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Introduction
Dry, south-facing slopes, such as those common-
ly found in north-central Idaho, often need to be
planted more than once due to poor seedling sur-
vival. The Idaho State Forest Practices Act
requires minimum stocking levels to be achieved
within 5 years following harvest. However, this
requirement can be difficult to meet based on
seedling mortality due to moisture stress, vegeta-
tive competition, and animal browse. As contain-
er seedlings are useful in revegetating harsh sites
(Walker and Kane 1997), a strong industry inter-
est exists in determining optimal stocktypes for
regenerating inland northwest forests.

Container size can be manipulated to meet
certain management objectives, such as site con-
ditions, cost constraints, and the silvics of the
species of interest. Larger container size is well
correlated with larger seedling size at the end of
the nursery production cycle (Pinto 2005;
Dominguez-Lerena and others 2006). Typically,
larger seedlings cost more initially (Davis and
others 2007), but can outperform smaller
seedlings in the field (Dominguez-Lerena and
others 2006).

Copper coating of containers is done to
enhance early root growth of container seedlings.



Copper is toxic to roots, and roots will self-prune
on contact with the copper-treated cell wall. After
outplanting, these root tips will grow more later-
al roots, particularly in the upper profile of the
root plug (Burdett and others 1983; Wenny and
Woollen 1989; Dumroese 2000; Campbell and
others 2006). This improved lateral root develop-
ment can result in altered, and potentially
improved, seedling water and nutrient acquisi-
tion (Burdett and others 1983).

Our study objective was to compare survival
and growth of outplanted western white pine
(Pinus monticola) seedlings, grown in 2 sizes of
containers, with and without copper coating. We
hypothesized that seedlings grown with copper
treatment would outperform non-copper
seedlings based on better root penetration, which
facilitates water and nutrient uptake, and that
seedlings that were larger at outplanting would
maintain their size difference over time.

Methods
Western white pine seedlings were grown in 2004
under operational practices at the University of
Idaho Franklin H Pitkin Forest Nursery
(Moscow, Idaho) in 2 sizes (120/80 and 91/130)
of Copperblock™ and Styroblock™ containers
(Beaver Plastics, Edmonton, Alberta, Canada).
Copperblock™ containers are coated with copper
oxychloride on the inside walls, serving as a root-
pruning mechanism. The 120/80 containers have

a growing density of 120 seedlings per container
and a cavity volume of 80 ml (5 in3), while 91/130
containers have a growing density of 91 seedlings
per container and a cavity volume of 130 ml (8
in3). At lifting (December 2004), a subsample of
seedlings was oven-dried for biomass assessment.
The remaining seedlings were placed in refriger-
ated storage until spring, at which time they were
outplanted.

An experimental site was chosen near Elk
River, Idaho. Four replications were established as
a randomized complete block design with 20
seedlings per treatment replication. The study
was a 2 x 2 factorial (copper coating x container
size). One replication was dropped due to exces-
sive damage by ungulates. Survival, height, and
root collar diameter were measured after out-
planting, and at the end of each growing season
(2005 and 2006). Data were analyzed with 2-way
analysis of variance using SAS software (SAS
Institute Incorporated, Cary, North Carolina),
and significant differences at α = 0.05 highlight-
ed using LSMEANS.

Results
Container size had a significant influence on ini-
tial seedling root biomass (P = 0.0422), shoot
biomass (P = 0.0026), and total biomass (P =
0.0091), with seedlings from larger cavities hav-
ing greater biomass than those from smaller cav-
ities (Table 1). Similarly, seedlings grown in the

Table 1. Initial biomass of seedlings. Letters indicate significant differences (α = 0.05).

Container Dry weight (g)
Size Type Root ± SE Shoot ± SE Seedling ± SE

120/80 Styroblock® 1.27 ± 0.16 a 1.34 ± 0.13 a 2.61 ± 0.27 a

Copperblock® 1.21 ± 0.16 a 1.37 ± 0.20 a 2.80 ± 0.35 a

91/130 Styroblock® 1.80 ± 0.27 b 2.60 ± 0.37 b 4.40 ± 0.63 b

Copperblock® 2.00 ± 0.17 b 2.88 ± 0.22 b 4.88 ± 0.38 b
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Figure 1. Seedling height: initial (top), 2-year growth (mid-
dle), and total (bottom). Main effect of container size was
significant for all 3, and copper treatment significant for
only initial height. Letters and * indicate significant differ-
ences (α = 0.05).

Figure 2. Seedling root collar diameter: initial (top), 2-year
growth (middle), and total (bottom). Main effect of contain-
er size was significant for all 3. * indicates significant dif-
ference (α = 0.05).



larger (91/130) cavities had greater shoot-to-root
ratios (P = 0.0008, Table 2) than those grown in
120/80 containers. Treatment with copper had no
significant effect on initial biomass (P = 0.5900).
At outplanting, seedlings grown in copper-treat-
ed containers were shorter (P = 0.0164) than
those grown in regular containers, but no differ-
ence was identified for initial root collar diameter
(P = 0.1354). Cavity size had a significant effect
on both initial height (P = 0.0018) and root col-
lar diameter (P = 0.0004), with seedlings grown
in 91/130 containers being larger than those in
120/80 containers (Figures 1 and 2).

Seedling survival was not influenced by treat-
ments (P = 0.9636), and was approximately 90%
across all treatments. Height growth (Figure 1) and
root collar diameter growth (Figure 2) were signif-
icantly greater in larger cavities (P = 0.0215 and P =
0.0012, respectively), but not influenced by copper
treatment (P = 0.3095 and 0.8359, respectively). At
the end of 2 growing seasons, height (P = 0.0069;
Figure 1) and root collar diameter (P = 0.0003; Fig-
ure 2) were significantly greater in 91/130 contain-
ers than in 120/80 containers.

Discussion and Future Directions
Seedlings grown in larger containers grew more
in height and root collar diameter than seedlings
in smaller containers after 2 growing seasons, in
addition to being larger initially. This corre-
sponds to expected behavior, given knowledge of

plant use of growing space and resource acquisi-
tion, as well as existing evidence (Dominguez-
Lerena and others 2006). However, nursery cul-
tural practices and early stand silviculture must
be treated as dynamic processes to ensure proper
seedling production. Furthermore, increasing
shoot size may not be without detriment to root
morphology, as identified in a study of longleaf
pine (Pinus palustris) by South and others (2005).

Copper treatment had no effect on seedling
growth after 2 growing seasons, despite some ini-
tial differences in seedling height. Therefore,
treatment of container seedling cavity walls with
copper was not effective at addressing initial con-
cerns over seedling performance on this site. This
corresponds with the findings of Wenny and oth-
ers (1988) investigating western white pine. How-
ever, given known variability in growth in other
species, such as lodgepole pine (Pinus contorta),
where results have found both improvement
(Burdett and others 1983) and no difference
(Campbell and others 2006) in seedling growth
after outplanting, attention must be paid to
species, site, and environmental conditions at
time of establishment. The potential for added
mechanical stability (Burdett and others 1983)
further highlights a possible long-term benefit of
copper-coated containers. Finally, longer term
assessment may be warranted, as height growth
was not significantly impacted by copper treat-
ment until year 4 of the study described by Bur-
dett and others (1983). However, Wenny (1988)
did not find any difference in Douglas-fir
(Pseudotsuga menziesii), western white pine, and
ponderosa pine (Pinus ponderosa) seedling
growth after 3 field growing seasons.

Our intention is to continue to maintain and
monitor these plots. Thus, they may be thinned
to minimize within-treatment competition. Fur-
thermore, in addition to continued assessment of
seedling morphology, it is intended that econom-
ic analysis of treatments will be performed after
seedlings reach free-to-grow status.

Table 2. Initial shoot-to-root ratios of seedlings. Let-
ters indicate significant differences (α = 0.05).

Container
Size Type Shoot:root ± SE

120/80 Styroblock® 1.10 ± 0.07 a
Copperblock® 1.14 ± 0.08 a

91/130 Styroblock® 1.48 ± 0.06 b
Copperblock® 1.45  ± 0.05 b
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