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Abstract.--Initial assessnent of the feasibility of fall lifting
ponder osa pine seedlings at Bend Pine Nursery, O egon, involved
calculating fall chilling hours and nonitoring rel ease of seedlings
fromdormancy. Seedlings lifted earliest failed to break bud, whereas
budbreak was accelerated for trees lifted later in the fall. Results
suggest that chilling was required to rel ease seedlings fromdornancy.
| NTRODUCTI ON nore, storage can be unsuccessful if seedlings

Three basic lifting practices are avail able
for use in high elevation or |atitude nurseries:

(Option 1) fall lift and plant, (Option 2) late
winter or spring lift and plant, and (Option 3)
fall lift, overw nter storage, and plant.

Di sadvant ages of Option 1 include risks that
early fall snows or drought will terminate the
planting operation (Tung et al. 1986) and that
stock will be lifted before it is physiologically
ready (Ritchie et al. 1985). Fall lifting date

is critical because of the potential to upset
natural phases of dormancy and rel ease of
seedl ings from dormancy.

A di sadvant age of option 2, the npst conmon
practice in the Northwest, is that nursery soils
may renmain frozen in the spring when sites are
ready for planting. In addition, seedlings |eft
in the ground during wi nter nonths nay be exposed
to desiccating conditions and may be sensitive to
physi ol ogi cal stress at the end of the safe
lifting window (Ritchie and Dunlap 1980, Ritchie
et al. 1985).

Di sadvant ages of option 3 include that of
Option 1 regarding fall lifting date. Further-
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are lifted prior to the period of deep dormancy,
when buds are not responsive to chilling (Stone
and Schubert 1959, Ritchie and Dunlap 1980).
Seedl i ngs which are not at their fully dormant
stage have higher respiration rates (Hocking and
Ward 1972, Navratil 1973) and may deplete their
reserves faster during storage than do fully
dormant seedlings. Use of Option 3 has been

di scouraged in the past (Hocking and Nyl and 1971,
Hermann et al. 1972, Navratil 1973), based on
data primarily derived fromresearch on md- or

| ow- el evation conifer species (Tung et al.

1986). Recent studies, however, indicate that
fall lifting and |ong-termcold storage of high
el evation or latitude stock are feasible (Ritchie
et al. 1985, Tung et al. 1986).

Fall lifting and overw nter storage ensure
that stock is available when sites are ready for
planting. This practice alleviates wi nter |osses
due to rodents, desiccating winds, or extreme
t enper atures (Hocking and Nyland 1971). In
addition, it allows greater flexibility in the
wor kl oad and makes nursery areas avail able for
early cultivation (Hocking and Ward 1972, Millin
and Bunting 1972, Hinesley 1982). Low
tenperature storage of seedlings also can play a

role in satisfying chilling requirements (van den
Driessche 1977, Ritchie et al. 1985). The
relati onship anong lifting date, chilling hours,

and dormancy intensity for ponderosa pine is not
wel | known.

Bend Pine Nursery (Bend, Oreg.) is |located
at an elevation of 3700 ft (1100 m), where soils
can remain frozen in spring when | ower el evation

forest sites are ready to plant. Fall lifting
has not been attenpted recently at this nursery;
however, the practice of fall lifting and

overwi nter storage is used for a variety of
coni fer species at three USDA Forest Service
nurseries in the Northwest/I|ntermountain



regi on--Wnd River Nursery (Carson, Wash.), Lucky
Peak Nursery (Boise, Idaho), and Couer d'Al ene
Nursery (ldaho). These nurseries are simlar to
Bend Pine Nursery in that their operations are
subject to winter snows and frozen soils.

A prelimnary trial was initiated in fal
1986 to assess the feasibility of fall lifting at
Bend Pine Nursery. The objectives of the
investigation were to deternmine (1) the dornmancy

status of fall-lifted trees and the preferred

chilling range for rel ease of seedlings from

dormancy, and (2) the relationship between

cunul ative chilling hours and budbreak.
METHODS

Two-year ol d seedlings fromthree seed
sources (courtesy of Warm Springs Indian
Reservation in central Oregon--seedlots 38-85112
[3000 ft], 38-85110 [3500 ft], and 38-85105
[4000 ft]) were selected for study. These seed
sources were chosen because seedlings could be
destined for sites which are plantable prior to
the average spring thaw in the nursery--a
situation in which fall Iifting and overw nter
storage coul d be advantageous. Seedlings were
shovel -lifted on three dates (COctober 22
Novenber 5, and Novenber 13, 1986) from four
replications of each seed source. An additional
lift of seedlings fromseed source 3500 ft was
made on February 19 , 1987. Imediately after
lifting, seedlings were packed in ice, trans-
ported to Corvallis, Oreg., and placed in cold
dark storage (2°C) for approximately 12 h.

Seedl ings from each replication then were potted
(10 seedlings per pot, 4 pots per seed source) in
a 1:1:1:2 soil:sand: peat: pumice m xture and
placed in a glasshouse with a 13-h extended

phot operi od supplenmented with lighting from
300-watt incandescent bulbs. Daily nmaxi num and

m ni mum t enperatures were approxi mately 24°C and
12°C, respectively. Soil noisture was nmintained
near saturation.

Dormancy intensity was deternined by scoring
each seedling for terminal budbreak (separation
of bud scales to reveal emerging needles) and
tallying percent budbreak for each pot of
10 seedlings. Seedlings were nonitored for 20 wk
after each 1986 |ift date; the 1987 lift was
assessed for 7 wk

Sensors at the nursery weather station took
a tenperature reading every 5 min and recorded
hourly averages. Cunul ative chilling hours were
determ ned by sunmi ng the nunmber of hours that
the average hourly tenperature was within a given
range. Tenperature ranges were defined as:
(1) less than or equal to 5°C (41°F), (2) 0-5°C
(3) less than or equal to 10°C (50°F), and
(4) 0-10°C. The starting date for accunul ation of
chilling hours was set arbitrarily as Septenber
10. Chilling hours were calculated for three
sensor | ocations from Septenber 10, 1986 to
February 19, 1987.

To quantify the relationship between

chilling hours and budbreak, percent budbreak for
each seed source after 20 wk was pl otted agai nst
cunul ative chilling hours. Exami nation of

residual plots after fitting |inear

rel ati onships, lack of fit tests, and tests for
nonconstant error variance (Weisberg 1985)
suggested that |inear nopdels were not appropriate
for the untransformed data. An arcsine square
root transformation of the budbreak proportions
was found to linearize the relationship and
stabilize the variance for seed sources 3000 and
4000 ft; a quadratic termwas required for
fitting the regression equation for seed source
3500 ft.

RESULTS
Chilling hours generally started to
accunul ate during Septenber, and increased |ater
in the fall, regardless of chilling tenperature
range (fig. 1). However, as indicated in
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Figure 1.--Cunulative chilling hours from

Sept ember 10, 1986 to February 19, 1987 at
20 cm above the surface for four tenperature

ranges.
figure 1, cunulative chilling hours differed

dependi ng on the tenperature range defined. For
exanpl e, cunulative chilling hours in February

differed nearly threefold between the tenperature
range | ess than or equal to 10°C and that from
0 to 5°C

As expected, the later the |ift date, the
nore chilling hours the seedlings received
(table 1). Chilling hour data (tenperature range
| ess than or equal to 5°C) for the sensor 20 cm
above ground surface indicated that the first
three lift dates differed by over 100 h each
(table 1). Mre than 2400 chilling hours were
received by seedlings lifted February 19

Percent budbreak was simlar for all three
seed sources (fig. 2). Budbreak in the gl ass-
house environnment was virtually nonexistent for
trees lifted Cctober 22; no budbreak occurred



in seedlings fromseed sources 3000 and 4000 ft.
Slightly nore activity (8-13 percent budbreak
after 5 mo) occurred in seedlings lifted

November 5, and the percentage of seedlings which
flushed after 12, 16, and 20 wk increased

consi stently for all seed sources lifted

Novenber 13. Budbreak was especially accel erated
for seedlings (seed source 3500 ft) lifted
February 19 (fig. 3). These trees achieved the
same anount of budbreak after 6-7 wk as the trees
lifted on Novermber 13 did after 20 wk.

In an attenpt to determ ne a preferred

chilling range for rel easing ponderosa pine
seedl ings from dormancy, percent budbreak after
20 wk was plotted against cunmulative chilling

hours for the four tenperature ranges studied
Simlar to findings of Ritchie et al. (1985), al
chilling ranges exhibited simlar patterns and
none was clearly advantageous. Therefore, the
range |l ess than or equal to 5°C was utilized for
remai ni ng anal yses because of its practical use
in tallying chilling hours in some Northwest
nurseries (Ritchie et al. 1985).

The rel ati onship between budbreak proportion
after 20 wk (transformed) and cunul ative chilling
hours was |inear for the 3000 and 4000 ft seed
sources. Regression equations derived fromdata
on these seed sources did not differ
statistically (p > .05); therefore, data were
combi ned to produce a single |linear regression
nodel (fig. 4, budbreak = -1.074 + .003 [chilling
hours]). Differences in chilling hours accounted
for 74 percent of the variation in budbreak for

Table 1. Chilling hours accumul ated from Sept enber
10, 1986 to four 1986-1987 lifting dates at
three sensor |ocations for four
t enperat ure ranges

Chilling hours

Sensor accunmul at ed
| ocation Tenper ature ranges
Ti ne period above ground <5°C 0-5°C <10° 0-10°C
Sept 10-Cct 22 1.5 m 322 278 666 622
20 cm 396 290 644 538
surface 205 195 533 523
Sept 10-Nov 5 1.5 m 443 382 884 823
20 cm 533 391 856 714
surface 337 327 737 727
Sept 10-Nov 13 1.5 m 599 477 1065 943
20 cm 683 472 1029 818
surface 474 441 908 875
Sept 10- Feb 19' 1.5 m 2459 1466 3336 2343
20 cm 2478 1369 3238 2129
surface 2551 1863 3210 2522

Y nformation from4:00 p.m Decenber 8 to
11: 00 a. m Decenber 9 not avail able
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Fi gure 2.--Percent budbreak (x SE) for seedlings

from seed sources (A) 3000 ft, (B) 3500 ft
and (C) 4000 ft assessed for 20 wk after
three lifting dates.



these two seed sources (n = 24). A curvilinear
rel ati onship existed for seed source 3500 ft (n
= 12), with a coefficient of determnation
equal to .85 (fig. 4, budbreak = 2.874 —

. 013 [Shilling hours] + .00001 [chilling

hours] ).

DI SCUSSI ON

The nunber of chilling hours required for
growth to resune foll ow ng dormancy has been
estimated at 1200 h at 0-10°C or 1400 h bel ow 5°C
for Douglas-fir (Ritchie and Dunlap 1980). Such
information for ponderosa pine is lacking. Wth
the assunption that differences in budbreak
between lifting dates were due to differences in

cunul ative chilling hours, the results of this
trial suggest that seedlings fromthe tested
seedlots had a chilling requirement. Seedlings

in the greenhouse were never exposed to | ong

phot operiods (e.g., 16 h), which can conpensate
partially for inadequate chilling (Canpbell and
Sugano 1975). Apparently, seedlings were in deep
dormancy during the early fall lift, and may have
been unable to resune growth because they needed
chilling hours (Perry 1971). Thus, seedlings
coul d have been rel eased from dormancy with the
accunul ation of chilling hours (e.g., Lavender
1985).

In contrast to the findings of this trial
Tinus et al. (1986) reported no chilling
requi renent for ponderosa pine. They used a high
el evation (7000 ft) Arizona seed source and
rai sed seedlings in containers under greenhouse
condi tions.

Chilling hour data were retrieved fromthe
weat her station with only m nor problens.
Installed recently (June 1986) for the USDA
Forest Service Reforestation |nprovenent Program
(see Rietveld, this proceedings), the weather
station imediately showed its potential use in
coll ecting beneficial information for the
nursery. Nonethel ess, determnation of chilling
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Fi gure 3.--Percent budbreak (x SE) for seedlings
from seed source 3500 ft assessed for seven
weeks after lifting February 19, 1987
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Figure 4.--Rel ationship between budbreak

proportion (transforned) and chilling hours
for seed sources (A) 3000 and 4000 ft, and
(B) 3500 ft.

requi renents poses numerous problenms. Not al
chilling tenperature hours below a specified
quantity are equally effective in releasing
seedlings fromdormancy (Ritchie et al. 1985).
In addition, the chilling period may be
interrupted by warm tenperatures. The

rel ati onshi p between chilling hours and rel ease
of seedlings from dornmancy under controlled
environments will be nore intensively studied
during fall 1987. In addition, investigations of
the interaction between dormancy intensity of
fall-lifted trees and the ability to tolerate

| ong-term storage, as well as of effects of fal
lifting and | ong-term storage on seedling

car bohydrates and outpl anting perfornmance, are
pl anned for 1987.
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