relative humdity, |ow air novenent, and mninal other
concurrent uses.

The ends of the collected branches are recut and
placed in water to keep the | eaves fromdrying. Pieces of
dried leaves are very difficult to separate fromthe seeds
during the cleaning process. Supplying water to the
branches al so permits the capsul es to continue devel opi ng,
and seed release occurs within 7 to 10 days. Procedures
for cleaning aspen seed with a series of soil screens
have been described by Roe and McCain (1962). Their
approach is inproved with the use of a canister vacuum
cl eaner which can both collect the seeds once shed and
supply the forced air needed for cleaning.

Seed npoi sture content is too high at the tine of
rel ease for successful long-termstorage. |f the seed
is allowed to conme to equilibriumw th the atnosphere
by waiting 1 to 2 days before vacuum ng and cl eani ng, no
further drying measures are usually necessary. Seed
noi sture content of 6 to 8 percent of fresh weight
pernmits 4 to 6 years storage in air tight containers at
-18°C (Fechner et al. 1981, Wang 1973). Aspen seed can
be maintained with freezer storage nuch |onger than at
storage tenperatures above freezing (Benson and Har der
1972).

The quality of the seed, whether just col -
lected or retrieved fromstorage, can be quickly checked.
Radi cl e and hypocotyl elongation are evident in 48
hours from aspen seed sown on npoist blotter paper in
a covered petri dish at 20°C (McDonough 1979). It is
best to determ ne seed



quality prior to sowing or storing, as well as to

nonitor stored seed periodically.

The cost incurred by the Col orado State For est
Service Nursery in 1984 for seed tree selection and
noni toring, and seed collection and cl eaning, was
$2.20 per gramof pure seed. This is based on an
hourly wage of $10 and the discontinuing of cleaning
when a purity of at |east 90 percent is reached.
There were 5300 seeds per gram at a noisture content
of 8.4 percent in this particular collection, as
cal culated fromtwo sanples of 50 seeds each.

SOW NG

The greenhouses at the nursery are fully
controlled with fan and pad cooling, overhead
irrigation systens through which fertilizer is applied,
suppl enental CO2, and intermttent |ighting for
phot operiod control. A standard greenhouse environment
used for growi ng several species of containerized conifers
at the nursery is also used for aspen production

(fig. 1).

SPECIES Quaking Aspen CONTAINER 458 cc
CROP_Spring 1984

Aspen seed is sown directly onto dry Forestry Mx
(W R Gace (.) in olorado Styro-Bl ocks (30, 458 cc
cavaties) after the bl ocks have been nachine filled with
m x and noved to the greenhouse benches. Sow ng is done
by hand using a salt shaker with only one hole (1.5 to
2.0 mmdianeter) open. An average of five seeds pass
through the hol e per shake. This sowing rate is based on
germination of 85 to 90 percent. The nunber of enpty
cavities is too great if an average of 2 to 3 seeds
are rel eased because of a wide range in the actual
nunber of seeds rel eased each shake. Seeds can be sown
with a salt shaker, one shake per cavity, at the rate
of approximately 9000 cavities per hour.

No surface treatnent is applied after the
seeds are sown, such as the addition of a |ayer of
perlite or grit. Seedling enmergence can be inhibited by
a sowi ng depth of only 2 mm (MDonough 1979). The
Styro-Blocks are irrigated i mmedi ately follow ng sow ng
with the overhead nist systemuntil soaked through and are
then irrigated as needed, typically three tines per day, to
prevent the surface of the mx fromdrying during the
first 12

OUTPLANTING Spring LOCATION Colorado State Forest Service Nursery, Fort Collins, CO
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Figure 1.--Growing schedule of the spring 1984 crop of quaking
aspen seedlings at the Colorado State Forest Service Nursery.



days. After that tine, seedlings are irrigated with
fertilizer approximately twi ce per week.

GERM NATI ON AND TRANSPLANTI NG

One week after sowing, germination is conplete
and seedlings are approximately 0.5 cm in height
with cotyledons only. Seedlings reach an average
height of 1.0 cm (range = 0.8 to 1.3 cm and the
first pair of true leaves is visible at the end of
the second week after sowing. Root systems are
fibrous and two-thirds the I ength of the above ground
portion of the seedling at this tine.

The aspen are transplanted fromcavities with
excess seedlings to enpty cavities during the second
week (fig. 2). Seedlings are lifted with the bl ade
of a small knife and placed in a dibble hole in
anot her cavity. An estimted 5 percent of the total
cavities sown with a salt shaker require transplants,
and nuch of the tine required for transplanting is
spent locating enpty cavities. Cavities can be
exanmi ned and the enpty ones filled at the rate of
1800 cavities per hour. However, if enpty cavities
are already identified, transplanting at the rate of
300 seedlings per hour is possible.

Seedl i ngs show no short termill effects from
transpl anting, such as wilting, when transpl anted at 1
cmtall. Transplanted seedlings (150) and non

transpl anted seedl i ngs (150) were nonitored until
reachi ng an average height of 51 cmto determine if
there were any long termeffects of transplanting.
Seedlings transplanted at 1 cmtall were not
significantly (p = 0.5) different in mean height,
caliper, or nortality rate than non-transpl anted
seedlings thinned at 1 cmtall.

Hei ght Cal i per Mortality

cm nm %
Transpl ant ed
seedl i ngs 53 4.1 7.3
Non-t ranspl ant ed
seedl i ngs 49 4.0 5.3
Statistical

2

t est t-test t-test Chi

Transpl anting an entire crop fromseed sown in flats is
not reconmended. Not only is it unnecessary for seedling
establ i shnent, but because the seedlings grow very fast, it is
nearly inpossible to transplant |arge nunbers of
seedlings before overcrowding in the flats adversely affects
seedl i ng nor phol ogy.

THI NNI NG

Thinning to one per cavity is done early in the
third week after sowi ng when the seedlings

are at a height of 1.0 to 1.5 cm Because the
seedl i ngs double in height, from1.0 to 2.0 cm

Figure 2.--Transplanti ng a quaki ng aspen
seedling two weeks after sow ng.
Seedl i ng height is 8 nm

during the third week, they are within this height range
for only 3 to 4 days. It is extrenely inportant to
thin before the seedlings becone taller than 1.5 cm
Hi gh seedling density affects seedling norphol ogy very
rapidly when seedlings within a cavity begin to conpete as
they increase in size. Early conpetition results in

accel erated height growth associated with poor caliper
devel oprment. Seedlings with this spindly formare
unabl e to remain upright after irrigating because of
the weight of the water on the foliage. Taller upright
seedl i ngs then suppress shorter ones.

VWhen determining how nmany aspen to sow at any
one tine, it is better to stagger the sowngs than to sow
nore than can be thinned in a 4-day period.
Seedlings can be thinned at the rate of 400 cavities
per hour.

EXPONENTI AL GROWTH

Aspen seedlings sown in the greenhouse in spring
or summer doubl e in height the second, third, and
fourth weeks after sowing, triple in height the fifth
week, and then naintain a growth rate of approximately 1.5 cm
per day until hardening is begun (fig. 3). Seedlings
reach an average height of 45 cmin 8 weeks and
average greater than 60 cmtall in 10 weeks. This rate
of height growth is approximtely tw ce that reported
by others grow ng quaki ng aspen seedlings (Fi sher and Fancher
1984, Ckafo and Hanover 1978) and natural |y established
seedlings may require 4 years or nore to reach an average
hei ght of 45 cm (WIlians and Johnston 1984).

A major concern during this period of rapid
growth is providing enough water to the roots. The
| eaves shed a great deal of water fromthe overhead
m st system as the canopy closes. Large seedlings in
the Syro-Blocks (fig. 4) need to beirrigated 1.5 to 2
hours to conpletely soak the
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Figure 3.--Height and caliper growth of the spring 1984 crop
of quaki ng aspen sown May 3, 1984. Seedlings were greenhouse
grown until July 3, 1984 and then noved to a shadehouse for hardeni ng. The
rate of height growmh between weeks 5 and 8 is 1.5 cm per day.
the containers. This is 3 to 4 tinmes longer than is 1984, stopped after 4 to 5 weeks in the shadehouse. Fi nal
necessary prior to canopy closure. If the seedlings mean hei ght was 68 cm Extensive root system
are not thoroughly irrigated, shallowroot systens devel op devel opment foll owed. Caliper growth continued into
which can lead to frequent wilting, slowed growth, and Cct ober at which tinme the | eaves turned col or and
the inability to grade seedlings because they cannot absci sed normally. Mean caliper in

be renoved fromthe containers with intact rootballs.

HARDENI NG

Spring and sunmer sown greenhouse crops are
hardened, as well as overw ntered, in shadehouses at the
nursery. Actively grow ng aspen nust be noved to
shadehouses by early August in the Fort Collins area.
Crops noved to shadehouses | ate August do not conplete
termnal bud devel opment and have high nortality the
follow ng spring.

At the start of the hardening period, excess
nutrients are | eached fromthe contai ners and the seedl i ngs
are mldly drought stressed. The fertilizer is
changed from high N PK plus mcronutrients to | ow N PK
plus micronutrients. Containers should be kept up off
the ground until fall to allow adequate air pruning
of the roots. Deer fencing around those areas of the
shadehouses storing aspen is also necessary at the
nursery.

Hei ght growth of the spring 1984 crop (fig. Figure 4.--Quaking aspen seedlings in
3), which was noved to the shadehouse July 3, Col orado Styro-Blocks at the end of
t he exponenti al growt h phase.

Aver age seedling height is 55 cm



xtober was 5.54 nm Lateral and terminal bud
jevel opnent were excellent. Overwintering nor- 36
;ality was less than 1 percent.

TOP PRUNI NG

Top pruning at the begi nning of the shadehouse
rardeni ng period was tested as a neans to stop
1ei ght growth quickly and i nprove cali per
Jevel opment relative to unpruned seedlings. Results
vere the opposite. Eighteen Styro-Bl ocks of
seedlings fromthe spring 1984 crop were pruned 2
Jays after being noved to the shadehouse (July 5,
1984) for conparison with the rest of the crop (692
anpruned Styro-Bl ocks). Average height was 57 cm
Jrior to pruning and 27 cmafter pruning. Average
caliper of both groups was 3.9 mmat the time of
aruni ng. Pruning induced |ateral bud break and the
uned seedlings continued to put on top growth 2 weeks
onger than the rest of the crop, thus delaying the
1ardeni ng process. The caliper of the pruned
seedl i ngs 21 weeks after sowing (Cctober 1, 1984)
averaged 4.6 mm This was significantly (t-test, p =
05) less than the caliper of the rest of the crop
shich averaged 5.5 nmmat that time (fig. 3). If top
uning is necessary to reduce seedling height, it should
Je done after the seedlings are dornant.

Hei ght reduction is best acconplished by
shortening the period of tine for accel erated
Jreenhouse growth. The spring 1984 crop (fig. 3) was
yrown in the greenhouse for 61 days and reached a
“inal average height of 68 cm A crop sown in the
sunmer of 1984 was grown in the greenhouse for 51 days
and reached a final average height of 50 cm (fig. 5).
3oth crops were shadehouse hardened and had very
simlar height growth curves for the first 51 days.
The 10-day difference in the growng period results in
1 substantial difference in final height because of the
L.5 cm per day height growth rate during the ex-
sonential phase.

GRADI NG

Figure 5.- -G aded, dornmant quaki ng aspen
seedlings fromthe spring 1984 crop (left)
and a sunmer 1984 crop (right). The
har deni ng process was begun 61 days after
sow ng the spring crop and 51 days after
sowi ng the sunmer crop.

Grading is nost efficiently done in the
shadehouse after |eaf abscission. The seedlings are
2asily handl ed and i nspected then and the | arge
Tejority of the season's root growth has occurred.
Three criteria are used in grading. First, the
seedling must be heal thy. Second, the stem nust be
straight and upright, and within a fairly broad
1ei ght range dependent upon the particul ar crop.

of the exponential phase (see Transplanting tabul ation).
Thus nearly 45 percent of the cavities sown contain

Third the root svstem must be extensive enough to living seedlings at that time which will not neke grade.
S Y . 9 The 45 percent cull rate is the result of seedling
dermt intact renoval of the seedling fromthe Styro- N . . . g
variability. To illustrate this, all 30 seedlings in

3l ock. Grading on the basis of caliper is infrequent
Jecause seedlings with poor caliper devel opnent also
Jsual Iy have poor stem form and i nadequate root

syst ens.

a randomy selected Styro-Block froma crop 2 weeks into
the hardeni ng period were measured and ordered by hei ght
(fig. 6). Only the tallest 15 seedlings had
sufficient caliper to remain upright wthout support
The nunber of seedlings that make grade is from adj acent seedlings. The next _6 smal | er seedlings
. S had poor stemformand were being partially shaded and
Appr oxi mat el y 50 lpercent of the total cavities conpl etely supported by adjacent seedlings. The smal |l est
sown. Mortality is only 5.3 percent at the end 9 seedlings, one of which had died (d), were
conpl etely shaded by taller seedlings and were grow ng
intertw ned among themor on the surface of the Styro-
Bl ock. Only the large dom nant seedlings nmake grade

at the end of the hardening period.
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Fgure 6.--Variability in seedling height and caliper two weeks
into the hardening period within a single Styro-

Bl ock of 30 seedlings.

A nmethod for producing a nore uniformcrop has
yet to be devel oped. Slowing the growth rate by
novi ng established seedlings fromthe greenhouse to the
shadehouse for the majority of the exponential growth phase
is being considered. Sorting the seedlings by size when
20 to 30 cmtall to reduce the conpetition should
decrease the cull rate substantially. However, Styro-
Bl ocks, being single 30-cavity units, are not
anmenabl e to this, and the seedlings cannot be renoved
fromthe blocks with intact rootballs until well into
the hardeni ng peri od.

W NTER CROPS

The growth of winter aspen crops can be as
unpredictable as the weather. Growth rates are slower,
relative to spring and summer crops, due to the shorter day
length and | ower light intensities. However, extrenely
slow rates are possible. The height growth of the

winter 1984 crop (fig. 7), sown Decenber 3, 1984, was
simlar to that of the spring 1984 crop (fig. 2)
during the first 3 weeks follow ng sow ng. But the

exponential growth phases of the two crops are drasti-
cally different. Ten weeks after sowi ng, the winter
1984 crop averaged only 10 cmtall while the spring
1984 crop averaged 60 cmtall. The weather during
weeks 3 through 10 of the winter crop was unusually cl oudy
and the sharp increase in growth after the tenth week was

associated with a concurrent inprovenment in the
weat her .
Such extrene variability in growmh rates can

cause scheduling problens. The extension of the

time required for the exponential phase can re

One of the 30 was dead (d).
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Figure 7.--Height growth, from sow ng
through the exponential growth
phase of the wi nter 1984 crop of
quaki ng aspen seedlings sown
Decenber 3, 1984.
suit in a crop of the desired height but for which

there is no tine remaining for the greenhouse har -
dening. The uncertainty of winter crops can be

avoi ded wi thout reducing the total nunmber of seedlings
produced by growing two crops during the spring and
summer nonths. Wth a maxi num of 8 weeks greenhouse
time required per spring crop,



two crops can easily be grown in succession in
time to begin shadehouse hardening by August 1.
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