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Abstract.--During the 1970's, container and
bar eroot stocktypes of conifer tinmber species were
widely tested in the Coast Ranges of Oregon and
Washi ngton. Both survival and total height varied
widely in tests on national forests. After 4 to
5 years, neither stocktype survived consistently
better than the other. However, on these relatively
nmoi st sites with lush devel opment of conpeting
vegetati on and high ani mal popul ati ons, |arger
nursery stock (represented by bareroot seedlings)
tended to grow taller than stock that was initially

smaller. Site factors seened to influence surviva
and growth nore than did the original stocktype

| NTRODUCTI ON

The decade of the 1970's saw rapid
devel opment of forest nursery technol ogy. High
demand for seedlings, |ack of good sites for
expansi on of bareroot nurseries, and a perceived
bi ol ogi cal advantage of protected root systens
fostered creation of container nurseries. The
new st ocktypes were being planted operationally,
and they were also being tested throughout the
Pacific Northwest to determine their suitability
and limtations

From 1974 through 1976, scientists fromthe
Paci fic Northwest Research Station of the USDA
Forest Service initiated extensive field tests
on the national forests in the Pacific Northwest
Regi on. These planting trials were designed to
systematically conmpare survival and growh of
cont ai ner and bareroot stocktypes on a w de
variety of sites and in a nunber of different
field conditions (Owston and Stein 1974). In
addi tion, stocktype conparisons were part of a
| arge, integrated study of reforestation systens
on the Siuslaw National Forest in western Oregon
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(Stein 1984, unpubl.). Exam nation of the 4- or
5-year results of all these trials provides

i nsi ght and gui dance for the use of nursery
stock in current reforestati on operations (age
was consistent within trials). This paper
focuses on two primary species, Douglas-fir
(Psuedot suga nenziesii (Mrb.) Franco) and
western hem ock (Tsuga heterophylla (Raf.)
Sarg.). Sone trials of Sitka spruce (Picea
sitchensis (Bong.) Carr.) and western redcedar
(Thuja plicata Donn ex D. Don) are also

descri bed.

METHCDS

For the Region-wide trials, container and
bareroot seedlings of one species were planted
on each of numerous test sites. The sites were
part of the normal reforestation progranms of the
participating ranger districts. Four plots,
each consisting of two rows of 25 trees of each
stocktype, were to be established on each site.
Variations in this design occurred on sone sites
to meet special objectives or to acconmpdate site
conditions (e.g., several different sizes of
containers were tested in a few of the trials by
addi ng additional rows). Plot |ocations were
sel ected so that slope, aspect, and conposition
of associ ated species were representative of the
area and rel atively honogeneous within
i ndi vi dual plots. Unplantable spots were
ski pped, and rows were extended to provide the
required 25 planting spots. Generally, surviva
was checked and seedling heights were neasured
every other year.



Several steps were taken to ensure unbiased
conpari sons:

1. Wthin each trial, the container and
bareroot seedlings were fromthe same seed
source.

2. Both stocktypes were planted concurrently to
elimnate weather as a variable.

3. Trees within a plot were planted by the sane
person, or planters were rotated between
stocktypes to minimze planting quality as a
bi as.

4. Animal protection neasures or other
treatments were applied the same to each
stocktype in a trial.

Sim lar nmethods were used for the
i ntegrated study on the Siuslaw National Forest,
except that site preparation treatnments and nore
stocktypes were included in large installations
on six clearcuts (Stein 1984). Douglas-fir and
west ern hem ock were both planted.

Each of the sites in the Region-w de study
was consi dered separately for statistical
anal yses (anal ysis of variance). The results
are indicated for exanple sites to be described
in detail. The six sites in the Siuslaw study
wer e designed and anal yzed as one experi nent
(Stein 1984); these results will be detailed in
a |l ater research paper.

We provide an overvi ew of coastal results
by presenting the nunber the individual coastal
study trials in which one stocktype did better,
wor se, or about the same as the other. For
survival, one conparison considers perfornmance
to be the same if the mean survivals of both
stocktypes are within 10 percent of each other.
A second conparison considers performance to be
the same if the nmeans do not differ by nore than
20 percent. These are arbitrary threshol ds used
to indicate a general |evels of conparability
that the authors feel are useful to
reforestation specialists.

Sim | ar conparisons were made for total
hei ght using arbitrary threshold val ues of 10-
and 20-percent differences between nean heights
to categorize stocktypes as being the same or
different from each other.

NURSERY STOCK

The majority of tests were perforned using
seedlings grown in relatively small containers,
2.4 to 4 cubic inches in volune, and average 2+0
bareroot seedlings (tables 1 and 2). Mst of
the container stock was grown at the Beaver
Creek Seed Orchard of the Siuslaw National
Forest, near Corvallis, Oregon. The containers
used were either styrofoam blocks with cavities
or individual plastic cells (RLP's). Al of the
contai ner stock was planted as plug seedlings;
i.e., renoved fromthe containers before
pl anting. The bareroot stock was produced
nostly at the Hunbol dt Nursery in northern

California or the Wnd River Nursery in
sout hwest ern Washi ngt on.

Stein's (1984) study on the Siuslaw
Nati onal Forest included several different
cl asses of bareroot Dougl as-fir stock, but only
t he nmedium size class was considered in this
paper. Only one size-class of western henl ock
was used. Half of Stein's seedlings were
protected from ani nal damage and hal f were not.
We used the data fromunprotected stock, because
stock in the Region-wi de study were al so
unpr ot ect ed.

Of 28 trials included in our data, 13 were
with Douglas-fir, 10 with western hem ock, 3
with Sitka spruce, and 2 with western redcedar.

Table |.--Characteristics of planting stock for
exanple trials of Douglas-fir.

Trial no.

Descri ption 1 2 3 4
When Pl ant ed 12/ 73 3/76 11/77 7175
Bar er oot type 2+0 2+0 2+0 2+0

Ave. ht. (cm Unk. 30 38 35

Ave. cal . (mm) uUnk. unk. 5.2 3.4
Cont ai ner type Styro-2 RLP RLP Styro-2

Root Vol . (cc) 40 65 65 40

Ave. ht. (cm 201 19 11 21

Ave. cal . (m) 2.51 Unk 2.1 2.5

1Estimated from speci es averages for seedlings
produced at the same nursery during the sanme tine
peri od.

Table 2. --Characteristics of planting stock for
exanpl e trials of western hem ock (WH), Sitka
spruce (SS), and western redcedar (WRC) on the
Si usl aw National Forest.

Trial no.
Description 5 6 7 8
Speci es VWH VWH SS WRC
Wien Pl ant ed 2/ 75 4/ 74 1/ 74 7175
Bar er oot type 2+0 Wldling 2+0 2+0
Ave. ht. (cm 26 Unk. 20 Unk.
Ave. cal . (mm) 3.4 Unk. 2.8 Unk.
Cont ai ner type Styro-2 Styro-2 Styro-2 Styro-2
Root Vol . (cc) 40 40 40 40
Ave. ht. (cm) 15 14 27 201
Ave. cal.(m) 2.0 2.0 2.2 2.21

1Estimated from speci es averages for
seedl i ngs produced at the sanme nursery during the
sane tine period.



STUDY SI TES

Details are given for four trials of
Dougl as-fir on the O ynpic, Siuslaw, and
Si ski you National Forests (table 3) and trials
of western hem ock, Sitka spruce, and western
redcedar on the Siuslaw (table 14) to illustrate
exanpl es of variations encountered. Elevations
of the sites ranged from 800 to 2,700 feet above
sea |level. Soil conditions varied fromthose
typi cal of the Coast Ranges to shallow, rocky
sites perceived or experienced to be difficult
to reforest. All of themwere on clearcuts and
nost of them had been burned for site
preparation; but re-encroaching vegetative
conpetition was vari abl e.

greater
within sites,
survival

RESULTS

Exanpl e Sites

One readily apparent result is that
di fferences in average survival were nmuch

bet ween sites than between stocktypes
Assuming little change in
bet ween 4th and 5th years, differences

between sites ranged from2 to 52 percent,
wher eas those between stocktypes within sites
ranged fromO to 12 percent (figs. 1 and 2).

Considering only the 5-year-old trials, the
range of height differences between sites was 9
to 161 centinmeters, whereas differences between
stocktypes within sites ranged from5 to 19

Sites in the other 20 trials covered a centimeters (figs. 3 and 14).
sim lar range of conditions.
Table 3. --A summary of site conditions for exanple trials of Douglas-fir
planted in the md-1970"s.
Trial no.
Descri ption 1 2 3 4
Nat i onal For est Si usl aw Si ski you Si ski you a ynpi c
Ranger District Mapl et on Gol d Beach Gol d Beach Sol educk
El evation (ft.) 1, 000 2,700 1, 500 1, 400
Aspect Sout h Sout heast West Nort h
Site | ndex 1V Il Il Il
Soi |l Depth & Shal | ow Medi um Medi um Shal | ow
Char act er Gavel ly Rocky Loam Rocky
Site Preparation Burned Bur ned Bur ned Bur ned
Cover at Planting Open Brush Open Hvy. herbs
(t anoak) & sl ash
Table 4. --A summary of site conditions for exanple trials of western
hem ock (W-1), Sitka spruce (SS), and western redcedar (WRC) planted
in the md-1970's on the Siuslaw National Forest.
Trial no.
Descri ption 5 6 7 8
Ranger District Al sea Hebo Wl dport Mapl et on
Speci es WH VWH SS WRC
El evation (ft.) 1, 200 800 750 900
Aspect Nort h Sout h East Wto N
Site index Il I 11 111
Soil depth & Medi um Medi um Medi um Shal | ow
character Wel | -drai ned Well-drained Loam Rocky
Site preparation Unbur ned Bur ned Bur ned Bur ned
Cover at planting Mediumbrush Light brush Open Hvy. herbs

& sl ash
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Figure | .--Average survival 4 (trials no. 1
and 4) or 5 years after planting of
Dougl as-fir stocktypes in exanple trials on
coastal sites in Oregon and Washi ngton.
Vertical bars represent 1 standard error
None of stocktype differences are
significant at the 95%/ evel
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Figure 2.--Average survival 4 (trial no. 5) or 5
years after planting of western henl ock
Sitka spruce, and western redcedar
stocktypes in exanple trials. Vertica
bars represent 1 standard error. None of
the stocktype differences are significant
at the 95%1 evel .

In two other tests where containers both
2.4 and 4.0 cubic inches in volume were used
survival differences were only 3 to 4 percent
and inconsistent; height differences in the
seedlings after 4 or 5 years were only 6 to
7 percent of average total height, but the
| arger containers yielded the tallest average
seedl ing height in both cases. In another
trial of Sitka spruce, where containers with
vol umes of 2.4 and 8.0 cubic inches were used,
survival after 5 years was 90 percent and 100
percent, respectively; average total height was
197 and 265 centineters, respectively.

Overal | Conparisons

A total of 28 stocktype study sites were
installed by the PNW Research Station on coasta
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Figure 3.--Average total height 4 (trials no. 1
and 4) or 5 years after planting of
Dougl as-fir stocktypes in exanple trials.
Vertical bars represent 1 standard error
Stocktype differences in trials no. 1 and
3 are significant at the 95% | evel.
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Figure 4.--Average total height 4 (trial no. 5)
or 5 years after planting of western
hem ock, Sitka spruce, and western redcedar
stocktypes in exanple trials. Vertica
bars represent 1 standard error. Stocktype
differences in trials no. 5 and 7 are
significant at the 95%/ evel

sites in Oregon and Washi ngton (counting Stein's
sites twi ce--once for each of the two species)
Figures 5 and 6 display the nunbers of these
sites in which one stocktype or the other does
better, worse, or about the same as the other

The nost striking observations fromthese
conparisons are:

1. Stocktype very seldom made a | arge
difference in survival (i.e., 20%or nore).

2. Even small differences in survival between
stocktypes (10%to 19% occurred in only
about half of the tests, and one type was
better about the sanme nunber of tines as the
ot her.
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Fi gure 5.--Nunber of individual trials in which
one stocktype had better, the same, or
wor se average survival than another

3. In terms of total height after 4 to 5 years
bareroot seedlings showed an advantage at
both the 10- and 20-percent threshol ds

DI SCUSSI ON

In terms of survival, bareroot and
cont ai ner stocktypes have perforned fairly
simlarly on coastal sites. Individual cases
when one stocktype has done nuch better than
anot her can sonetinmes be traced to a specific
case of poor or mshandled stock, and we suspect
that has been the case in other, untraceable
situations.

Sorme readers m ght be surprised at the
relatively |low survival of both stocktypes in
some of the exanples. We ascribe this to two
causes: (1) sites selected for container vs.
bareroot tests were often the very toughest on
the national forests, because the
silviculturists selecting the sites were |ooking
for answers to difficult problens; and
(2) seedlings were not protected from ani ma
damage in nost of the tests. In situations
where half of the seedlings of each type were
protected and hal f unprotected, the protection
treatnent (tubing with rigid plastic nesh)
significantly inproved survival of both
stocktypes (Stein 1984, unpubl.).

In terms of growth on coastal sites,
initial seedling size seenmed nore inportant than
if it was raised in a container or in a bareroot
seedbed. The few tests of different container
sizes in the Region-wi de study and Stein’'s data
for different size classes of bareroot stock
(Stein, 1984 unpubl.) indicated that |arger
seedl ings grew better than smaller ones. The
relatively mesic environment nmakes top/root
ratio less critical than in dry areas. Also,
| arge seedlings have an advantage in
wi t hst andi ng ani mal danmege and being able to
stay ahead of the regrowth of conpeting
veget ati on.

10% Threshold
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Figure 6. --Number of individual trials in which
one stocktype was taller, the same, or
shorter in average total height than
anot her.

It is our opinion that factors of seedling
physi ol ogi cal condition, size at tinme of
pl anting, and environnmental conditions on the
planting site override differences in
performance potential between stocktypes. This
i s based on personal experience, studying
avai l abl e data, and examning the literature
(Oaston, this volune). Empirical trials of
stocktypes are probably only useful for very
specific areas and situations where particul ar
types are related directly and consistently to
di stinct sizes and conditions of seedlings.

It was the hope of many early proponents of
cont ai ner seedlings, including the authors, that
the protected, relatively undanaged root systens
and opportunity to fine-tune their condition in
greenhouses woul d provi de a bi ol ogi cal advant age
that would nore than offset their generally
smaller initial size. This has not been the
experience on the coastal national forests in
the Pacific Northwest. Also, a stocktype tria
in the Oregon Coast Range by one Oregon paper
conmpany resulted in |larger bareroot stock both
surviving and growi ng better than smaller
bareroot or container stock (lverson and Newton
1980) .

O her ownershi ps have had different
resul ts--probably because of size and condition
factors, as already nentioned. For exanple
Geor gi a- Paci fic Corporation had consistently
better survival with container seedlings than
wi th bareroot stock in plantings along the
Paci fic Northwest coast in the 1970's (Hahn and
Hut chi son 1978).



I'n conclusion, we recomend that
reforestation specialists in the Coast Ranges of
Oregon and Washi ngton and areas of simlar site
conditions look first for where they can
consistently obtain healthy, well-conditioned
pl anting stock with a good bal ance between tops
and roots. Wthin those choices, they should
opt for the largest seedlings they can afford
when considering the overall environmental and
econom ¢ objectives of their organizations.
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