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Since 1941, the Forest Research
Laboratory-part of the School of
Forestry at Oregon State University in
Corvallis-has been studying forests and
why they are like they are. A staff of
more than 50 scientists conducts re-
search to provide information for wise
public and private decisions on man-
aging and using Oregon's forest re-
sources and operating its wood-using
industries. Because of this research,
Oregon's forests now yield more in the
way of wood products, water, forage,
wildlife, and recreation. Wood products
are harvested, processed, and used more
efficiently. Employment, productivity,
and profitability in industries depend-
ent on forests also have been
strengthened. And this research has
helped Oregon to maintain a quality
environment for its people.

Much research is done right in the
Laboratory's facilities on the campus.
But field experiments in forest genetics,
young-growth management, forest
hydrology, harvesting methods, and
reforestation are conducted on 12,000
acres of School forests adjacent to the
campus and on the lands of public and
private cooperating agencies throughout
the Pacific Northwest.

With these publications, the Forest Re-
search Laboratory supplies the results
of its research to forest land owners
and managers, to manufacturers and
users of forest products, to leaders of
government and industry, and to the
general public.

As a research paper, this publication is
one of a series that describes a com-
pleted study or experiment or lists
publications on a specific topic.
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summary

The response of western hemlock
(Tsuga heterophylla [Raf.] Sarg.)
to two methods of site prepara-
tion for planting was compared.
One site was cleared of mature
brush by the "brown-crush-and-
burn" method. The other was
partially cleared by spraying with
herbicides. Seedlings lifted and
planted in December, January,
February, and April were com-
pared, and lifting and planting
dates were evaluated. Investigation
of subsequent microenvironments
and their interactions with
seedling size showed that seedling
size was critically important to
the tolerance of residual vegeta-
tion.

introduction

Hemlocks, I have observed
informally, are shade tolerant and
browsed less than Douglas-fir
seedlings. The advantages of
planting hemlock, however, are
compromised by unpredictable
survival.

Little has been written on how
to reforest hemlock artificially.
Walters (1964) and Walters and
Haddock (1966) compiled data
for juvenile growth in young
plantings in relation to site qual-
ity; however, they did not con-
sider how vegetation or other
microsite factors affect juvenily
development or survival. Soos
studied effects of shade tolerance
on growth characteristics of
naturally regenerating hemlock in
shady microsites, but did not
consider shading effects on
planted stock. Nursery practices
have been developed that lead to
excellent survival of hemlock
transplants in the field (Long
1976).

Performances of planted hemlock
seedlings have seldom been
formally observed in habitats
where hemlock offers adaptive ad-
vantages over other species.
Peyton Owsten (U.S. For. Serv:,
Pac. Northwest For. Range Exp.
Stn., Corvallis. Oreg., personal

1 Soos, J. 1961. The effect of some
environmental factors on the morpho-
logical characteristics of western hem-
lock seedlings [Tsuga heterophylla
(Raf.) Sarg.]. M.F. Thesis, Univ. B.C.,
Vancouver. 91 p.

Z



4t
communication, 1975) is devel-
oping data that relate to growth
and survival of bare-root and
containerized seedlings. Also, J.
M. Finnis (State Wash., Dep. Nat.
Resour., personal communication,
1966) attempted reforestation
with small hemlocks in Jiffy-7
pots. Neither study considered
the sizes of hemlock seedlings or
the interaction between plant
cover and damage. Other than
Owsten's general comments that
both plugs and bare-root nursery
seedlings do well in fresh clear-
cuttings and that plugs are more
consistent, few studies have been
helpful for choosing type of hem-
lock seedling and season of
planting.

T. E. O'Dell (For. Res. Lab.,
Oreg. State Univ., Corvallis,
unpublished data, 1971) showed
how the size of established hem-
lock seedlings affects subsequent
growth. He observed that seedling
height had a positive effect and
that shading depressed growth
more seriously for small than for
large seedlings. This is generally
consistent with the effect of
seedling size on growth in the
Pacific Northwest as reported by
J. H. G. Smith (Faculty For.,
Univ. B.C., unpublished report).
Newton and Black (1965), Smith
and Walters (1965), Mullin
(1968), and Newton (1973)
found positive correlations
between height and growth of
seedlings of several species. Infor-
mal tests showed that planted
hemlock wildlings performed
poorly in the open and in heavy

brush, but very well when large
seedlings were planted in low
brush of moderate density.

These works suggest two major
gaps in reforestation technology
for western hemlock: (1) an
inadequate basis for selecting
seedlings of a given size, and (2)
inadequate evidence showing the
kinds of environments desirable
for establishment of seedlings of
any size. In addition, there is
general uncertainty about other
factors affecting good field
survival of western hemlock.
Further experimentation seemed
necessary to answer these
questions.

This research asked several ques-
tions. First, how does the size of
a seedling influence its response
to the environment? Second,
what physical and biotic factors
of its environment influence a
seedling's development, both posi-
tively and negatively? And the
third question-in a general way,
what choice can a forest manager
make in site preparation to en-
hance the outcome of any given
choice of seedling?

All of these questions were to be
considered in an area where hem-
lock reaches its best development
and where planting of hemlock
would be a logical reforestation
choice. Such an experiment was
conducted near Nashville, Oregon,
on the Hamer Lake experimental
rehabilitation area, owned by
Starker Forests whose personnel
assisted with the study.
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study area

The study site was on a gentle (Sambucus callicarpa Greene),
north slope, about 500 ft (140 vine maple (Corylus cornuta
m) elevation, near the headwaters californica [D.C.] Sharp), and
of the Yaquina River. Soils, deep
residual and colluvial, were de-
rived from parent material of
Tyee siltstone. Drainage was
good, and 25 years of domination
by red alder had contributed
large amounts of nitrogen to the
soil, which made it favorable for
conifers.

At the time of site preparation,
cover was predominantly red
alder (A/nus rubra Bong), 25
years and older, with some bitter
cherry [Prunus emarginata
(Dougl.) Walp.] and bigleaf maple
(Acer macrophyllum Pursh).
Understories of salmonberry
(Rubes spectabilis Pursh) were
mixed with scattered elderberry

hazel (Acer circinatum Pursh);
understory density was moderate
because of earlier domination by
vigorous red alder. Natural regen-
eration of conifers near the study
plots was negligible, although
several badly suppressed
Douglas-fir saplings were the same
age as the red alder.

Animals injurious to seedlings
were abundant, especially after
site preparation. Heavy browsing
was evident in all open areas;
shrubs and herbs showed exten-
sive signs of foraging by deer.
Brush rabbits were observed in
dense shrub cover, and mountain
beaver burrows were observed
near the experimental site.
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procedure

Sites were prepared by two pro-
cedures. For the brown-crush-
and-burn technique, 1.5 lb of
picloram and 6 lb of 2,4-D per
acre (1.6 + 6.6 kg/ha) were seri-
ally sprayed in July on mature
brush which was then crushed by
a tractor and broadcast burned.
The other procedure partially
cleared an adjacent site with an
aerial application of 4 lb ami-
trol-T plus 1 lb 2,4,5-T per acre
(4.4 and 1.1 kg/ha) in July,
followed the next April by 1 lb
each of 2,4-D and 2,4,5-T per
acre (1.1 kg/ha) in diesel fuel;
surviving red alder were injected
with picloram and 2,4-D.

Figure 1.
Suppressed seedling standing in
north-slope shade of dead alder
residue.

Within 18 months after burning,
the completely devegetated site
had a dense cover of Senecio spp.
and velvet-grass (Holcus lanatus
sp.). In the partially cleared area,
the preparation killed overstory
but had a marginal effect on the
understory. When the hemlock
seedlings were planted, salmon-
berry and other shrubs began to
increase in scattered clumps. The
large residue of standing dead
alder on the north slope cast sub-
stantial shade and deposited
heavy debris on brush, suppres-
sing seedlings in subsequent years
(Fig. 1).
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A single plot for planting tests
was established in each treatment
area. The plots, about 100 ft (30
m) square and about 330 ft (100
m) apart, were selected for homo-
geneity of cover and slope. Each
contained 26 planting rows of 50
planting spots about 2 ft (60 cm)
apart.

The experiment was a completely
randomized split-plot design with
plots split on the basis of site
preparation. Treatments within
plots included different months
of lifting and planting (December,
January, February, and April),
and delays from 1 to 14 days
between lifting and planting in
five of the treatments in Decem-
ber. As treatments for March
were prevented by snow, ten
rows (five treatments) could not
be established. In December,
seedlings were heeled in for 0, 1,
3, 7, and 14 days between lifting
and planting. Altogether, eight
treatments were each applied to
two rows, assigned at random in
both the cleared and uncleared
sites. A total of 1,600 seedlings
was planted.

The wildling seedlings were
sought on roadbanks in partial

sunshine with little sod to bind
the roots. They were located at
an elevation of about 2000 ft
(600 m) near Mary's Peak, about
10 miles (16 km) southeast of
the experimental area. They were
gently pulled by hand (without a
digging tool) and, if possible, in
clumps to avoid stripping fine
root tips. As they were pulled,
the seedlings were dropped gently
into the road ditch and remained
unprotected until loaded in bulk
into a pickup truck. Then they
were covered with a tarpaulin and
taken immediately to the planting
site where they were segregated
according to root damage. Badly
stripped seedlings were discarded.
Those used in the study were
about 8 to 60 in. (20-150 cm)
tall and probably 3 to 6 years
old. They were more slender than
nursery stock, and their roots
were less bushy, perhaps because
of damage to the fine root sys-
tems. Time required to pull the
seedlings was not recorded, but
earlier experience pulling 12,000
seedlings with a two-man crew
and truck produced between 300
and 1,000 seedlings per man-hour.

Planting was done with conven-
tional U.S. Forest Service planting
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tools (hoedags). Because of the
flat-ranked rooting habit of hem-
lock wildlings, they were planted
shallower than nursery Douglas-
fir, and the roots were oriented
horizontally on the bottom of
the planting hole. In the brushy
plot especially, abundant organic
matter was available for packing
the planting hole. This technique,
contrary to that advocated for
Douglas-fir on dry sites, is appro-
priate in the moist coastal zone
for western hemlock, which often
grows in rotten wood.

At the time of lifting, weather
was variable, and the soils were
wet but not saturated. Soil tem-
peratures were estimated to be
near freezing in December and
January and slightly warmer in
February. Lifting in April was
done on a sunny day with low
humidity, and the soil tempera-
ture was above freezing. Only
then were drying root tips a
problem; questionable seedlings
were discarded, and seedling piles
were covered during handling.

After the second growing season,
survival, color, and apparent vigor
were recorded and empirically

combined to determine whether
they might provide an index for
long-term success.

At the end of the fourth growing
season, total height and current
growth were recorded, and height
at time of planting and a history
of browsing were reconstructed.
Initial seedling height sometimes
had to be estimated retro-
spectively from diameters of old
stubs of browsed terminals. By
observing stem offset and nodal
bud scars, each injury could be
recorded by year of occurrence.
Bending of live trees caused by
falling trees and other debris also
was recorded, as were vigor and
density of woody cover, the lat-
ter on a 6-point ocular scale (0 =
no cover, 5 = 100 percent domi-
nant shrub cover).

The history of seedlings that had
not survived because of browsing
and debris could not be accu-
rately recorded. Evidence from
clipped or crushed dead seedlings
showed that rodents and falling
litter caused substantial mortality
among smaller seedlings in the
brushy plot. Missing seedlings
were noted.
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findings

In the first 2 years, hemlock
seedlings showed patterns of be-
havior different from those of
Douglas-fir. Many developed yel-
low foliage shortly after planting.
Some tended to defoliate, al-
though needles were apparently
healthy. During the January
lifting, several seedlings had inter-
nal moisture stress of 20 atmos-
pheres or more, but others in the
same group had normal stress of
1 to 2 atmospheres. No explana-
tion is available for this variabili-
ty that occurred every month.
The lowest frequency of elevated
stress was in February, however,
the month of best survival.

Deer browsing was common on
the open site the first few days
after each planting, but little
browsing occurred thereafter
(Table 1). Many seedlings, regard-
less of size, were stripped of
most of their foliage. In the
brushy site, browsing damage was
only occasional, causing little
mortality and damaging individual
trees less than in the open.

Antler rubbing girdled the tops of
6.8 percent of the survivors in
the open, mostly on vigorous
seedlings between 3.3 and 6.6 ft
(1 and 2 m) tall in the third or
fourth year.

Clipping by brush rabbits and
mountain beavers was confined to
the brushy plot and generally to
seedlings less than 24 in. (60 cm)
tall. The data listed in Table 1

summarize the animal damage on
live trees only; the incidence of
rodent clipping on the remains of
dead seedlings in the brush was
high, and live-seedling records
probably do not reveal total
damage.

Falling litter caused substantial
damage. The most visible cause of
injury was alder stems that either
fell directly on seedlings or fell
on shrubs that smothered small
seedlings. Again, because these
injuries were recorded on live
seedlings only and because some
trees had died earlier because of
such suppression, the data in

8
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Table 1.
PHYSICAL INJURY TO SEEDLINGS DURING THE FIRST 4 YEARS.'
(percent)

Year

Type of injury 1 2 3 4 All

BRUSHY HABITAT
Deer

Browse 7.0 0.8 1.2 4.3 13.3
Antler girdle 0 0 0 0 0

Rodent clip 17.8 8.1 4.3 1.6 31.8

Debris 8.5 15.6 9.7 4.3 38.1

All types2 33.3 24.5 15.2 10.2 83.2

OPEN HABITAT
Deer

Browse 67.5 4.4 6.5 14.7 93.1
Antler girdle 0 0 03 6.8 6.8

Rodent clip 0 0 0 0 0

Debris 0 0 0 0 0

All types2 67.5 4.4 6.5 21.5 99.9

'Basis: 258 surviving seedlings (32.2%)in the brush; 382 seedlings (47.8%) in the open.

2Sums include multiple injuries to some individual seedlings, hence slightly overstate
number of seedlings injured.

3Some damage may have occurred.
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Table 1 probably underestimate
debris damage.

Survival and vigor data for the
fourth year (Tables 2 and 3) are
qualified by the observation that
much mortality in the open was
caused by early defoliation after
planting. The symptoms were not
understood until too late to
record them. Symptoms of mar-
ginal adaptability in the open
included the high incidence of
low-vigor seedlings with yellow
foliage, a condition that persisted
into the fourth year. In the
brushy plot, conversely, much
mortality occurred later and was
attributable to injury by debris
and rodents; under shady condi-
tions, yellowing foliage and early
mortality were less pronounced.

Parts of the brushy plots were
deeply shaded, but a surprising
number of unclipped seedlings
persisted to provide an estimate
of the effect of brush cover alone
on growth. Shading did not
appear to cause much mortality,
though some top dieback was
associated with high brush density
combined with small seedling size.

Initial size of the seedling was
the most important influence on
growth. Height was evaluated
with multiple regression equations
that expressed 4-year total height
and height growth in relation to
initial seedling height, brush
density, month of planting, and
injury from browsing or debris.
Figures 2 and 3 illustrate the
interaction of seedling size with

10



Table 2.
SURVIVAL AND VIGOR OF WILDLING HEMLOCK SEEDLINGS
4 YEARS AFTER PLANTING.

Month Heel-in Open habitat Brushy habitat
planted days Survival Vigor' Survival Vigor'

(percent) (percent)

December 0 42 b-c 24 b
1 60 a-b 27 b
3 49 b 23 b
7 48 b-d 30 b

14 41 b-c 35 b

January 0 47 b-c 33 b

February 0 66 a 49 a-b

April 0 29 b-c 37 b

All months -- 47.7 -- 32.8 --

' Vigor ratings showing the range of seeding condition are:
a = deep blue-green, long needles on new growth. Tree in excellent health.
b = blue-green, increased growth since planting. Good outlook.
c = green, slow present growth. Outlook good in absence of early disaster.
d = yellow-green, positive, but short current elongation. Not increasing in vigor.
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Table 3.
MEAN GROWTH OF WILDLING HEMLOCK SEEDLINGS WITHIN
EACH ROW 4 YEARS AFTER PLANTING.
(centimeters)

Month Heel-in Height Height Growth
planted days 1971 1974 1974

December 0

OPEN SITE

58.0 83.3 26.0
66.0 87.6 22.0

1 55.0 102.8 38.0
65.0 114.3 38.2

3 36.8 64.0 19.5
36.9 63.0 19.9

7 49.2 62.2 9.8
55.8 113.0 41.9

14 78.3 98.3 34.9
65.5 83.5 20.7

January 0 37.6 68.7 20.0
34.5 66.4 24.1

February 0 47.5 104.8 41.9
52.7 107.7 40.5

April 0 59.8 103.8 31.0
58.9 105.7 29.4

Open mean 53.59 89.44 28.61
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Month Heel-in Height Height Growth
planted days 1971 1974 1974

December

BRUSHY SITE

64.1 130.5 39.5
51.9 56.6 7.4

1 39.8 77.5 19.2
74.5 183.5 59.8

3 43.1 87.4 23.9
40.5 52.1 4.0

7 49.3 105.6 35.8
51.0 97.9 26.8

14 54.6 104.6 35.0
61.9 115.0 33.1

January 0 52.8 90.3 28.2
44.3 68.9 20.4

February 0 58.1 150.1 51.7
53.0 125.8 43.7

April 0 54.7 104.9 27.6
70.9 152.2 50.5

Brush mean 54.03 106.43 31.66

Overall mean 53.81 97.93 30.14
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Figure 2.

Total height of hemlock seedlings
at 4 years of age, as influenced
by brush and planting height.

canopy density in terms of total
height and growth rate. The inter-
action was strong and provided
highly significant statistical evi-
dence that the positive effect of
seedling size increases with densi-
ty of brush. Large seedlings
planted in the open were appar-
ently subjected to stress that

reduced growth in comparison
with seedlings of medium height.

Curves for total height and net
growth should be interpreted with
caution when determining opti-
mum seedling size for open areas.
Seedlings that were initially taller
than those showing maximum
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growth were still taller after 4
years. Initial height advantage
more than compensated for the
greater planting check on large
seedlings. The advantage of large
seedlings persisted in the presence
or absence of competition, but
the effect of initial height on
growth rate increased for the

largest seedlings only in the
presence of some brush cover.

Dominant shrub cover caused a
decrease in growth of small seed-
lings, and 100 percent brush cov-
er (index 5) caused top dieback
and inability to elongate in seed-
lings less than 24 in. (60 cm)

planting ht, in.

so

r
50 100 150

planting ht, cm

Net growth of hemlock seedlings
at 4 years of age, as influenced
by brush cover and planting
height.

C

15

200-
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tall. Moderate brush, with canopy
heights of 3 to 5 ft (1-1.5 m) at
the time of planting and no more
than 50 percent canopy density
(index 2), became heavier by the
fourth year (index 3-4) and was
associated with the greatest
growth (24-60 in. or 60-150 cm)
in medium to large seedlings. The
largest seedlings, 60 in. (150 cm),
grew most rapidly in heavy brush
(index 4) with overall density of
60 to 80 percent; most fre-
quently this was dense salmon-
berry about 8 ft (2.5 m) tall
intermingled with hazel, vine
maple, and elderberry 10 to 15 ft
(3-4.5 m) tall. For all seedlings,
taller dense cover presumably
would have had a negative effect
similar to that of shorter brush
on smaller seedlings.

Physical injury had a negative
effect on total height. Browsing,
clipping, and falling debris re-
duced height by an average of
5.7 in. (14.4 cm) per injury. In-
jury by deer and litter fall ap-
peared least and most damaging
respectively, but random variation
obscured the statistical differ-
ences. Furthermore, long-term
effects of physical damage to
individual seedlings in the brushy
plot were difficult to compare
directly with those of damage in
the open because height loss in-
creased the confounding of brush
domination.

Season of planting affected
growth. Seedlings planted in
February under a given brush

condition were significantly taller
than those of comparable size
planted at other seasons. Al-
though adaptability might be
expected to gradually improve as
transplanting approached an
optimum season, such a pattern
was not clearly present. A quad-
ratic fit of height growth to the
seasonal progression of planting
dates showed a significant lack of
fit in February; all plantings in
February exceeded the predicted
growth rate, and all plantings in
January failed to live up to the
prediction. The predicted 4-year
height of seedlings planted in
different densities of brush are
shown with month of planting in
Figure 4. In this response surface,
the best time and best condition
for planting an average seedling
were late February in moderate-
density brush; optimum size
varied with brush density.

The response surface equation
used to describe seedling height
was:

Y = - 0.523 + 2.157 1H -
0.00858 (IH)2 - 6.52 Br - 2.65
Br2 + 18.23 Mo -2.64 (Mo)2 -
14.44 Ph + 0.3273 Br I H,

where

Y = height after 4 years
IH = initial height
Br = brush density (scale 0-5)
Mo = month (December = 0,

April = 4)
Ph = physical damage, including,

clipping, browsing, debris
(0-4 events).
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All factors were significant at the
1 percent level of probability,
and the equation explained 56
percent of the variation among
heights of the 648 seedlings.

V

2.00

100

. -
60 cm

'Qc

dec jan

"b tt3l -- tndox

feb mar

month

Figure 4.
Predicted 4-year growth of
western hemlock seedlings in the
open and in heavy brush.
Averages of three sizes of seed-
lings planted at several dates.

apr
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discussion

Size of seedling, residual brush
cover, and time- of lifting and
planting affected the growth of
seedlings. The effects were impor-
tant enough to be highly
meaningful to a forester pre-
scribing wildling hemlocks for
brushfield rehabilitation. Variation
in seedlings between 8 and 60 in.
(20 and 150 cm) in height had a
major effect on subsequent
growth and ability to compete in
brush. Seedlings with the most
rapid growth in the open were 28
in. (70 cm) tall; maximum
growth was achieved by seedlings
of more than 60 in. (150 cm) in
heavy brush. Seedlings about 24
in. (60 sum) tall grew about the
same regardless of brush; shorter
seedlings grew faster in the open
than in brush, and taller seedlings
grew faster in some brush cover.
None was tested without any
control of the brush because both
areas were tests of site prepara-
tion methods.

The effect of seedling size on
growth is consistent with that
reported in the scientific litera-
ture. These data, however, add
the effect of interaction between
seedling size and brush density.
The data illustrate that size of
seedlings makes less difference
when seedlings are planted with
complete site preparation, com-
pared to partial site preparation,
because small seedlings are less
threatened by litter, clipping, and
shading. Low intensity site

preparation was actually favorable
to the largest classes of seedling.

All sizes were browsed in the
open initially, but were left alone
thereafter with only a moderate
effect from the one-time browsing
damage. In the brush, injury by
rodents was largely restricted to
seedlings less than 24 in. (60 cm)
tall. Taller seedlings in the brush
escaped serious injury from
animals with the exception of
mountain beaver.

Seedlings 28 in. (70 cm) in
height or less were the least
adversely affected by open envi-
ronment. Deviation from the
general finding of superior growth
on the largest seedlings suggests
that planting check is more of a
problem in full sunlight than in
partial shade and that large seed-
lings are more affected by check
than small stock. Open-grown
seedlings between 12 in. (30 cm)
and 41 in. (105 cm) tall grew 80
to 100 percent as much as 27-in.
(67 cm) seedlings. The broad
range of seedling sizes with nearly
the same growth rate suggests
that reduced growth in the open
reflects a general planting check,
perhaps magnified by nearly
ubiquitous winter browsing im-
mediately after planting. The
fourth year of growth was gener-
ally greater than the sum of the
first 3 years in the open,
reflecting the development of a
complement of "sun leaves" and
freedom from browsing.

18



Brush cover had a surprising
effect-partial shade appeared to
minimize planting check in
western hemlock. Seedlings 24 in.
(60 cm) or taller grew more
rapidly if given partial shade,
even in a moist habitat, and the
largest seedlings demonstrated
maximum growth in heavy brush.
As long as the seedlings were
planted with their tops in or
above the green canopy 1 year
after site preparation, partial
shading apparently minimized
planting check, and the tolerant
nature of the seedlings prevented
suppression. In the normal cir-
cumstance of planting immedi-
ately after site preparation, partly
shaded seedlings should perform
better, and risk of suppression of
smaller seedlings should be lower
than reported here.

The finding of interaction
between shade and size is not
unique to this study, although
this is the first report that coastal
brush cover positively affects
growth. C. J. Brown and J. B.
Zaerr (For. Res. Lab., Oreg. State
Univ., Corvallis, personal com-
munication, December 1975)
observed that western hemlocks
planted in shade tend to develop
more new root growth than those
planted in full sunlight, even in
midwinter. Tyree, Caldwell, and
Dainty (1975) observed localized
resistance to sapflow in injured
eastern hemlock [Tsuga canaden-
sis (L.) Carr.] . Presumably, this

would lead to elevated moisture
stress and mortality in sunlight.
Brown and Zaerr stated that the
incidence of seedling failure
associated with high light inten-
sity is least when seedlings are
moved in February. Earlier ob-
servations that some newly pulled
wildlings had high internal
moisture stress suggest that a

season-dependent mechanism
operates to occlude water uptake
in damaged root systems.

Season of transplanting sub-
stantially influenced survival and
growth. Seedlings planted in
February displayed greater vigor
at all stages of development than
those planted at other times.
They had the greatest predicted
growth and exceeded predicted
rates by an average of 5 in. (12
cm). The approximately
30-percent early mortality in
February plantings presumably
was attributable to the moisture-
stress phenomenon. Virtually all
other seedlings planted in
February survived in the open,
and nearly all mortality in the
brush was attributable to injuries
by falling litter and rodents. Sur-
vivors had, and still have, an
excellent prospect of becoming
dominant, unless felled by debris.
Early and subsequent mortalities
were more pronounced after
other planting times.

Accurate dimensions of seedlings
that died initially could not be
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reestablished. This was not part
of the original study. Therefore,
from these data, only weak infer-
ences can be drawn regarding the
effect of seedling size on survival.
Some relation probably exists in
view of the voluminous data
published about other species.

Seedlings planted in January grew
9 in. (22.5 cm) less than pre-
dicted, similar to those planted in
December. In December, those
planted after 1 day of heeling in
were consistently, but unex-
plainedly, taller than others
planted that month. Seedlings
planted the day they were lifted
grew as predicted. Trees heeled in
more than 1 day showed a steady
decrease in vigor with an increase
in heel-in time up to 14 days.
Storage was studied only in
December. April was the least
favorable month of planting.

Apparently date of planting and
cover interact. Early survival of
seedlings planted from December
to February was nearly com-
parable in the open and in the
brush; rodents accounted for
much mortality in the brush. In
April, however, seedlings planted
in the open showed early drying
and high mortality. The fair sur-
vival in the brush was followed
by surprising vigor of survivors
planted in April. For all dates,
symptoms of drying were more
common in the open than in the
brush, despite about 80 in. (200

cm) of rainfall during winter and
spring months.

Douglas-fir 2-1 seedlings planted
operationally in the area provided
a crude basis for comparison with
western hemlock under these
conditions. In the open, survival
of Douglas-fir was nearly com-
plete the first year, but was
sharply reduced by deer browsing.
After the fifth year, no more
than 25 percent of the Douglas-
fir survived in the immediate
vicinity of the hemlock plot.
Some escaped the reach of deer
and were growing well. Survivors
were slightly taller, in general,
than hemlocks a year younger
that had been planted in
February. Within the hemlock
plot in the brush, however,
Douglas-fir was a total failure.
Rodents clipped the last survivor,
which was 3 years old. Tall hem-
lock seedlings in the brush were
taller than those in the open,
taller than the older Douglas-fir
in the open, and free of damage
from animals.

The ability to tolerate bending is
an important advantage of hem-
lock. Although falling debris
seriously injures trees in the
brush, hemlock bends upward and
extends near-normal leader or
branch growth even when bent to
the ground. Under similar condi-
tions, Douglas-fir in the brush
fails when deflected, especially
when growing in the shade.
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conclusions

This localized study identifies
some specific attributes of wild-
ling hemlock under the influence
of certain cover-related hazards.
More research is needed to gener-
alize about the effects of seedling
size on survival, as well as the
general adaptability of nursery
stock to the conditions studied.

If these data on western hemlock
can be applied to seedlings mass-
produced in the nursery and if
nursery technology can improve
survival potential, I anticipate
that large western hemlock may
reduce the need for complete
brush control and protection
from deer. Presumably, nursery
transplants will perform better in
the open than wildlings of com-
parable size. In the absence of
large transplants, more brush con-
trol probably would be necessary.
Dead hardwoods probably should
be felled within a year of plant-
ing, if they are more than 4 in.
(10 cm) in diameter when
treated. Planting small western
hemlock seedlings in the brush is
poor economy; success decreases-

rapidly below a height of 24 in.
(60 cm).

Even the lowest rates of produc-
tion (300 seedlings per man-hour
for pulling and loading) provide
low-cost seedlings which, delivered
to the plantation site, should be
no more than half the cost of
Douglas-fir or western hemlock
transplants of smaller size. The
large wildling seedlings require
slightly higher costs for planting
labor than conventional 2-1 nurs-
ery stock and require an allow-
ance for lower survival. They
entail only a fraction of the costs
needed for Douglas-fir for site
preparation, however, and the
wildlings grow reasonably well
with no protection from deer.

Conditions leading to best growth
of hemlocks are easily obtained
with one or two aerial applica-
tions of herbicides and felling of
hardwoods more than 4 in. (10
cm) in diameter. Total clearing
was superfluous and even counter-
productive with seedlings taller
than 24 in. (60 cm).
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British/metric conversions

1 acre = 0.4047 hectare (ha)
1 inch (in.) = 2.54 centimeter (cm)
1 foot (ft) = 0.3048 meter (m)

1 mile = 1.6093 kilometer (km)
1 pound (lb) = 0.45359 kilograms (kg)
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