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The Forest Research Laboratory, Oregon State University, is
part of the Forest Research Division of the Agricultural Experiment
Station. The industry-supported program of the Laboratory is aimed at
improving and expanding values from timberlands of the State.

A team of forest scientists is investigating problems of growing

and protecting the timberland crop, while wood scientists endeavor to
make the most of the material produced.
The current report stems from studies of forest management.
PURPOSE

.

.

.

Develop the full potential of Oregon's timber resource by:
increasing productiveness of forest lands with improved practices.
improving timber quality through intensified management and selection of superior trees.

reducing losses from fire, insects, and diseases--thus saving timber for products and jobs.
Keep development of the forest resource in harmony with development of
other Oregon resources.
PROGRAM

.

.

.

REGENERATION through studies of producing, collecting, extracting,
cleaning, storing, and germinating seed, and growing, establishing, and protecting seedlings for new forests.
YOUNG-GROWTH MANAGEMENT through studies of growth and develop-

ment of trees, quality of growth, relationship of soils to growth,
methods of thinning, and ways of harvesting to grow improved
trees.

FOREST PROTECTION through studies of weather and forest fire behavior to prevent fires, of diseases and insects to save trees, and of
animals to control damage to regrowth.

TREE IMPROVEMENT through studies of variation, selection, inheritance, and breeding.
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SUMMARY

The effect of lifting Douglas-fir seedlings from the nursery bed
and replanting them, either immediately or after storage at 2 C for
periods up to six weeks, was investigated through a series of experiments conducted in controlled-environment chambers and under field
conditions. Seedlings lifted prior to December, or after buds began to
swell in the spring, were affected adversely by transplanting and any
period of cold storage. Physiology of the seedlings was disrupted by
lifting or storage prior to December, as evidenced by reduced growth of
shoots and roots and by poorer survival of the plants in the field. The
disruption was not transitory, but lasted at least through the following
period of growth.
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Date of Lifting
for
Survival

of Douglas-Fir Seedlings
Denis Lavender
INTRODUCTION

Constantly rising cost of reforestation has stimulated numerous
studies of failures in planting. One important variable, largely ignored
in early studies of survival in plantations, is physiological condition of
seedlings at time of planting. The present report discusses the effects
of date of lifting and methods of storage upon field-survival potential and
physiology of Douglas -fir seedlings.

Objectives were to determine, first, whether lifting Douglas-fir
planting stock from nursery beds during September, October, and November, or just prior to buds bursting in the spring, has a lasting adverse effect upon the general physiology of the seedlings as reflected, by
their survival in field plantings; second, whether specific facets of
growth, that is, regeneration of roots, growth of shoots, net increment,
are affected by these same procedures; and third, whether there is correlation between survival in field and responses in growth.
Wakeley (29)* noted that no system has been developed to evaluate accurately the physiological condition of southern pine planting
stock, but that high physiological quality appears to result in formation
of new roots and consequent favorable water balance in seedlings shortly after planting. This author further stated (Z9) that various techniques
in the nursery may affect greatly the physiology of pine seedlings.

The effect of the date of lifting stock from nursery beds and the
duration of subsequent storage has been investigated by several workers during the past twenty years (1-10, 12-19, 21, 28, 30, 31). Finally, a series of investigations by Stone and co-workers (22-27) at the
University of California and the Pacific Southwest Forest and Range
Experiment Station presents in detail the effects of date of lifting and
period of storage upon the root-regenerating capacity of ponderosa pine
(Pinus ponderosa Laws.) and Douglas -fir (Pseudotsuga menziesii (Mirb.)
Franco) grown in four forest nurseries in California.
Present investigations were conducted over a period of three
years, both in the controlled-environment facilities of the Forest Research Laboratory and in out-planting areas.

*Numbers in parentheses refer to similarly numbered references.
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EXPERIMENTAL PROCEDURE

Plantings were made for three years in two areas in the field
and in 3-gallon cans at the laboratory.

In the field
During the fall and winter of 1959-60, seedlings were lifted from
the nursery every two weeks from late August until early December,
and then again in February. One hundred seedlings were planted in each
of two out-planting. areas immediately after lifting. Survival in the field
was measured during the summer and fall of 1960. Each month, from
September and again in February, mycorrhizal development (32) and
activity of roots were determined for a lot of seedlings immediately
after lifting. Other seedlings of these same lots were grown in a controlled environment for a month prior to determining activity of shoots
and roots.

The experimental design followed during the fall and winter of
1960-61 was the same as for the first year with the following modifications: three-year-old seedlings grown from seed from three widely
separated sources were tested together with the two-year-old seedlings;
there was only one out-planting area; and the lifting period was extended

to early April.
Only one source of seed was included in tests made in the winter
of 1961-62, and this third year's work differed from that of the preceding two in that the effects of differing periods of cold storage were evaluated for each date of lifting.
Because methodology of studies conducted during the first two
years was very similar to that employed in the experiment of 1961-62,
only this last study is described in detail. Results of all experiments
are discussed, however.

Two 5-acre areas were selected to test the effects of time of
lifting and duration of storage upon survival of 2-0 Douglas-fir planting
stock grown at the Oregon State Nursery near Corvallis. Each area
was fenced to exclude deer, rabbits, and mountain beaver, and residual
animals were removed. One area was located on a gentle northeast
slope at about 2000 feet elevation in the Cascade mountains northeast of
Salem, Oregon (Sec 18; T7S, R3E). The other area had a steep,, southerly exposure at about 1200 feet elevation on the west side of the Tillamook burn (Sec 34; T2N, R7W) (Figure 1).
Although precautions were taken prior to planting and during the
following spring and summer to prevent damage by animals to the seedlings, considerable damage was recorded in the Cascade plantation
4

Figure 1. The Tillamook burn plantation in October of 1962. Exclusion
of herbivores allowed herbacious and woody plants to develop vigorously.

during the first year's study. This area consequently was discarded
during the second year and replaced by an out-planting area adjacent to
the nursery for the final year's study.
The seedlings were planted in parallel rows of one hundred
plants each across the contours in each area at a spacing of 3 feet between rows and seedlings. To make the effects of planting and handling
techniques as constant as possible, the same planters were employed
throughout the planting season.

Planting stock was lifted from the nursery bed and packed in
lots of one hundred seedlings in polyethylene-lined paper bags on each
5

of the following dates: 9/21/61, 10/19/61, 11/16/61, 12/14/61, 1/11/62,
2/8/62, 3/6/62 and 4/5/62. Eight lots of seedlings were packed on each
of these dates to provide one lot for planting immediately after lifting; a
second, two weeks after lifting; a third, four weeks after lifting; and the
fourth, six weeks after lifting in each of two planting areas.
The first area for planting was the Tillamook burn plantation.
Seedlings were shipped on the day they were lifted and planted the following day. Stored seedlings were planted the day after they were removed from cold storage. The second area was immediately adjacent
to the nursery. Seedlings were planted here on the day they were lifted,
or the day they were removed from cold storage. The study in this

area was laid out in a four-by-four latin square. The blocks of this
square represented storage treatments, while the eight dates of lifting,
each represented by a row of 25 trees in each block, were the sub-treatments. Analysis of variance, after an arcsine transformation, indicated
that survival of seedlings lifted in September, October, and April was
lower than that of seedlings lifted in the remaining months (Figure 2),
that survival of seedlings lifted in September, October, and April was
reduced by storage (at 2 C), and that storage had no effect on survival
of seedlings lifted during the other months, except for February.
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storage.
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Figure 3. Relationship of growth
in length of terminal shoots and
lifting date or storage period of
Douglas-fir seedlings after one

Figure 4. Increase in oven-dry
weight of Douglas-fir seedlings during the growing season after out-

growing season in the field in

various periods of storage after

1962.

planting near Corvallis following
lifting.

I-

The data on increase in weight presented in Figures 3 and 4 are
estimates, because the seedlings chosen for determination of weight
were samples of the original and surviving populations, but they do indicate the deleterious effects of storage and early lifting on physiology
of seedlings.

Data on survival (Figure 2) of seedlings planted in the Tillamook

burn area are similar to those of the Corvallis plantation. The great
majority of lots of seedlings planted prior to December had substantially lower survival than did similar groups of plants lifted and planted
after this date. Length of terminal shoots was measured on ten surviving seedlings for each lifting date and storage period (Figure 3). These
measurements reflect the same trend exhibited by the data in Figures 4
and 5, but measurements after two and three years' growth of seedlings
planted in previous years showed no effect of storage or lifting date upon
vigor of the seedlings. Therefore, either the deleterious effects of unfavorable planting and storage were short-lived, or ecological factors
overrode them.
In the laboratory
Methods followed in the laboratory during the three years discussed in this report are based upon techniques described by Stone and

Schubert (23). However, the procedures adopted differed sufficiently
from those followed by the investigators in California that details of our
procedure are listed:
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Figure 5. Increase in oven-dry
weight of Douglas-fir seedlings during the growing season after outplanting near Corvallis following
various periods of storage after

lifting.
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1.

Douglas-fir 2-0 planting stock was lifted from the
nursery bed on the following dates: 9/21/61, 10/19/61,

11/16/61, 12/14/61, 1/11/62, 2/8/62, 3/8/62, 4/5/62.
Fifteen randomly selected seedlings were planted immediately in three-gallon containers, with five seedlings in a
container, on each of these dates. One of these cans was
placed in a controlled-environment chamber immediately
(Figure 6). The remaining two cans were buried in the
nursery so that surface of soil in the can was at the same
level as that in the nursery bed. Fifteen other randomly
selected seedlings were treated similarly after they had
been stored for each of the three tested storage periods;
that is, 2, 4, and 6 weeks at 2 C, for each of the lifting
dates. No attempt was made to remove new roots prior
to planting, but all new roots longer than one-fourth inch
were tallied.

2. The controlled-environment chamber (Figure 6) was
programmed for a sixteen-hour photoperiod with a light
intensity of 1500 foot-candles as measured by a Weston
Illumination Meter at plant height, with a thermoperiodof 25 C maximum during the photoperiod and 8 C minimum during the nyctoperiod. Although there were no
facilities to control temperature of soil, temperatures

of the air resulted in daily maxima of 20 C in the center
of the containers, and minima of 10 C. The light was
from a combination of warm-white fluorescent tubes and
incandescent bulbs. A11-cans were watered to field
capacity once a week. This procedure provided a daily
cycle that was constant for the entire period of study.
3. Each container of seedlings was held in the controlledenvironment chamber for one month. During this time,
8

mortality of seedlings and growth of shoots were recorded
twice each week.
4. After one month in the chamber, the seedlings were
washed out of the soil and the total number of actively
growing root tips more than 5mm long and the number
of new roots to a seedling were recorded (Figure 9).
(During the first year's study, both the length of each
actively growing root and the total number of active and
inactive root tips were recorded. Analysis of these
data showed that neither the total length of new roots
nor the percentage of active root tips to a seedling
provided a better criterion of root activity than did the
number of active roots; consequently, these measurements were not continued in succeeding years.)

5. Much of the forested areas of the Pacific Northwest are,
characterized by cool, damp weather from mid-October
until mid-May. Therefore, seedlings experience little
or no moisture stress until early summer. Under these
conditions, low activity of roots within the month after
a seedling was planted probably would not reduce its
survival unless this low growth-potential persisted
through the following growing season. To measure
the possible effect of winter weather upon the relative
ability of seedlings lifted at different dates during the
fall and winter to produce new roots when they were
placed in a growth-promoting environment, two cans
of seedlings for each of the lifting dates and storage
periods were kept outside during the winter. One of
the two cans from each lifting date and storage period
was placed in the controlled environment early in
April for a month and then harvested as described
above. (Obviously, the seedlings lifted in March and
then stored for six weeks together with those lifted
in April and stored for any length of time were not
treated exactly as those lifted earlier. Two cans of
each of these groups of seedlings were placed in the
controlled -environment chamber immediately after
planting; the third can of each group was buried as
described above.) The third can of each group remained in the nursery until early in June, when the
seedlings were harvested in the manner previously de-

scribed (Figure 9).
9

Figure 6. Controlled-environment chamber used in the study. Seedlings

shown were grown for other projects.
Relationships between date of lifting, length of storage, and the
number of active roots produced to a seedling are illustrated in Figure 7.
Although there is considerable variation in these data, the same general
trend shown in Figure 2 is apparent; that is, both the capacity of a seedling to produce active roots, and its field-survival potential are higher
if it is removed from the nursery bed after December 1. Furthermore,
the effect of cold storage is most damaging on the seedling's root-regeneration ability and its potential for survival if the seedling is removed
from the nursery before December 1 or after the buds swell (about
April 1) in the spring. However, to predict statistically the survival
from number of active roots was impossible because of erratic nature
of the data.

Tremendous variation from one year to the next in the number of
active roots produced to a seedling is shown in Figure 8. The relationship of the three years demonstrates the same trend as that of the seed10

Figure 7. Relationship of date of
lifting Douglas-fir seedlings in
1961-1962 and production of active

roots by seedlings harvested from
3-gallon containers.
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lings' survival shown throughout the report; that is, seedlings lifted
after December had a higher potential for survival and a greater capacity for producing active roots than did similar plants lifted earlier.
Effects of time of harvesting seedlings upon the relative ability
of seedlings to produce active roots when lifted early in the fall, winter,
and spring are shown in Figures 9 and 10. Again, the data are erratic,

but they show the same relationship between ability of seedlings lifted
on the several dates to produce active roots, whether the seedlings were
placed in the controlled-environment chamber immediately after lifting,
or were kept under natural conditions until harvest in the early summer.

Figure 8. Relationship of date of
lifting Douglas-fir seedlings in all
three years of the study and pro-

duction of active roots during each
year by seedlings harvested from
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Figure 10. Relationship between
the number of active roots grown
by a Douglas-fir seedling in the
first season after planting in cans,
date of lifting, and time of harvest
0
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"initial harvest" represents data
from seedlings grown in controlledFigure 9. Relationship between
number of active roots grown afenvironment chamber for one month
ter planting Douglas-fir seedlings
immediately after planting in cans.
in cans, and date of lifting in
Final harvest presents data from
1961- 1962. Numbers on curves in- seedlings harvested in June of each
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dicate sequence of harvest; all
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The greater activity of roots demonstrated by seedlings harvested in
June probably reflects both the increased photosynthesis possible under
full daylight and the longer period of active growth of roots in these
plants (substantial activity of roots was undoubtedly present under natural conditions by April 15 of each year).
Effect of date of lifting and length of storage upon survival of
seedlings planted in three-gallon containers was important. The pattern
of survival in these cans was similar to that previously reported for the
field plantings. Soil moisture content was maintained at or near field
capacity for the period from planting to harvest; however, none of the
seedlings lifted in September and then stored for six weeks was able to
survive (another illustration of the general trend in results).
The mean oven-dry weights of seedlings are shown in Figure 11 .
No correlation existed between the mean weight of seedlings and any lift12
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Figure 11. Average oven-dry
weight of Douglas-fir seedlings
harvested from cans in June 1962.

SEPT OCT

Figure 12. New growth of Douglas fir seedlings harvested from cans

in June 1962.

ing date or storage period except for the September (4 and 6 weeks')
storage and the October (6 weeks') storage. The data here include dead
seedlings, which substantially reduced the mean weights.

The data in Figure 12 are restricted to the harvest in June to

eliminate the confounding effect of data from insufficient chilling of the

earlier harvests. Cold storage of stock for any period of time substantially reduced activity of shoots in the following spring for seedlings
lifted in September and October and in the same spring for plants lifted
in April, but this same storage had no consistent effect upon the growth
of shoots of seedlings lifted during the remaining months. Since this
pattern of growth is very similar to the activity and survival of roots,
the data reflect the same basic aberration of seedlings' physiology (Figure 12).
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DISCUSSION

Survival of unstored, 2-0 seedlings, at least through the initial
of growth after planting, apparently increased with each successive lifting date from September until the latter part of November (Figseason

ure 2). However, the large variation in the data makes equally clear
that this trend was not consistent. Part of this variation was caused by
changing patterns of weather which resulted in differing moisture regimes in successive planting seasons, and in differing physiology of
seedlings on a given date from one year to the next. Furthermore, sur-

vival of seedlings planted on the nursery plot has limited application in
evaluating the effect of date of lifting upon vigor of seedlings, because
if the weather and microsite are favorable, nearly all seedlings will
survive, regardless of lifting date*. If weather and site are very limiting, nearly all the plants will die. Thus, the effects of the date of lifting appear most evident in data for survival in the field where seedlings
have experienced a decided, but not severe, stress. Results of a statistical analysis of these data on survival do indicate that substantially
higher survival may be expected (in the absence of a limiting factor such
as severe damage by animals) if the planting stock is lifted from the
nursery no sooner than late November.

The several criteria of seedlings' vigor measured in the controlled environment (initiation and growth of roots, bursting of buds,and
growth of shoots) and those measured in the field (growth of leaders and

net increment) demonstrated substantially the same trends as those
noted for survival in field. Increasingly poorer growth was made by
early- and late-lifted seedlings (Figures 3 and 4) with lengthened periods
of storage. Austin and Strand (3) and Winjum (31) reported no effect of
date of lifting or storage upon growth in height of 2-0 Douglas-fir, but
Dick (6) noted that cold-storage periods longer than five weeks reduced
*This is most evident when the data of Walters and Soos (30) (who report
survivals of 94%, 97%, and 100% for stock lifted in September, October,
and November) and of Winjum (31) (who reports survivals from 88% to
90% for stock lifted in October and November) are compared with the
data of Austin and Strand (3) (78%. 66%, and 76% survival for seedlings
lifted in September, October and November), with that of the current
report, and finally with the data of Stone, et al.(25) (0% and 60% survival for stock lifted in October and November). In general, the moisture stress is more severe and occurs earlier in the year in the
Douglas-fir region with decreasing latitude. Data cited reflect the in-

creasing effect of time of lifting on subsequent survival of Douglas-fir
seedlings with increasing environmental stress.
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the growth in height of spring-lifted Douglas-fir, and Aldhous (2) observed that survival of Douglas -fir seedlings lifted and stored prior to
mid-March was higher than that of seedlings lifted and stored later.
An examination of Figures 6 and 7 shows that there was a trend
for the seedlings lifted in late winter months to produce more active
roots than did seedlings lifted in the fall, but otherwise treated identically. This finding was in agreement with data reported by several
other workers (3, 7, 25, 26, 27, 28, 31). Since erratic response was
observed under reproducible, controlled environments by both Winjurn
(31) and the present writer, it appears to be a reflection of the great
genetic variability characteristic of this species.
Perhaps the most consistent and significant effect observed in
the laboratory studies is the decidedly deleterious effect of cold storage
on response in growth of the early- and late-lifted seedlings. Hermann
(11) has noted a potential for survival of seedlings lifted either early in
the fall or just prior to bud burst in the spring after exposing the roots
to a dessicating environment that was smaller than occurred when the
seedlings were lifted in the winter and then treated. If Douglas-fir
seedlings are disturbed early in the fall, the normal physiological sequence associated with dormancy apparently is disrupted severely, and
the responses in growth reported reflect this general disruption. Cold
storage for periods of up to six weeks may actually benefit seedlings
lifted during winter by satisfying their requirement for chilling more
efficiently than does the weather in areas of mild climate in the Douglasfir region.
Samish (20) describes the dormant period of woody plants as a
series of differing physiological states which he terms "quiescence,"

"preliminary rest," "mid-rest," and "after-rest." These stages may
be defined by the response in growth elicited by an environment favorable to growth. A much stronger response in growth is associated with

quiescence, preliminary rest, and after-rest than with mid-rest. A
small study was conducted to determine if the period of greatest sensitivity in Douglas-fir seedlings, as evidenced by the various data previously presented, is the "mid-rest" stage of dormancy. Seedlings
were lifted from the seed beds in mid-February and immediately replanted, five seedlings to a can, in the three-gallon containers previously described. These cans then were buried so that surfaces of soil
within and without the cans were at the same level. The containers
were lifted and brought into a controlled-environment chamber at twoweek intervals from the end of July until early January. The chamber
was programmed with an eighteen-hour photoperiod and thermoperiod
ranging from 10 C to 25 C. Tension of the soil moisture was main-

tained above one atmosphere. The new growth made in the chamber in
15

a period of three months from the date the containers were brought inside was recorded for the seedlings of each can. These data showed
growth for seedlings lifted in July, August, December, and January

much greater than for plants lifted in late September, October, and
early November. The least growth was made by seedlings in cans lifted

from mid-October until early November (Figure 13). These results
would appear to substantiate the hypothesis that unfavorable environments are most damaging to dormant Douglas-fir seedlings during the

"mid-rest" period. However, as Romberger (16) pointed out, while the
term "dormant" may be applied to the whole plant, it may not be descriptive of all the meristematic zones, for they may vary greatly in their
physiological activity at any one time.
The data presented demonstrate a general, if somewhat erratic,
disruption of the physiology of seedlings when they are moved from the

nursery beds prior to early winter. This phenomenon probably is
caused by an aberration of the growth-regulating system (as hypothesized by Gilmore (9) for Pious taeda L. seedlings) and not by differing
levels of food reserves, as evidenced by, first, that much of the normal

storage of food has been completed prior to transplanting in the fall, and
second, that the roots have greatly increased sensitivity to environmen-

'r1

OCT
Figure 13. These Douglas-fir seedlings were planted in 3-gallon cans
during months indicated and were held outside until June. Obvious differences appear in growth of new shoots on seedlings transplanted in
fall and those lifted in winter.
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tal stress during the fall months. Possibly the reductions in growth of
shoots in seedlings studied reflect a stress developed from inability of
the roots to absorb water and minerals efficiently, rather than a general
disruption of the regulatory mechanism. Much more research on the
basic mechanism of the annual cycle of growth of Douglas-fir is necessary to elucidate the data discussed in this report.

CONCLUSIONS

Lifting Douglas-fir seedlings prior to December, or after buds
start to enlarge in the spring, will disrupt the physiology of the seedling. This general lessening in vigor of seedlings will be reflected in

generally lessened growth of shoots, reduced initiation and growth of
roots, and lowered survival of seedlings if the planting site is average
or worse, and if the seedlings have been held in cold storage for periods
of two weeks or more. An obvious corollary is to plant the first-lifted
stock each fall on northerly exposures. Stock lifted after December 1
until buds begin to enlarge the following spring is more resistant to adverse environments.
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