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Ponderosa pine drawing by Lorraine Ashland, College of Natural Resources, University of Idaho.
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Introduction_______________________________________________________
Animal damage can have a severe negative impact on reforestation success and may cause reduced seedling vigor during early plantation de-

velopment (Black 1994; Nolte and Dykzeul 2000; Nolte 2003). Impact of damage to plantations varies according to local ungulate population
size, migratory patterns, tree species, seedling size, presence of alternative forage, weather, slash, topography, and habitat interspersion 
(Nyberg 1990). 

The Oregon Department of Forestry (ODF) has experienced severe problems with reforestation efforts associated with damage from deer and
elk browsing. For instance, in the winter of 2003, more than 25% of areas planted by ODF were subsequently interplanted or completely replanted
as a result of animal damage (Powell 2003). Thus, animal damage can clearly impede the regeneration phase and may have severe economic
and ecological consequences to Pacific Northwest forestry.

A variety of silvicultural options exist to limit damage caused by animals during the regeneration phase in forest management. However, the
expense associated with many of these options (for example, fencing, vexar tubing) limits their practical application in operational reforestation
(Nolte and others 1990; Nolte 1999, 2003). Chemical repellents applied to terminal buds are labor-intensive and produce varied, but often inef-
fective, results (Nolte 1999; Nolte and Wagner 2000; Wagner and Nolte 2001). An alternative means that may prove more cost effective is to
promote rapid seedling growth to free-to-grow status (that is, above the browse line) as quickly as possible. 

The purpose of this study is to assess the response of Douglas-fir (Pseudotsuga menziesii), western hemlock (Tsuga heterophylla), and western
redcedar (Thuja plicata) to manipulation of plant nutrient content via controlled-release fertilization at time of outplanting at four fertilizer ap-
plication rates (0, 20, 40, and 60 g [0, 0.7, 1.4, 2.1 oz]). Seedlings will be consistently monitored over a 5-year period for growth, foliar nutrient
and terpene levels, and susceptibility and recovery from animal browse. Simultaneously, a simulated browsing study will be conducted to help
verify animal browsing treatment responses observed in the primary field trials using the same fertilizer regime. Relationships between browse
susceptibility, recovery, and fertilization treatments will be thoroughly quantified. Additionally, the effect of fertilizer treatments and browsing
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Abstract: Efforts to minimize animal damage during reforestation in the Oregon Coast Range

have had little success. Enhancing plant mineral nutrition via application of controlled-release

fertilization at the time of planting may provide some relief from ungulate browse pressure due

to increased height growth, but associated impacts on susceptibility of fertilized plants to browse

is unknown. This study is broken into two components, a field study and a simulated browse

study. The field study examines the response (in terms of growth and browse) of Douglas-fir

(Pseudotsuga menziesii), western hemlock (Tsuga heterophylla), and western redcedar (Thuja

plicata) to controlled-release fertilization at time of outplanting at a continuum of four fertilizer

application rates (0, 20, 40, and 60 g [0, 0.7, 1.4, 2.1 oz]). The simulated browse study uses the

same fertilizer treatment regime and includes three simulated browse treatments: 1) 75% terminal

shoot reduction; 2) 50% reduction; and 3) no reduction (control). For the field study, browse in-

tensity was site- and species-specific. Few patterns were observed between browse preference

and fertilization. Overall, relative height growth was optimized at the middle fertilizer rates (20 to

40 g [0.7 to 1.4 oz]) for all species. Results from the simulated browse study confirm the findings

from the field study that fertilization is providing significant height growth gains for non-browsed

seedlings and significant recovery for those seedlings that were mechanically browsed.
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intensity on production of plant terpenes will be examined. This in-
formation may be used to determine how variation in plant nutrition
affects production of chemical plant herbivory defenses and will si-
multaneously yield practical, useable scientific results regarding the
efficacy of silvicultural treatments that may help reduce damage and
costs associated with animal browsing during the reforestation
process.

In this paper, we describe this ongoing project and report some pre-
liminary results. We expect that more detailed reports will be pub-
lished in the future.

Materials and Methods____________

Field Browse Study
Four sites were chosen for the field browse study, covering a range

of the northwestern Oregon Coast Range physiographic province.
These study sites (Bale Bound, Post Canyon, Yellow Bus, and Zig
Zag) were installed on forest land managed by the Oregon Department
of Forestry, Tillamook District. The different sites represent a range
of site conditions (that is, slope, aspect, soils).

A total of 960 seedlings were planted for each species (Douglas-fir,
western hemlock, western redcedar) for all four sites on 5 to 8 Febru-
ary 2006. Hampton Tree Farms (Salem, OR) provided Douglas-fir
plugs grown in Styroblock® 515 containers (250 ml [15.3 in3]) from
IFA Nurseries, Incorporated (Canby, OR). ODF provided western
hemlock and western redcedar plugs grown in Styroblock® 615 con-
tainers (336 ml [20.5 in3]) from Pacific Regeneration Technologies,
Incorporated (Hubbard, OR).

For each species, there are four fertilizer treatments in a complete
randomized block design. The fertilizer treatments consist of Osmo-
cote Exact® Lo-Start 15N:9P2O5:10K2O plus minors controlled-re-
lease fertilizer (CRF) applied at four different application rates (0, 20,
40, and 60 g [0, 0.7, 1.4, 2.1 oz]) per seedling). Fertilizer was applied
with a planting tool on the uphill side of the tree 5 cm (2 in) from the
stem and at a depth of 5 cm (2 in) (Figure 1). There are four fertilizer
treatments and four replications per species per site. This equates to
15 seedlings per treatment per rep per species per site. Species will be
analyzed separately.

Prior to planting, a sub-sample of five seedlings from each species
was destructively sampled to evaluate initial nutrient concentration
levels and terpene levels to establish a baseline. Field measurements
will be conducted twice per year, at the beginning (October) and end

(May) of the primary winter browsing period. At each sampling,
seedlings will be evaluated for survival and degree of browse damage
(lateral and terminal shoot assessment). Evidence of foliar chlorosis,
which may be indicative of nutrient stress, will also be noted. At each
October sampling, seedlings will be measured for shoot height and
root-collar diameter. Additionally, foliage samples will be collected
from every seedling and pooled by species/block/treatment to evaluate
foliar levels of both nutrients and terpenes. 

Simulated Browse Study
A single site was selected in the southern region of the Tillamook

District (ODF) where a total of 648 seedlings were planted for each
species (Douglas-fir, western hemlock, western redcedar) in January
2007. Prior to planting, the site was prepared with an aerial herbicide
application and intensive slash removal. Following these prescriptions,
the site was fenced around its perimeter and trapped for mountain
beaver (Figure 2). Western redcedar, Douglas-fir, and western hemlock
seedlings were planted in January 2007. ODF provided the following
plug stock from PRT: Douglas-fir and western hemlock plugs grown
in Styroblock® 615 containers (336 ml [20.5 in3]), and western red-
cedar grown in Styroblock® 512 containers (220 ml [13.4 in3]). 

The simulated browse study is a complete randomized block design
examining the three separate species. There are four fertilizer treatments
and three browse treatments for a total of 12 treatment combinations.
With three reps and 18 seedlings per rep, there are a total of 648
seedlings per species. Species will be analyzed separately. The fertilizer
treatments are the same as the field study, consisting of four different
application rates (0, 20, 40, and 60 g [0, 0.7, 1.4, 2.1 oz] per seedling).
At the time of planting, the simulated elk browse treatments were
applied as follows: 1) no browse (control); 2) clip main stem with a
50% reduction; 3) clip main stem with 75% reduction (Figure 3). 

Survival, growth, and browse damage (if it occurs) of seedlings
within this experiment will be measured once a year (~October) using
the same protocol as the field study. Foliage samples will also be col-
lected from every seedling and pooled by species/block/treatment to
evaluate foliar levels of both nutrients and terpenes. 

Figure 1. Pottiputki planting tool used to deliver controlled-release
fertilizer 5 cm (2 in) uphill of the seedling and 5 cm (2 in) below the soil
surface. 

Figure 2. Simulated browse study site with all large slash and residual
live trees removed. A 2.4 m (8 ft) fence was constructed around the
perimeter of the site, which extended 30.5 cm (12 in) into the soil. The
first 0.6 m (2 ft) from the base of the fence was covered in chicken-wire
to exclude rodents.  
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Summary_______________________

Field Browse Study
For the field study, browse intensity was site- and species-specific.

Differences in site may be a function of ungulate herd dynamics,
which includes the number of individuals and their range of move-
ment. Browse differences by species may be a function of plant chem-
ical defenses in the form of terpene production. 

Western Redcedar
Measurements after one growing season revealed high levels of

browse across all sites and fertilizer treatments (Figure 4). Browse in-
tensity (measured as the percentage of seedlings browsed) after the
first growing season differed only by site. Seedlings at Bale Bound
and Zig Zag had less than 70% browse, whereas Post Canyon and Yel-
low Bus had nearly 100% browse. By the end of the third growing
season, browse intensity was approximately 100% for all sites and fer-
tilizer treatment levels.

Trends were observed with fertilizer response; the 40 g (1.4 oz)
treatment appeared to have greater mean relative height growth
([current ht - initial ht] / initial ht) compared to the other fertilizer
rates, including the control. Repeated browse and severity of browse
interfered greatly with fertilizer response. 

Mean relative height growth was used to describe not only height
growth but also browse severity. After three growing seasons, western
redcedar was the only species with negative relative height growth
(occurring only at Post Canyon and Zig Zag). Interestingly, even in
the presence of browse after three seasons, positive relative height
growth was observed at Bale Bound and Yellow Bus, suggesting
browse was not as severe. This may be a function of both site condi-
tions and ungulate herd population dynamics.

Douglas-fir
Browse intensity also varied greatly for Douglas-fir between sites

for all measurement periods, though was far less than that of western
redcedar and western hemlock. Mortality was extremely high at Bale
Bound due to site conditions (unrelated to browse) and thus was
dropped from the analysis. After the first growing season, browse dif-
fered only by site; the average browse percentage was less than 10%
for Yellow Bus and Zig Zag and greater than 50% for Post Canyon.
By the third growing season, there were only slight increases in
browse intensity at all three sites, mostly in the form of lateral damage
(Figure 5). 

Mean relative height growth at the end of the first growing season
was below 50% for all sites and fertilizer treatments. Post Canyon,
having high browse pressure, revealed negative growth rates after the
first season. By the third measurement period, all sites and treatment
levels had positive mean relative height growth in which some trees
had already grown beyond the browse height range (Figure 6). 

With the addition of fertilizer, regardless of rate, general trends in
relative height growth gains were observed compared to the control
(no fertilizer) for seedlings at all sites. A possible toxicity effect was
observed under the 60 g (2.1 oz) fertilizer rate; all sites showed a de-
clining trend in relative height growth compared to the 20 and 40 g
(0.7 and 1.4 oz) rates.

Western Hemlock
Soil conditions at the Zig Zag site were extremely harsh due to

buried slash, resulting in almost 100% mortality. For this reason,

Figure 3. Clipping of the simulated browse treatment was performed
by first measuring the pre-clipped height and then determining the 50%
or 75% clipping height. All foliage was grabbed from the base and pulled
up to the calculated height to be clipped. 

Figure 5. Impacts from browse on Douglas-fir was far less severe than
the other species. After the third growing season, most browse occurred
as damage to the lateral branches. 

Figure 4. Typical browse intensity and severity of western redcedar
after three growing seasons. Half of the field sites resulted in negative
relative height growth.
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Zig Zag was removed from the analysis. Similar to western redcedar
and Douglas-fir, western hemlock browse intensity varied greatly
between sites, ranging between 10% and 75% after the first growing
season. By the third season, browse intensity nearly doubled for each
site (Figure 7). No trends were observed between browse intensity
and fertilizer rate.

At the end of the first growing season, mean relative height for all
sites and treatment levels was below 50%. There were no negative
growth rates after this first season, suggesting browse was not as se-
vere as was observed with western redcedar and Douglas-fir. Sub-
stantial relative height growth was observed at the end of the third
growing season at both Post Canyon and Yellow Bus; growth rates
exceeded 150% for all treatment levels. A combination of heavy
browse pressure and site conditions at Bale Bound may have con-
tributed to lower growth rates (range of 50% to 100%) compared to
the other sites. At the end of the third growing season, the 20 g (0.7
oz) fertilizer treatment appeared to outperform all other fertilizer lev-
els, including the control. This trend was similar to that observed with
western redcedar and Douglas-fir in that the middle fertilizer levels
(20 to 40 g [0.7 to 1.4 oz]) provided height growth gains up to 8.5
times that of the control.

Simulated Browse Study
After two growing seasons, the simulated browse study revealed

positive relative growth response under all fertilizer and browse treat-
ments. This differs from the field study, which has shown, and con-
tinues to show, negative growth for some species and some sites. This
negative growth in the field is a function of repeated browse. 

Western Redcedar
Second growing season results for mean relative height growth

were similar to those found one year after planting. Fertilization, re-
gardless of rate, showed gains in relative height growth relative to the
control. Trends suggest that greater gains were achieved at the higher
fertilizer rates (40 and 60 g [1.4 and 2.1 oz]). As anticipated, simulated
browse treatments resulted in significant differences in mean relative
height growth. The gains from fertilization and lack of interaction be-
tween treatments suggest that fertilization is aiding in recovery from
browse. 

Douglas-fir
Fertilization appeared to also aid in the recovery from browse after

the second growing season of Douglas-fir seedlings. The greatest gains
in relative height growth were observed under the 20 g (0.7 oz) treat-
ment. These gains were more evident under the 75% reduction level.
Beyond the 20 g (0.7 oz) rate, there was a decreasing trend toward the
60 g (2.1 oz) rate, suggesting potential toxicity effects. 

Western Hemlock
Compared to the control fertilizer treatment (0 g), there was a steady

increase in mean relative height growth with increasing fertilizer rate.
Height growth was maximized at the 60 g (2.1 oz) rate, which differed
from the findings in the field study. Again, there were obvious differ-
ences between the simulated browse treatment levels. 

Terpene Analysis
Currently, terpene analyses have only been performed on baseline

seedlings (prior to treatment application) due to the complexity of the
methodology/preparation and the time consuming process of gas chro-
matography-mass spectrometry (GC-MS). Future reports will have a
strong focus on terpene responses to browse and fertilization.

Figure 6. Outstanding height growth of Douglas-fir with minimal to no
browse at the Zig Zag site after three growing seasons. 

Figure 7. Extreme browse damage of western hemlock after three 
growing seasons.
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Conclusions_____________________
Results from both studies suggest that fertilization is providing sig-

nificant gains in terms of both growth and recovery. Examining the
influence of browse and plant mineral nutrition on the production of
plant chemical defense (terpenes) is a part of this study and will con-
tribute to better understand those specific factors driving browse sus-
ceptibility and recovery. 
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