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SNCC Income Sources anp Expenpitures 2004

Income

Membership dues $107,500
Oregon State Legislature $120,000
Total Income $227,500

Expenditures (Projects):

Salaries and Wages: $ 98,650
Supplies and Services $ 79,950
Travel $ 9,728
Indirect costs $ 18,178
Total expenditures $206,506

Net total $ 20,994
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To: SNCC Members

From: Doug Mainwaring
Date: September 2004
Subject: 2004 Annual Report

NCC is now eightyears old, and | thank the members for their support

this year. Appreciation is also owed to the Oregon State Legislature

for their continued financial support of the Coop’s efforts. This year’s
annual report contains summaries on the progress made on our 10 projects,
as well as additional reports from related SNC studies.

Acknowledging the accomplishments of the Coop to date, a deci-
sion was made last year by the membership to scale down research and
member dues. With the recognition that new efforts should be directed
more towards practical research, the membership produced a new mis-
sion statement and objectives. An obvious and ever-present impediment
to new research is the budget: with a final year of funding from the state
legislature ($120,000), and the current level of membership dues, the
projects adopted for 2005 tie up all but $40,000 of Coop budgets to 2008,
much of it going to monitoring.

| regard it a priority in the next year to identify specific end goals that
the membership wants to see accomplished. Once established, we can
identify those steps necessary to reach those goals. With tighter budgets,
a refocus on goals should make our efforts more efficient, and hopefully
generate increased enthusiasm.

I would like to thank this year’s project investigators for their fine ef-
forts in generating new information concerning Swiss needle cast: Alan
Kanaskie, Doug Maguire, Jeff Stone, Dan Manter, and Robin Rose.

[ would also like to thank and acknowledge the active members, whose
interest and enthusiasm keep this cooperative moving in the right direction:
Mark Gourley, Alan Kanaskie, Charlie Moyer, Greg Johnson, Matt Higgins,
Jim Carr, Walt Kastner, Margaret Banks, Scott Ketchum, Jerry Anderson,
Dennis Creel, and Dean Stuck. In addition, | would like to express ap-
preciation to Tom Adams and Penny Wright for their help in acquainting
me with the bureaucratic side of cooperative organizations.

Finally, | would like to recognize longtime Coop Director Greg Filip,
who stepped down as director after being hired as the Region 6 Patholo-
gist with the PNW Research Station in Portland. Under his leadership, the
Coop has learned a great deal about SNC in a short period of time.

Dept of Forest Science

Oregon State University

Corvallis, OR 97331-5752

PH 541-737-8107

FAX 541-737-1393

EMAIL Doug.Mainwaring@orst.edu




HiGHLIGHTS

v

An aerial survey was conducted over 3 million acres in western
Oregon. A total of 177,000 acres of Douglas-fir had obvious symp-
toms of Swiss needle cast. In general, symptoms of Swiss needle cast
decreased in 2004 compared to 2003.

Research continues on 10 different projects in 2004 including: aerial
and ground survey, growth impact study, pre-commercial thinning,
sulfur application efficacy, fungal genetics, vegetation management
andfertilization, GIS-based fungal colonization modeling, and analysis
of two silvicultural trials.

Randy Johnson, Barb Gartner, Doug Maguire, and Alan Kanaskie
published their research in the journal Forest Ecology and Manage-
ment with the title “Influence of Bravo fungicide applications on
wood density and moisture content of Swiss needle cast affected
Douglas-fir trees.”

Zeina El-Hajj, Kathleen Kavanagh, Cathy Rose and Zahi Kanaan-
Atallah published their research in the journal New Phytologist with
the title “Nitrogen and carbon dynamics of a foliar biotrophic fungal
parasite in fertilized Douglas-fir.”

Rick Kelsey and Dan Manter published their research in the journal
Forest Ecology and Management with the title “Effect of Swiss needle
cast on Douglas-fir stem ethanol and monoterpene concentrations,
oleoresin flow, and host selection by the Douglas-fir beetle.”

Coop-funded research will be shared with the general public in a
one-day conference, to be held in Eugene on November 16, 2004.

PROJECTS ror 2005

Continue aerial survey to monitor SNC in Oregon.

Continue to monitor effect of aerial sulfur applications on SNC infec-
tion.

Continue to refine GIS-based modeling of fungal colonization and
Douglas-fir growth.

Analyze Starker potassium/manganese/oil treatments

Conductbranch-level foliage retention surveys of Growth impactand
PCT plots in acknowledgement of the decreasing confidence field
crews have of ground-based foliage retention measurements.



BackGROUND AND ORGANIZATION

A major and recent challenge to intensive management of Douglas-
fir in Oregon and Washington has been the current Swiss Needle Cast
(SNC) epidemic. Efforts to understand the epidemiology, symptoms, and
growth losses from SNC have highlighted gaps in our knowledge of basic
Douglas-fir physiology, growth, andsilviculture. The original mission of the
Swiss Needle Cast Cooperative (SNCC), formed in 1997, was broadened
in 2004 to include research aiming to ensure that Douglas-fir remains a
productive component of the Coast Range forests.

SNCCislocated in the Departmentof Forest Science within the College
of Forestry at Oregon State University. The Membership is comprised of
private, state, and federal organizations. Membership dues vary depending
on forestland ownership. One annual report, project reports, and newslet-
ters are distributed to members each year. All projects are carried out in
cooperation with specific members on their land holdings.

MissioN STATEMENT

To conductresearch on enhancing Douglas-fir productivity and forest
health in the presence of Swiss needle cast and other diseases in coastal
forests of Oregon and Washington.

OBJEcTIvVES

(1) Understand the epidemiology of Swiss needle cast and the basic
biology of the causal fungus, Phaeocryptopus gaeumannii.

(2) Design silvicultural treatments and regimes to maximize Douglas-fir
productivity and ameliorate disease problems in the Coast Range of
Oregon and Washington.

(3) Understandthe growth, structure, and morphology of Douglas-fir trees
and stands as a foundation for enhancing productivity and detecting
and combating various diseases of Douglas-fir in the Coast Range of
Oregon and Washington.



Swiss Neeoie Cast AeriaL Surveys, 1996 10 2004

Alan Kanaskie, Mike McWilliams, Keith Sprengel,
Dave Overhulser

SURVEY PROCEDURES

Aerial surveys for SNC have been conducted in April and May
each yearsince 1996. The observation plane flies at 1,500 to 2,000
feet above the terrain, following north-south lines separated by 2
miles. Observers look for areas of Douglas-fir forest with obvious
yellow to yellow-brown foliage, a symptom of moderate to severe
Swiss needle cast damage. Patches of forest with these symptoms
(patches are referred to as polygons) are sketched onto computer
touch screens displaying topographic maps or ortho-photos and
the position of the aircraft.

The area surveyed extends from the coastline eastward ap-
proximately 30 miles (or until symptoms are no longer visible),
and from the Columbia River south to Brookings. We survey ap-
proximately 2 to 3 million acres each year. We occasionally have
surveyed the Cascade Range, but the low damage levels do not
justify repeated surveys.

RESULTS AND DISCUSSION

The Coast Range survey began on May 6 and ended on May
17, 2004, and covered approximately 2.35 million acres of for-
est. In the 2004 survey we mapped 176,594 acres of Douglas-fir
forest with obvious symptoms of Swiss needle cast; 116,342 acres
north of the Lincoln-Lane county line, and 60,252 acres south of
the Lincoln-Lane county line. The easternmost area with obvious
SNC symptoms was approximately 25 miles inland from the coast.
Most of the areas with symptoms that can be detected from the
air occurred within 18 miles of the coast. Figures 1,2 and 3 show
the trend in damage from 1996 through 2004. The survey maps
for 1996 through 2004 appear in figures 4-12.

The 2003 and 2004 survey results suggest a trend of decreas-
ing area with symptoms of Swiss needle cast. The 2004 survey did
not extend inland quite as far as it had in previous surveys, and
it covered 650,000 fewer acres than it did in 2003 (the survey
extends inland only as far as observers can detect symptoms).
Ground-based observations within the survey area also suggest a
very slight improvement in the foliage color and retention in 2003
and 2004. Even though this trend might be encouraging, the survey
still shows an impressively large area with significant damage from
Swiss needle cast.



Figure 1. Trend in area of Douglas-fir for-
est in western Oregon with symptoms of
Swiss needle cast detected during aerial
surveys in April and May, 1996-2004.

Figure 2. Area of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during aerial surveys
in April and May, by zone, 1996-2004.

Figure 3. Area of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during aerial surveys
in April and May, by county group, 1996-
2004.
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We expect some year-to-year
variation in the survey due to
timing of the flights relative to the
development of SNC symptoms.
Because symptoms develop rap-
idly during April and May, later
surveys usually detect more areas
with symptoms than those con-
ducted earlier. The 2004 survey
was flown from May 6 to May 17,

Florence

Figure 4. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in April, 1996.

which was earlier than the 2003
survey (flown May 19 to May 28,
2003), butatthe approximate cen-
ter of our target survey period.
The 2004 survey was par-
ticularly challenging for observ-
ers. SNC symptoms were rather
late developing, and an early
bud-flush confounded observa-
tion. Cloudy conditions during

Astoria

Corvallis

Florence

Figure 5. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in April, 1997.

the narrow survey window also
made observation and mapping
unusually difficult. More than in
any other year, observers urged
caution in interpreting the aerial
survey results.

The aerial survey provides a
conservative estimate of damage
because observers can map only
those areas where disease symp-

Astoria

Corvallis ¢

Florence

Figure 6. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in April and May, 1998.



toms have developed enough to
be visible from the air. We know
(from permanent plot data and
ground checks) that Swiss needle
cast occurs throughout the survey
area, butdiscoloration often is not
pronounced enough to enable
aerial detection. The total amount
of forest affected by Swiss needle
cast is far greater than indicated

Astoria

Florence

Figure 7. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in April and May 1999.

by the aerial survey. The aerial
survey does, however, provide a
reasonable depiction of the extent
of moderate to severe damage,
coarsely documents trends in
damage overtime, and establishes
a zone in which forest manage-
ment should take into account
the effects of the disease.

Astoria

Corvallis

Florence !

Figure 8. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in April and May, 2000.

ACKNOWLEDGMENTS

The survey was conducted by
the Oregon Department of Forestry
Insect & Disease and Air Opera-
tions sections, and was funded
by the Oregon State University
Swiss Needle Cast Cooperative,
the USDA Forest Service Forest
Health Monitoring Program, and
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Figure 9. Areas of Douglas-fir forest in

western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in April and May, 2001.



the Oregon Department of For-
estry. Jim Baranek (ODF) piloted
the plane. Mike McWilliams
(ODF), Keith Sprengel (USFS), and
Dave Overhulser (ODF) were the
aerial observers.

Florence

Figure 10. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in May, 2002.

Note:

The GIS data and a pdf file for the SNC survey can be accessed

via the ODF web page at:

http://www.odf.state.or.us/fa/FH/maps.htm

Florence

Figure 11. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in May, 2003.

Astoria

Corvallis

Florence

Figure 12. Areas of Douglas-fir forest in
western Oregon with symptoms of Swiss
needle cast detected during an aerial
survey in May, 2004.
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Trenps IN Damace From Swiss Neeote Cast
IN PermaneNT Prots IN 10- 10 30-YEAR-OLD
DoucLas=FIR PLANTATIONS

Alan Kanaskie, ODF; Doug Maguire, OSU

BACKGROUND

The Permanent plot network was established in 1997 to
provide a basis for monitoring Swiss needle cast (SNC) damage
and for quantifying impacts of SNC on tree growth. This paper
describes the results of monitoring various indicators of SNC
damage. Growth impacts are discussed in a separate paper.

OBJECTIVES

The objectives of the study are: 1) to describe trends in
the severity of damage from Swiss needle cast in randomly
chosen 10-to 30-year-old Douglas-fir plantations in the Coast
Range of western Oregon; 2) to estimate the area (acres)
affected by SNC, and; 3) to ground-truth areas mapped by
aerial survey.

METHODS

In 1997, 77 Douglas-fir plantations in the northern Coast
Range of Oregon were randomly chosen for monitoring trends
in damage from Swiss needle cast. The target population was
all Douglas-fir plantations between 10 and 30 years total
age (1996 age) located within 18 miles of the coast, north
of Newport and south of Astoria. With much cooperation
from landowners, a list of plantations meeting these criteria
was assembled. Plantations were selected from this list with
probability proportional to size (area). The target population
included 4,504 plantations covering 187,545 acres. The
initial sample included 77 plantations covering 6,873 acres
(figure 1). One plantation was lost from the study in 1999
due to cutting.

Swiss needle cast damage was assessed in April and May
of each year since 1997. The 1997 assessments were based
on a sample of ten trees per stand (two trees at each of five
points along a transect). Beginning in 1998, assessments were
made on ten trees per stand located in the 1/5-acre permanent
growth monitoring plots (Phase Ill) located at point 5 of the
1997 transects. The same ten trees in each plot were assessed



each year beginning in 1998
unless mortality or breakage
necessitated substitution.

Stand Ratings

Stand ratings were designed
to provide a quick method of
estimating Swiss needle cast
severity by assessing average
stand condition during a brief
walk-through of the stand. All
ratings refer to the Douglas-fir
component of the stand in the
vicinity of the permanentplots.
Overall stand discoloration was
rated on a scale of 1 to 4 for
as follows: 1 = normal green
color, with Douglas-fir similar
in color to healthy hemlock; 2
= slight yellowing; 3 = moder-
ate yellowing, and; 4 = severe
yellowing and/or browning.

The Swiss needle cast severity
rating for the stand was described
accordingto the following 6-class
system (needle retention was as-
sessed on unshaded secondary
lateralsinthe upper middle crown,
usually near whorl 5 to 7 from the
tree top):

1 = Healthy, normal-appearing
Douglas-firstand.Typical of the
east-slope Coast Range stands
that are dark green, growing
normally, and with normal
needle retention (3.5 years or
more mid-crown). Douglas-fir
and hemlock of the same size
do not differ appreciably in
color. Swiss needle castmay be
present, but causing symptoms
only on 3 year-old and older
needles.

2 = Almost normal, but showing
slightyellowing. Needle reten-
tion normal (3.5 ormore years
present on most trees) Doug-
las-fir will appear slightly

more yellow than hemlock
orspruce. Crown still appears
full and dense. No reduction
in height growth increment.

3 = Yellowing obvious. Most trees
retaining 2.5 to 3 years of
needles. No obvious height
increment reduction.

4 = Yellowing obvious. Most trees
retaining 1.5 to 2 years of
needles. Reduction in height
growth increment by 25% of
normal for one or more of the
last three years will not be
obvious, but may occur on a
few trees.

5 = Very yellow stand. Most trees
retaining 1 to 1.5 years of
needles. Height growth incre-
ment is reduced by at least
25 percent of normal for one
or more of the last 3 years on
at least 50% of trees, but not
as much as described in “6”
below.

6 =Stand is extremely yellow
to yellow-brown, with very
sparse foliage. Most trees
retaining 1 year of needles or
less in upper crown. Obvious
height growth reduction for
4 or more years. These are
the most severely damaged
stands, typical of the Juno Hill,
Beaver, and Hebo areas.

Individual Tree Assessments
on Plots

Ten co-dominantor dominant
trees in each 1/5-acre permanent
plot were assessed for damage
from Swiss needle cast. Sample
trees were permanently tagged so
the same trees could be assessed
each year.

Needle Retention was esti-
mated for the middle of each third

of the live crown (upper, middle,
lower) by examining secondary
lateral branches and estimating the
average number of annual needle
compliments present (a secondary
lateral is a branch that originates
on the side of the main lateral
branch). Sample branches were
chosen to represent the average
condition in the part of the crown
being examined. The number of
annual needle compliments pres-
entfor each third of the live crown
was estimated to the nearest 0.1
year as follows:

0.5 = 50 % of one-year-old nee-
dles (1998) remain, all older
needles gone

1.0 = All one-year-old needles
remain, older needles gone

1.2 = One-year-old needles plus
20 % of two-year-old needles
remain

1.6 = One-year-old needles plus
60 % of two-year-old needles
remain

2.0= One- and two-year-old
needles remain, older needles
gone

2.5 =One- and two-year-old nee-
dles remain, plus 50% three
year old needles remain

3.0 = All one-, two-, and three-
year-old needles remain....

...and so on up to 6.0.

Whorl-5 needle retention was
estimated by examining branches
in the fifth whorl down (occasion-
ally the sixth or seventh whorl)
from the top of the tree. Needle
retention, i.e., percentage of the
full compliment of needles re-
maining on the branch at the time
of the assessment, was estimated
for each of the four most recent
internodes of shoot growth on
secondary laterals according to



the following “0 to 9” scale:

0 =0to 10 percent of full compli-
ment present;

1 =11 to 20 percent of full com-
pliment present;

2 =21 to 30 percent of full com-
pliment present;.....

9 =90 to 100 percent of full com-
pliment present.

Crown indicators

From 1998 to 2000 inclusive,
observers estimated the following
four indicators, based in part on
the US Forest Service Forest Health
Monitoring protocols: 1) crown
color - discoloration of the upper
1/2 to 1/3 of crown, near whorls 5
to 7 from the top, using the 1 to 4
scalepreviously describedforstand
color; 2) crown density - percent-
age of sunlightbeing blocked by all
parts of the crown, in 5% classes;

. Astoria
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Figure 1. Location of 76 permanent plots
for monitoring Swiss needle cast and tree
growth in 10- to 30-year-old Douglas-fir
plantations, Coast Range, Oregon.

3) foliage transparency - percent-
age of sunlight being transmitted
through the foliage, in 5% classes;
4) crown dieback - percentage of
thetotal crown area thathas branch
dieback, in 5% classes. For the
2001 and subsequent assessments,
crown density and transparency
variables were dropped because
they had not proven useful in previ-
ous analyses.

REesurts AND DiscussiON

The mean SNC stand rating (1
to 6 scale) increased gradually by
nearly one rating class between
1997 and 2004 (figure 2). This
trend suggests a general increase
in SNC damage over the period
based on subjective overview
ratings. Although the SNC rating
for 2004 was not significantly dif-
ferentfromthe 2001-2003 ratings,
the ratings for the most recentfour
years were significantly greater
than in the first four years.

In contrast, the mean stand
discoloration rating did not dif-

4.5

fer consistently during the same
period, but suggested a trend of
slightly improving (greener) stand
color between 1997 and 2001,
then a worsening (more yellow)
during the 2002-2004 period
(figure 3). One explanation for
the discrepancy between these
two stand ratings is that the SNC
rating incorporates needle reten-
tion, height growth increment,
and color into the rating. A stand
that is very yellow but with good
needle retention could lead to
different relative ratings on each
scale. The stand color rating was
originally conceived as a link to
aerial survey and remote sensing
applications. In practice, the stand
discoloration rating has proven
very difficult to determine with
consistency because of the influ-
ence of sunlight, cloud cover, and
observer subjectivity.

The SNC rating (1-6) is the pre-
ferred method for overview rating
of stands because it incorporates
many indicators of Swiss needle
cast damage. This rating system,
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Figure 2. Mean SNC Stand Rating for 76 permanent plots in 10- to 30-year old (1996
age) Douglas-fir plantations. Swiss needle cast severity rating ranges from 1 (no dam-
age) to 6 (most severe damage). Means with same letter within a data series are not
significantly different (analysis of variance, Fisher’s LSD, a=.05).



however, often is not consistent
withfoliage retentionratings, largely
because the SNC rating tends to
focus on the condition of the upper
crown, whichistheonly partvisible
from outside of the stand. The SNC
rating is useful as a quick method
for determining relative damage
for a large number of stands, but
should not be used as a substitute
for measuring foliage retention or
growth reductions from a sample
of trees in the stand.

Mean foliage retention (whole
crown) for all plots has changed
very little between 1998 and 2004.
Although some differences among
years were significant (Analysis of
variance, .05 significance level),
they were very small (figure 4).

Analysisby crownthirds consis-
tently has shown that mean foliage
retention is lowestinthe upper third
of the tree crown and greatest in
the lower third of the tree crown.
Mean foliage retention in the upper
and middle crown differed very
little from 1998 to 2004 (Figure 5).
The decrease in upper third foliage
retention from 1998 to 1999 prob-
ably reflects the interaction of Swiss
needle cast with the high frequency
of severe windstorms and a period
of very cold weather that occurred
duringthewinterof 1998-1999.The
slight improvement in lower-third
needle retention in recent years
could be due to recent relatively
mild winters, as well as increasing
tree size and subsequent crown
sheltering, both of which could
reduce foliage loss.

Meanfoliage retention foreach
permanent plot in 1998 and 2004
appears in figure 6. Mean foliage
retention (whole crown) differed
significantly (analysis of variance,
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Figure 3. Mean SNC Stand Discoloration Rating for 76 permanent plots in 10- to 30-
year old (1996 age) Douglas-fir plantations. Discoloration rating ranges from 1 (dark
green) to 6 (extremely yellow). Means with same letter within a data series are not
significantly different (analysis of variance, Fisher’s LSD, a=.05).
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Figure 4. Mean foliage retention (entire crown) for 76 permanent plots in 10- to 30-
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3.5
A

n A— T
s A/ A A
Sas A | —
-  ——V— M ] \
& ;/v v\m/
S 20
8 *
u—c_, ‘/0\ / e 2 4
c 15 ’/‘\0 @ Upper
g B Middle
= A Lower

1.0 V¥ Mean

1997 1998 1999 2000 2001 2002 2003 2004
Year

Figure 5. Mean foliage retention for 76 permanent plots in 10- to 30-year-old (1996
age) Douglas-fir plantations, by crown thirds.



paired t-tests, a=.05) between 1998 and 2004
on 22 (29 percent) of the plots. During this
period, mean needle retention increased on
16 of the plots, and decreased on 6 of the plots
(figure 7). We chose 1998 as the reference year
rather than 1997 because the 1997 data was
from transect trees, while all subsequent data
were from permanent plot trees, with the same
trees being measured each year. The largestim-
provementin needle retentionforanindividual
stand during this period was 1.0 annual needle
compliments; the largest decrease in retention
was 0.77 annual needle compliments. We
did not observe any geographic pattern to the
changes in needle retention.

Mean needle retention ratings were ex-
panded to estimate the number of acres in
each needle retention class for the 187,545-
acre population. Since 1997, there has been
ageneral increase in the estimated number of
acres with needle retention of greater than 2
annual compliments, and a general decrease
in estimated acres with 2 or fewer annual
compliments (figure 8).

CONCLUSIONS

Based primarily on needle retention rat-
ings, these results show a slight decrease in
the severity of damage from Swiss needle
cast since 1997. This slight improvement in
stand condition and the lack of a consistent
trend of worsening damage is encouraging,
but the overall poor needle retention in the
sample population suggests a continuing
severe growth reduction from Swiss needle
cast.
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TRenDs IN Swiss Needee Cast DamaGE IN
THINNED AND UN-THINNNED DoucLas-FIR PuanTa
TIONS WITH VARYING INTENSITY OF Swiss NEeLE
Cast IN THE CoasT RANGE OF OREGON

Alan Kanaskie, Oregon Department of Forestry; and Doug Ma-
guire, Department of Forest Resources, Oregon State University

BACKGROUND

Many young Douglas-fir plantations in coastal Oregon exhibit
extreme symptoms of Swiss needle cast, and these symptoms are
associated with reduction in tree growth. Observations suggest
that thinning stands with severe Swiss needle cast may increase
foliage loss and discoloration, and exacerbate thinning shock.
Other observations indicate that early thinning to maintain deep
crowns may mitigate some of the growth loss attributed to Swiss
needle cast. The response of stands to pre-commercial thinning is
expected to vary according to the initial severity of Swiss needle
cast at time of thinning.

OBJECTIVES

The objectives of the study are: 1) to monitor Swiss needle
cast symptoms on permanent plots and the effect of the disease on
the growth of individual trees; 2) to measure changes in severity
of damage from SNC and associated tree growth responses over
time, and; 3) to measure differences in disease severity and tree
growth between thinned and un-thinned plots. This reports focuses
on trends in the various indices of disease severity between 1998
and 2004. Tree growth responses to pre-commercial thinning and
Swiss needle cast appear in a separate report.

METHODS

In April and May of 1998, twenty-three paired 0.2 acre square
plots were installed in 10- to 16-year-old Douglas-fir plantations
(1997 age) in northwest Oregon. Plot locations were selected
across a range of Swiss needle cast severity classes and distributed
across different topographic aspects (figure 1). One plot in each
pair was precommercially thinned to approximately 200 trees per
acre in May 1998 (because of initial stocking levels, at two sites the
target residual was 100 trees per acre). At five of the 23 locations,
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Figure 1. Location of 23 permanent plot
sets to monitor disease symptoms and
evaluate growth response to pre-com-
mercial thinning in Douglas-fir plantations
with varying intensity of Swiss needle cast
in the Coast range of Oregon.

an additional plot was thinned to
approximately 100 trees per acre.
During thinning, tree spacing was
given priority over tree quality. Al
crop trees were measured for dbh,
total height, and height to crown.
Swiss needle cast severity (needle
retention and discoloration) was
assessed annually during April and
May eachyearsinceplotestablish-
ment. Growth measurements are
taken every two years.

Stand Ratings

Standratings were designed to
provide a quick method of estimat-
ing Swiss needle cast severity by
assessing average stand condition
during a brief walk-through of the
stand. All ratings refer to the Doug-
las-fir component of the stand in
the vicinity of the permanentplots.
Overall stand discoloration was
rated on a scale of 1 to 4 for as
follows: 1 = normal green color,
with Douglas-fir similar in color
to healthy hemlock; 2 = slight yel-
lowing; 3 = moderate yellowing,
and; 4 = severe yellowing and/or
browning.

The Swiss needle cast severity
rating for the stand was described
accordingtothe following 6-class
system (needle retention was as-
sessed on un-shaded secondary
lateralsin the upper middle crown,
usually near whorl 5 to 7 from the
tree top):

1 = Healthy, normal-appearing
Douglas-fir stand. Typical of
the east-slope Coast Range
stands that are dark green,
growing normally, and with
normal needle retention (3.5
years or more mid-crown).
Douglas-fir and hemlock of
the same size do not differ
appreciably in color. Swiss
needle cast may be pres-
ent, but causing symptoms
only on 3 year-old and older
needles.

2= Almost normal, but showing
slightyellowing. Needle reten-
tion normal (3.5 ormore years
present on most trees) Doug-
las-fir will appear slightly
more yellow than hemlock
orspruce. Crownsstill appears
full and dense. No reduction
in height growth increment.

3= Yellowing obvious. Most trees
retaining 2.5 to 3 years of
needles. No obvious height
increment reduction.

Yellowing obvious. Most trees
retaining 1.5 to 2 years of
needles. Reduction in height
growth increment by 25% of
normal for one or more of the
last three years will not be
obvious, but may occur on a
few trees.

5 = Very yellow stand. Most trees
retaining 1 to 1.5 years of
needles. Height growth incre-
ment is reduced by at least
25 percent of normal for one
or more of the last 3 years on
at least 50% of trees, but not
as much as described in “6”
below.

6= Stand is extremely yellow
to yellow-brown, with very
sparse foliage. Most trees
retaining 1 year of needles or
less in upper crown. Obvious
height growth reduction for
4 or more years. These are
the most severely damaged
stands, typical of the Juno Hill,
Beaver, and Hebo areas.

Individual tree Assessments
on plots

Ten co-dominantor dominant
trees in each 1/5-acre permanent
plot were assessed for damage
from Swiss needle cast. Sample
trees were permanently tagged so
the same trees could be assessed
each year.

Needle Retention was esti-
mated for the middle of each third
of the live crown (upper, middle,
lower) by examining secondary
lateral branches and estimating the



average number of annual needle
compliments present (a secondary
lateral is a branch that originates
on the side of the main lateral
branch). Sample branches were
chosen to represent the average
condition in the part of the crown
being examined. The number of
annual needle compliments pres-
entfor each third of the live crown
was estimated to the nearest 0.1
year as follows:
0.5 =50 % of one-year-old needles
(1998) remain, all older
needles gone

1.0 = All one-year-old needles
remain, older needles gone

1.2 = One-year-old needles plus
20 % of two-year-old needles
remain

1.6 = One-year-old needles plus
60 % of two-year-old needles
remain

2.0= One- and two-year-old
needles remain, older needles
gone

2.5 = One- and two-year-old
needlesremain, plus50%three
year old needles remain

3.0 = All one-, two-, and three-
year-old needles remain....

...and so on up to 6.0.

Whorl-5 needle retention was
estimated by examining branches
in the fifth whorl down (occasion-
ally the sixth or seventh whorl)
from the top of the tree. Needle
retention, i.e., percentage of the
full compliment of needles re-
maining on the branch at the time
of the assessment, was estimated
for each of the four most recent
internodes of shoot growth on
secondary laterals according to
the following “0 to 9” scale:

0 =0to 10 percent of full compli-
ment present;

1 =11 to 20 percent of full com-
pliment present;

2 =21 to 30 percent of full com-
pliment present;.....

9 =90to 100 percent of full com-
pliment present.

Crown indicators

From 1998 to 2000 inclusive,
observers estimated the following
four indicators, based in part on
the US Forest Service Forest Health
Monitoring protocols: 1) crown
color - discoloration of the upper
1/2 to 1/3 of crown, near whorls
5 to 7 from the top, using the 1
to 4 scale previously described
for stand color; 2) crown density
- percentage of sunlight being
blocked by all parts of the crown,
in 5% classes; 3) foliage transpar-
ency -percentage of sunlightbeing
transmitted through the foliage,
in 5% classes; 4) crown dieback
- percentage of the total crown
area that has branch dieback,

4.0

in 5% classes. For the 2001 and
subsequent assessments, crown
density andtransparency variables
were dropped because they had
not proven useful in previous
analyses.

REesurts AND DISCUSSION

There was nosignificantdiffer-
ence in stand Swiss Needle Cast
severity or discoloration ratings
among years or between thinning
treatments. A trend of improving
stand condition in the thinned
plots is suggested by the increasing
differencein stand ratings between
thinned and un-thinned plots in
2002 and 2003 (figure 2).

Six growing seasons after thin-
ning, mean needle retention did
not differ significantly between
thinned and unthinned plots
(analysis of variance, Fisher’s LSD,
0=05). Mean needle retention
also did not differ significantly
among the six annual measure-
ment periods for any of the treat-
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Figure 2. Swiss Needle Cast Stand Severity Rating for paired thinned and unthinned

plots in Douglas-fir plantations affected by Swiss needle cast in the Coast Range of
northwest Oregon, 1998 to 2003. Plots were thinned in May 1998. The SNC severity
rating did not differ significantly (analysis of variance, a=.05) between thinned and

unthinned plots, or among years.



ments (analysis of variance, .05
significance level) (figure 3). A
trend of greater foliage retention
in thinned plots compared to

un-thinned plots appeared since
2002.This trend was most evident
in the lower and middle thirds of
the crown (figures 4,5,6,and 7).
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Figure 3. Mean needle retention (whole-crown) in paired thinned and unthinned plots in Doug-
las-fir plantations affected by Swiss needle cast in the Coast Range of northwest Oregon, 1998 to
2003. Plots were thinned in May 1998. Mean needle retention did not differ significantly (analy-
sis of variance, 0=.05) between thinned and unthinned plots, or among years.
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Figure 4. Mean needle retention from 1998 to 2004 in upper third of crown in thinned
and un-thinnned plots. Plots were thinned in May 1998.
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Figure 5 Mean needle retention from 1998 to 2004 in middle third of crown in thinned
and un-thinnned plots. Plots were thinned in May 1998.

Analysis of data from each in-
stallation separately revealed that
mean needle retention in 2004
differed significantly between
thinned and unthinned plots at 7
of the 23 sites (at the 3-treatment
sites, the 200 tpa plots were used
for this analysis). At six of these
sites (APT4, APT5,APT6, Devitt,
Simpson0702, and Steinberg),
trees in the thinned plots had
greater needle retention than trees
in the unthinned plots. At the
other site (Powerline - Tillamook
County), mean needle retention
of trees in the unthinned plot
was greater than needle retention
trees in the thinned plot (analy-
sis of variance, .05 significance
level)(figures 8 and 9).

Five of the sites received two
levels of thinning; 100(T100) and
200 (T200) residual trees per acre.
A comparison of mean mid-crown
needle retention among treat-
ments at these sites six growing
seasons after thinning showed
significantdifferences among thin-
ning treatments at three of the five
sites (figure 10). Attwossites, APT5
and APT6, mean needle retention
was greater in the thinned plots
than the unthinned plots, but did
not differ between the T100 and
T200 treatments. At the other site
(Devitt), mean needle retention
in the T200 plot was significantly
greater than in the T100 plot and
the unthinned plot.

Some observers have sug-
gested that Douglas-fir plantations
with severe Swiss needle cast and
poor needle retention will experi-
ence more needle loss following
precommercial thinning than
unthinned plantations. Analysis
of the six stands with the lowest
needle retention at the time of
thinning and the six stands with
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Figure 6. Mean needle retention from 1998 to 2004 in lower third of crown in thinned
and un-thinnned plots. Plots were thinned in May 1998.
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Figure 7. Mean needle retention from 1998 to 2004 averaged across all crown thirds in
thinned and un-thinnned plots. Plots were thinned in May 1998.
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Figure 8. Mean difference in needle retention in 2004 (six years after thinning) for 23
paired thinned and un-thinned plots of Douglas-fir affected by Swiss needle cast in the

Coast Range of northwest Oregon. Plots ordered by needle retention in the un-thinned plot.

the greatest needle retention at
the time of thinning showed little
difference inthe effects of thinning
on needle retention six growing
seasons after thinning. Needle
retention was significantly lower
in the thinned plot at only one of
the six sites with the poorest initial
needle retention (Figure 11), and
at none of the six sites with the
highest initial needle retention
(Figure 12).

Needle retention is not the
only measure of the effects of
thinning on tree damaged by Swiss
needle cast. A small amount of
treefall, top breakage, and branch
dieback occurred at low levels in
a few of the thinned plots, but not
in the unthinned plots, and espe-
cially in plantations with the most
severe Swiss needle cast.

A trend is developing for im-
proved needleretentioninthinned
plots. The expected high loss of
foliage following precommercial
thinning of stands damaged by
Swiss needle casthas notoccurred
six growingseasons after thinning.
Even sites with severe disease
(such as Juno Hill and Beaver)
showed little difference in mean
needle retention between thinned
and unthinned plots. Needle
retention ratings, although cor-
related with tree volume growth,
likely do not capture the entire the
impact of the Swiss needle cast
on tree growth. Retention ratings
do not account for shoot length,
needle size and quality, crown
length, or the absolute amount of
foliage present, all of which vary
considerably in stands affected by
Swiss needle cast. A differential
tree growth response to thinning
across a range of Swiss needle
cast damage still is quite possible,
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Figure 10. Mean needle retention (middle crown third) in 2004 (six years after thin-
ning) for sites with three treatments (not thinned; T100 = 100 trees per acre after thin-
ning; T200 = 200 trees per acre after thinning). Means within a site with the same letter
are not significantly different (Analysis of variance, Fisher’s LSD, a=.05).

despite the inconclusive needle
retention results.

The stands in this study were
approximately 12 to 16 years old
atthetimeofthinning. Trees of this
age typically have deep crowns
andare growing vigorously. Older
overstocked stands with relatively
low crown ratios could respond
quite differently to thinning than
the stands in this study.

CONCLUSIONS

These results suggest that
precommercial thinning does
not have an obvious detrimental
effect on Douglas-fir plantations
affected by Swiss needle cast in
the Coastrange of Oregon. Infact,
the data through 2004 suggest
a slight improvement in needle
retention in the thinned plots. We
conclude that pre-commercial
thinning remains a viable stand
management tool in the Coast
range in all but the most severely
damaged stands.
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GrowtH Impact Stupy: GrowTH TRENDS
TuriNG THE THIRD 2-YR Periob FoLLowinG
EstaBLISHMENT OF PERMANENT PLots

Doug Maguire, OSU, Alan Kanaskie, ODF, and
Doug Mainwaring, OSU

ABSTRACT

Permanent plots in the Growth Impact Study have been re-
measured for a third 2-yr growth period. Needle retention was
measured on an annual basis from 1997 through 2004, allowing
the ratings from 2002 to serve as the initial condition for the 2002-
2003 growing seasons. Cubic volume growth of plots with severe
Swiss needle cast (SNC) was compared to volume growth of plots
with the highest foliage retention (3.9 years), suggesting relative
growth losses up to 30% for 2002-2003 (minimum foliage reten-
tion of 1.6 years), and average loss of 14% (mean retention of 2.5
years). Although SNC symptom severity had previously fluctuated
between 1997 and 2002, the difference in relative growth rate be-
tween sites with the highest and lowest foliage retention remained
consistent for that 4-yr period. In contrast, growth losses appeared
considerably lower for the 2002-2003 growing seasons. Cumula-
tive effects on apparent site index may be lowering expectations,
but this effect cannot be strong because site index continues to be
a very weak variable in the regression analyses.

INTRODUCTION

The Growth Impact Study (GIS) was initiated in 1997 to ad-
dress two major objectives: 1) to monitor Swiss needle cast (SNC)
symptoms and tree growth in 10-30-yr-old Douglas-fir plantations
in north coastal Oregon; and 2) to provide an improved estimate
of growth losses associated with a given initial level of SNC.
Retrospective work conducted in the spring of 1997 established
growth losses across a range in SNC severity (Maguire et al. 1998,
2002). Volume growth losses were estimated to average 23% for
the target population in 1996, with losses reaching almost 50%
in the most severely impacted stands. Total losses in 1996 alone
were therefore about 40 MMBEF, given that the target population
covers approximately 187,000 ac. Permanent plots established in
the spring of 1998 and remeasured in 2000 and 2002 confirmed
these growth losses. Although SNC symptoms fluctuated from 1997
through 2001, the relationship between needle retention and rela-
tive growth losses remained surprisingly stable. The most recent
remeasurementwas completed in the spring of 2004. The objectives



of this report were: 1) to quantify
the most recent 2-yr growth re-
sponses relative to initial (2002)
SNC severity; and 2) to compare
these 2-yr growth responses to
those estimated retrospectively for
1996 and on permanent plots for
1998-99 and 2000-2001.

METHODS

In the late winter/early spring
of 1998, a network of 76 perma-
nent plots was established at loca-
tions previously sampledin Phases
land Il (retrospective phase) of the
Growth Impact Study. The plots
were square and 0.08-ha (1/5-ac)
inarea (31.8 x31.8 m). Each plot
was centered on the 5th point of
the ODF transect established in
Spring 1997 (Phase | plots were
centered on the 3rd point). On
each measurement plot, all trees
were tagged at breast height and
measured for dbh (nearest 0.1
cm). A subsample of at least 40
Douglas-fir was measured for total
height and height to crown base
(nearest 0.1 m). After 2, 4 and 6
growing seasons, all trees were
remeasured for dbh, and all trees
fromthe original heightsubsample
were remeasured for total height
and height to lowest live branch.
Trees on each plot were also
scored for SNC at time of plot
establishment in 1998 and just
prior to bud break each year from
1999 through 2002.Ten dominant
or codominanttrees per plot were
rated for SNC by dividing the
crown vertically into thirds, and
estimating the average number of
years of foliage retention in each
third by visual examination (near-
est 0.1 year). Plot ratings were
computed as the average of crown
thirds from all ten trees.

STATISTICAL ANALYSIS

In growth analyses of the first through third 2-yr periods, all varia-
tion in initial needle retention (1998, 2000, and 2002) was assumed
totally controlled by SNC. Individual tree values were averaged for
the 10 sample trees on each plot to arrive at a plot average (FOLRET,,,
FOLRET,,, and FOLRET ,). A simple growth model was fitted to the
data from the 74 GIS plots remaining after 2004, using initial foliage
retention as the index of SNC severity:

In[PAI] = by +b X, +bX,+...+ bX +b_FOLRET 1]

where PAl=plot-level periodic annual increment for cubic volume
of Douglas-fir, X =plot-level predictor variables, FOLRET is FOLRET,
FOLRET,,, or FOLRET,,.

00/

REesuLts AND DiIScussION

For the most recent growth period (2002-2003), approximately
90% of the variation in cubic volume PAI was explained by the fol-
lowing model:

In[PAI] = -0.61477 +0.80809 In(BA,,) - 0.01413 comba +
0.36315 In(FOLRET ) -0.02422 (bhage) + 0.28684 In(SI) 2]
where PAI = plot-level periodic annual cubic volume

growth of Douglas-fir for 2002-2003(m?/

ha)

BA = initial Douglas-fir basal area (m?ha’ in
2002)

comba = initial plotbasal area of all species except
Douglas-fir (m?ha™ in 2002)

FOLRET,, = initial (2000) average foliage retention for
plot (yrs)

bhage = breast height age in 2002 (yrs)

S = Bruce’s(1981)siteindexbased onintial (2002)

conditions (m at 50 yrs)

All variables were highly significant (p<0.003), except for Sl
(p=0.11). Asexpected, Douglas-fir growing stock was the major predic-
tor, and alone it accounted for approximately 74% of the Douglas-fir
volume growth; however, growth of the plots also increased as foli-
age retention increased (Fig. 1). Assuming the healthiest stands were
represented by the greatest value of FOLRET , (3.9 yrs), the model
implies volume growth losses up to 30% (Fig. 2). The most severely
impacted plot had FOLRET , of 1.6. With Douglas-fir basal area set to
the population average of 100 ft*/ac (23 m?/ha) and average site index
of 130 ft (42 m) at 50 yrs, this condition implies an average growth
rate of 190 ft¥/ac/yr (13.3 m3/ha/yr) vs. an expected of 260 ft*/ac/yr
(18.2 m*/ha/yr) under optimal levels of FOLRET,. The inferred cubic
volume growth loss for stands experiencing the most severe SNC is
therefore approximately 30%, with a population average of 14%
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GrowTH REsPONSES T0 PRE-COMMERCIAL
THINNING UNDER DirreriNG LeveLs oF INimiaL
Swiss Neepte Cast Severmy IN NorTH CoasTaL
OrecoN

Doug Maguire, OSU, Alan Kanaskie, ODF, and
Doug Mainwaring, OSU

ABSTRACT

A study of pre-commercial thinning was established in 1998 to
test growth performance under differing initial severities of Swiss
needle cast. Plots have now been through their third 2-yr growth
period. During this third period, significant block and thinning
effects were observed. Even after accounting for initial basal area
of Douglas-fir in an analysis of covariance, the thinning effect
remained significant, but the effect was positive 200 residual tpa
and strongly negative for 100 residual tpa. Block or site effects
eliminated foliage retention as a significant factor, but replacing
block effects with foliage retention produced similar results, sug-
gesting that foliage retention represents a major portion of the block
effect. Growth responses for the 2002-03 growth period indicate
that stand growth accelerates after thinning to 200 tpa, but that
thinning to 100 tpa may cause a decline in growth for a given level
of residual basal area.

INTRODUCTION

Concern remains about the possible exacerbating effects of
thinning on Swiss needle cast (SNC) and corresponding effects on
growth responses. On one hand, reductions in stand density may
maintain growth and vigor of residual trees and stands, but on the
other hand is anecdotal evidence that thinning does not eliminate
or ameliorate the disease but rather weaken the trees further. In
some areas, commercially thinned stands with few SNC symptoms
have been clearcut several years after thinning due to their appar-
ently rapid decline and intensification of SNC. Similarly, the lack of
thinning response in stands with moderate SNC raises the question
as to whether stand management objectives normally attainable
by thinning can be met under moderate or severe SNC. If thinning
does adversely impact tree condition and growth due to intensi-
fication of SNC, then alternative strategies must be explored. The
objectives of the ongoing pre-commercial thinning study are: 1) to
test whether thinning in pre-commercial stands leads to intensifi-
cation of SNC symptoms, particularly foliage retention; and 2) to
test whether thinning in pre-commercial stands with a given initial



intensity of SNC leads to growth
rates below those that would be
expected under the reduced stand
density. This report addresses the
second objective.

METHODS

In the late winter/early spring
of 1998, 22 sets of plots were es-
tablished across a range in initial
Swiss needle cast (SNC) severity.
Most of these sets contained a
pair of plots, one thinned to 200
tpa and the other a control, but
some included a third plot that
allowedtesting of 100 residual tpa.
The original thinning prescription
calledforleaving200tpa (494 tph),
but because stand densities were
already low on two installations,
the target residual was lowered to
100 tph (247 tph). The third plot
was established on 5 installations.
All control plotsand 200-tpa plots
were square and covered 0.08-ha
(1/5-ac; 31.8x31.8 m), except for
the two installations on which the
thinned plot was reduced to 100
tpa. The control plots matching the
latter two 100-tpa plots, as well
as all 7 plots thinned to 100 tph,
encompassed an area of 0.16-ha
(2/5-ac). On each measurement
plot, all trees were tagged and
measured for diameter at breast
height. At least 40 Douglas-fir
trees on each plot were also mea-
sured for total height and height
to crown base. The treated plots
were thinned before the growing
season started in 1998. After 2, 4
and 6 growing seasons (after the
1998-99, 2000-01, and 2002-
2003 growth periods), all trees
were remeasured for dbh, and
all trees from the original height
subsample were remeasured for
total height and height to crown

base. Where necessary, replacement trees for the height subsample
were substituted with another tree of the same diameter. Ten dominant
or codominant trees on each plot were also scored for SNC at time
of plot establishment in 1998 and during annual visits in the spring
(1999-2004).

Factors influencing growth responses in 2002-03 were investigated
in three ways: 1) as a randomized block experiment with plot pairs
treated as blocks and plots classified as thinned or controls (similar
to a paired t-test); 2) as a multiple regression problem with a large
number of potential predictors such as initial stand density, thinning
intensity, and initial SNC severity; and 3) a randomized block experi-
ment with a large number of potential covariates (analyzed with a
multiple regression model).

REesuits AND DiscussION

A large portion of plot-to-plot variation in Douglas-fir volume
growth (80%) was accounted for by block effects, which would in-
clude a wide array of factors such as site index, soil type, initial stand
density, Swiss needle cast severity, and many others. As a result, much
of the block effect could alternatively be explained directly by specific
covariates. Initial Douglas-fir basal area (in the year 2002) was also a
fairly strong predictor, alone accounting for 35% of the variability in
volume growth. When analyzed as a randomized block experiment
with no covariates, both block and treatment effects were significant
(p<0.001).Thetreatment (thinning) effect was also significant (p<0.001)
after correcting for initial Douglas-fir basal area in an analysis of co-
variance, and with this covariate in the model, thinning to 100 tpa
had a very significant negative effect (p<0.001) and thinning to 200
tpa had a marginal positive effect (p=0.07) on Douglas-fir increment.
Needle retention did not explain any significant amount of additional
variation in the following model:

In[PAI] = BLOCK + 0.43350 In(BA ) -0.39020 PCT,  +0.14056 PCT,,,  [1]

where PAI = plot-level periodic annual cubic volume
growth of Douglas-firfor2002-2003 (m?/

ha)

BLOCK = setof indicator variables and associated
parameter estimates representing the
block effect

BA,, = Iinitial Douglas-fir basal area (m*ha™ in
2002)

PCT,,, = 1 if plot was thinned to 100 tpa; O oth-
erwise

PCT,,, = 1 ifplotwas thinned to 200 tpa; O oth-
erwise

This model explained 95% of the variation in the logarithm of
cubic volume increment. Because retention within a pair or triplet of
plots tended to be similar, the block effects were largely accounting



for differences in foliage retention. When block effects were removed,
foliage retention was very significant (p<0.0001), but the model ex-
plained 14% less variation than the models with block effects:

In[PAI] = -0.40693 + 0.80965 In(BA_) + -0.32964 PCT,  +
0.31475 PCT,, + 0.68182 In(FOLRET,) 2]

where FOLRET, = initial (2002) average foliage retention
for plot (yrs)and other variables are
defined above

All variables were statistically significant (all p<0.003), and 81%
of the variation in the logarithm of Douglas-fir volume growth was
explained by the model. Foliage retention in 2002 ranged from 1.2 to
5.0 yrs, suggesting that plots with the most severe SNC were growing
only 38% of the volume that plots with the greatest needle retention
were growing (Fig. 1). At a given level of Douglas-fir basal area and
needle retention, plots thinned to 200 tpa were growing about 37%
more than the unthinned plots, and plots thinned to 100 tpa were
growing 39% less. These results suggest that thinning to moderate
stocking (200 tpa) will stimulate growth of the residual trees even
under severe SNC, but that thinning to lower residual stocking (100
tpa) may lead to growth decline.
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Figure 1. Periodic annual increment as a function of residual Douglas-fir stocking foliage
retention level, and residual tpa after thinning (trends estimated from model [2]).



INFLUENCE OF STAND DEVELOPMENT AND INTENSIVE
Sitvicutture oN CROWN SPARSENESS

Aaron Weiskittel and Doug Maguire, OSU

INTRODUCTION

The ratio of live crown length to sapwood area (CLSA) is an ef-
fective index of crown sparseness. It is correlated with needle loss
caused by Swiss needle cast (SNC) and is much easier to measure
directly than years of foliage retention (Maguire and Kanaskie 2002).
In addition to SNC, the index is related to tree social position in the
stand (Maguire and Kanaskie 2002), but relatively little is known
how the index changes through time and and how it is influenced
by silvicultural treatments. This analysis examines changes in CLSA
through time and in response to treatments such as fertilization,
vegetation management, and thinning.

METHODS

Study area

Data were collected from four studies, namely studies on pre-
commercial thinning (PCT), SNC growth impact (GIS), vegetation
management (VMRC), and thinning plus fertilization (SMC). The
PCT and GIS studies have previously been described by Maguire
et al. (2003a,b).

The VMRC study was implemented by the Vegetation Manage-
ment Research Cooperative and consists of two separate installa-
tions, one in the mid-Coast Range and the other in the foothills
of the Cascades. The study is designed to test the influence of dif-
fering levels (4-100 ft> of complete vegetation control) and types
(complete removal of only herbaceous vegetation and complete
removal of only woody vegetation) of vegetation management on
Douglas-fir growth and development.

The SMC study made use of of several Stand Management Co-
operative installations throughout the Pacific Northwest designed
to test the influence of varying silvilcultural treatments on Doug-
las-fir growth and development. Four SMC installations were used
in this analysis, namely Toledo (Oregon coastal), Copper Creek
(Washington Cascades), Lewisburg Saddle (Willamette Valley),
and Roaring River (Oregon Cascade foothills). Treatments types
examined included control, fertilization, fertilization + thinning,
and repeated thinning.
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Data collection and analysis

Inthe GIS and PCT studies, ten
trees in each 0.08-ha plot were
cored for sapwood thickness in
both 1998 and 2004. Three to four
treesonthe 0.04-and 0.4-haplots
for the VMRC and SMC studies,
respectively, were also cored for
sapwood thickness in 2004. Two
cores were taken at breast height
on each tree and were perpen-
dicular to plot slope. Finally, tree
diameter, total height, and height
to crown base were measured.

Multiple linear regression
models were constructed for each
dataset to test the influence of
time and various treatments on
the change in crown sparseness
index.

REsuLts

PCT plots

Mean 6-yr change in CLSA
on the PCT plots was 2.91 + 2.54
(Figure 1). This change was related
to tree diameter at breast height

Table 1. Attributes of the sample trees used in this analysis.

Variable Mean STD Min Max
PCT (n=430)
DBHos4 (cm) 255 5.6 1.7 45.3
HTos (M) 16.35 5.64 8.94 2418
HCBo4 (m) 3.56 2.51 0.10 10.11
CLSAgg (cm2/cm) 2.96 0.94 1.02 717
CLSAq4 (cm2/cm) 5.88 2.99 1.66 23.52
ACLSA (cm2/cm) 2.91 2.54 -0.31 17.81
AGEszH 14.82 2.15 9.6 19.5
RETes 2.49 0.53 1.10 3.40
RETo4 2.89 0.84 1.28 4.60
ARET 0.40 0.48 -1.07 1.35
GIS (n=618)
DBHo4 (cm) 29.9 7.9 7.8 57.3
HTo4 (M) 19.27 4.66 4.87 36.63
HCBo4 (M) 6.18 343 0.01 19.69
CLSAgg (cm2/cm) 5.96 2.39 1.54 17.91
CLSAq4 (cm2/cm) 5.71 2.60 1.67 21.37
ACLSA (cm?/cm) -0.24 2.15 -13.11 9.61
AGEsH 20.64 4.99 11.91 34.92
RETes 2.32 0.34 1.07 3.07
RETo4 2.41 0.46 147 3.60
ARET 0.08 0.35 -0.82 1.01
VMRC (n=30)
DBHos (cm) 14.8 29 9.8 212
HTo4 (M) 10.55 1.62 7.46 14.67
HCBo4 (M) 0.85 0.62 0.10 2.34
CLSAq4 (cm2/cm) 4.67 1.31 2.97 8.98
RETo4 2.35 0.26 1.52 2.91
SMC (n=54)
DBHos4 (cm) 27.1 6.8 12.2 427
HTos (M) 18.37 3.07 10.15 23.97
HCBo4 (m) 6.03 341 0.20 12.58
CLSAu4 (cm2/cm) 3.85 1.77 1.19 12.35
AGEgH 171 31 12.5 19.0
RETo4 2.69 0.26 2.31 3.27

in 2004 (DBH_,; p<0.0001), tree
height in 2004 (HT ,; p<0.0001),
the ratio of tree height to diam-
eter (HT/DBH; p<0.0001), initial
CLSA (CLSA,,; p=0.0157), the
change in mean stand foliage
retention (AFOLRET; p<0.0001),
and treatmentvariables (100 TPA,
p=0.0096; 200 TPA, p=0.0002).
In an average PCT stand, mean
CLSA was reduced 30.6 and
25.9% for the 100 TPA and 200
TPA treatments, respectively,
when compared to the control
plot (Table 2).

GIS plots

Mean 6-yr change in CLSA on
the GISplotswas-0.24 +2.15 (Fig-
ure 2) and was related to DBH ,
(p<0.0001), HT,, (p<0.0001),
HT,/DBH,, (p<0.0001), CLSA,,
(p<0.0001), mean stand 2004 foli-
ageretention (RET ,, p=0.0002), %
basal area in Douglas-fir (%BA_;
p<0.0001), mean stand breastage
in 2004 (AGE,,; p<0.0001), the
cosine transformation of aspect
(COSA; p<0.0001), and the inter-
action between RET , and COSA
(p=0.0037). A positive change
in CLSA was associated with an
increase in DBH_,, HT /DBH ,,
andAGE,  aswellasadecreasein
HT,, CLSA,,, RET,, and %BA, . A
positive change in CLSA was also
correlated with northern aspects.
However, the effect of aspect was
dependent on stand mean foliage
retention.

SMC

CLSA did not differ between
installations, with a mean of 3.71
+ 1.74. Neither thinning nor fer-
tilization influenced CLSA after
accounting for DBH ,, HT , and
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Figure 1. Crown sparseness index from 1998 to 2004 on PCT plots. Graph A (top)
depicts 2004 estimate of crown sparseness over 1998 estimate of crown sparseness for

each to the treatments 400 TPA (dark circles), 200 TPA (open circles), and 100 TPA
(dark triangles). Graph B (bottom) is the change in crown sparseness over the change
in stand mean foliage retention for each treatment.

Table 2. Model forms, R2, and root mean square errors (RMSE) for equations presented in this

analysis.
Model Equation form R2 RMSE
. ACLSA = -10.4744+ 0.4466*DBHos— 0.9571"HTos +
Cha”%ﬁl:”ngzl)cLSA 29.6814* HTo4/DBHos— 0.3426*CLSAgs — 058 164
1.0804*FOLRET — 0.8729*T100 — 0.7381*T200
Change in PCT CLSA  ACLSA = 1.5138 + 0.8291*CLSAes — 2.6186*T100 — 027 218
(reduced model) 1.7596*T200 ' '
ACLSA = -6.2421 + 0.2843*DBHos — 0.6535*HTos +
. 24.5144*HT 04/DBHos — 0.8922*CLSAgs — 0.6072*RETos —
Cha”gjll'%(jil)CLSA 1.5186*%BAor + 0.0963*AGEsH + 1.6979*COSA — 045 159
0.5288*(RETo4*COSA)
change in CLSA
(reduced global ACLSA = 3.4296 — 0.5022 *CLSAgs 019 250
model a)
change in CLSA
(reduced global ACLSA = 6.6745 — 0.5609*CLSAgs — 1.2398'RETes 022  2.45

model b)

HT, ,/DBH,,. The model had an R?
of 0.89 and a root mean square
error (RMSE) of 0.60. Similarly,
foliage retention showed no re-
lationship with either thinning or
fertilization after accounting for
block effects.

VMRC plots

CLSA did not differ between
VMRC installations, with a mean
of 4.48 + 0.96. Vegetation man-
agement had no influence on the
CLSA after accounting for HT /
DBH,, and tree foliage retention
(TRET). The model accounted for
78.1% of the original variation in
CLSA and had a RMSE of 0.69.
Also, foliage retention showed
no relationship with any type of
vegetation management after ac-
counting for block effects.

DiscuUSSION

As was found by Maguire
and Kanaskie (2002), crown
sparseness was was significantly
influenced by tree social position,
represented by the heightto diam-
eterratiointhisanalysis. Mainwar-
ing et al. (2004) were only able
to detect a marginally significant
(p = 0.08) decrease in the index
duetofertilization. Although CLSA
appeared to be unaffected by
intensive silvicultural treatments
such as vegetation management
and repeated fertilization in this
analysis, it was influenced by sev-
eral other factors including stand
composition and developmental
stage. This resultis consistent with
the small amount of variation in
6-yr CLSA change explained by
initial CLSA and change in foliage
retention. The influence of species
composition and aspect may be



25

- - N
o [¢)] o
1 1 1

2004 Crown Sparseness Index

(é)]
1

10 12 14 16 18 20

1998 Crown Sparseness Index

Change in Crown Sparseness Index

-15 T T

-1.0 -0.5 0.0

0.5 1.0 1.5

Change in Stand Mean Foliage Retention

Figure 2. Crown sparseness index from 1998 to 2004 on the GIS plots. Graph A (top)
depicts 2004 estimate of crown sparseness over 1998 estimate of crown sparseness.

Graph B (bottom) is the change in crown sparseness over the change in stand mean

foliage retention.

related to true changes in foliage
density, orto differences in needle
areato sapwood arearatios related
to differing heartwood formation
rates (Weiskittel and Maguire
2004). The significant decrease in
CLSA after precommercial thin-
ning supports the emerging trend
of improved needle retention in
the thinned plots (Maguire et al.
2003a).

Although crown sparseness
index may be influenced by
otherfactorsthanfoliage loss from
disease it is much less variable
than foliage retention and is well
correlated with several important
tree physiological features such as
needlesize, total tree leafarea, and
the tree relative foliage age class
distribution (Weiskittel 2004).
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Funcicioat ControL oF Swiss Neebte Cast IN A
20-YeAR-0LD FOREST STAND

Jeffrey Stone, OSU; Paul Reeser, OSU; Alan Kanaskie, ODF

ABSTRACT

Annual spray applications of chorothalonil fungicide were
carried out over five consecutive years from 1996 — 2000 in a
Douglas-fir forest stand. Fungicide applications reduced infection
levels of Phaeocryptopus gaeumannii compared to the unsprayed
stands in foliage sampled in 2001. Total needle retention was also
increased in the fungicide spray treatment in 2001. Effects of fun-
gicide spray on P. gaeumannii levels persisted in foliage produced
in 2001, which did not receive fungicide treatment but had lower
infection levels in the treated stands due to reduced inoculum
levels compared to the unsprayed stands. Incidence of infection
in the 2000 and 2001 foliage sampled in spring of 2002 was near
100% in the fungicide treated plots. Differences in total infection
between fungicide treated plots and untreated controls were slight,
suggesting that residual effects of fungicide treatment were short-
lived. Foliage from the same plots was again sampled in spring of
2003 and 2004. Needle retention remained greater for the treated
vs the untreated stands in 2004. Trees in treated stands retained 10
to 50% of the 2000 needle cohort (four-year-old needles) and 25
to 60% of the 2001 cohort in spring 2004. Overall infection levels
averaged over four foliage age classes (2000 — 2003) remained
significantly lower in the fungicide treated plots. Infection levels in
2001 foliage sampled in 2003 (two-year-old needles) were again
significantly less than in the unsprayed plots. Infection levels were
not significantly different for 2002 foliage sampled in 2003, or for
2003 foliage sampled in 2004 (one-year-old needles), suggesting
that the residual effect of fungicide treatment on inoculum reduc-
tion lasted only 2 years.

INTRODUCTION

Although the pathogen Phaeocryptopus gaeumannii is widely
distributed on Douglas-fir in western Oregon and Washington,
extensive and severe Swiss needle cast disease (SNC) has not been
the historical norm. Severe SNC symptoms have been observed in
the western Coast Range from about 1990. Management options
for controlling SNC in forest plantations are very limited at present,
and the potential for control of SNC by fungicides has not received
much attention in the United States. The disease is controlled in
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Christmas tree plantations by the
fungicide chlorothalonil (Chast-
agner and Byther 1982, Skilling
1981, Hadfield and Douglas
1982). Annual applications of
chlorothalonil are recommended
beginning three years prior to
planned harvest for marketable
Christmas trees (Chastagner and
Byther 1982). However, because
of the longer duration of protection
needed for Douglas-fir rotations,
aerial fungicide sprays have not
been considered an economically
effective option for control of SNC
in forest plantations.

Whether SNC can be con-
trolled in forest plantations by
aerial applications of fungicides is
notknown. Aerial application ofa
copper fungicide was ineffective
in reducing P. gaeumannii infec-
tions in a 19-year-old forest stand
of Douglas-fir in New Zealand.
However, handspraying the same
material atthe same concentration
reduced incidence of infection to
below 42% compared to 100%
in unsprayed control (Hood and
van der Pas 1979). Some aspects
of P gaeumannii biology suggest
that annual spray applications
throughout a rotation might not
be necessary for disease control.
Needles are susceptible to infec-
tion only during their first grow-
ing season. Needles more than
one year old are not susceptible
to new infection by ascospores
(Stone et al 2000). Therefore,
needles only need to be protected
for a few weeks during the peak
period of ascospore release, late
May through mid June of the first
growing season, to keep them
disease free for their normal life-
time of four to five years. Effective
spray applications for two or three
consecutive years could therefore

eliminate or significantly reduce
levels of infection and inoculum
production. New, unprotected
foliage produced in subsequent
years could become infected from
residual infections or from outside
sources of inoculum.

If fungicide sprays are success-
ful in reducing infections below a
critical level, and thereby reducing
the inoculum load, SNC might
be controlled for several years
beyond cessation of fungicide ap-
plication in treated stands without
additional fungicide applications.
The amount of time before infec-
tion levels return to high levels
would depend onthe effectiveness
of the fungicide spray, residual
infection levels, proximity and
severity of inoculum sources
to the treated stands, and local
environmental conditions favor-
ing infection. Furthermore, most
Douglas-fir trees can tolerate a
low to moderate level of infection
without developing symptoms of
SNC. While it is probably impos-
sible to completely eliminate P
gaeumannii from a forest stand
by fungicide sprays, reducing and
maintaining infection to below
harmful levels may be possible.

This study was undertaken to
determine whether a program of
aerial fungicide spraying is effec-
tive in reducing infection levels
of P. gaeumannii in forest stands,
and how longthe residual effect of
fungicide treatmentis maintained
after the cessation of five consecu-
tive annual fungicide treatments.
This study was done in coopera-
tion with the Oregon Department
of Forestry, which treated study
sites with annual aerial applica-
tions of Bravo fungicide between
1996 — 2000. Foliage produced
in spring 2001 was the first year

of untreated foliage in the fungi-
cide treated stands. Foliage was
collected in the spring of 2003
and 2004 and the 2001, 2002,
and 2003 needle cohorts were
sampled.

MATERIALS AND METHODS

Study sites

Aerial sprays were applied
to a study site established by the
Oregon Department of Forestry
near Beaver, OR. The plantation
was established in 1980 and was
characterized as severely diseased
in 1995. Bravo Weatherstik 720
fungicide was applied at the rate
of 5.5 pt/30 gal/acreby aerial spray
to three five-acre plots for five
consecutive years, 1996-2000.
Sprays were applied shortly after
bud break, with shoots averag-
ing 1 — 3 in. Adjacent unsprayed
five-acre plots were designated
controls.

Sampling

Two transects were estab-
lished in each of three plots that
received fungicide treatment and
three unsprayed control study
plots. Transects were oriented
perpendicular to each other and
crossed the plots from edge to edge
from approximately the mid point
of eachside. Sampling points were
located at approximately 100 ft
intervals along each transectstart-
ing at approximately 50 ft in from
the plotedge. Each transect had 6
sample points except in plot T3,
a long narrow plot, which had 8
points in one transectand 4 in the
other. Two trees were sampled at
each sample point, two secondary
lateral branches were cutfrom the



fifth to seventh whorl from the top.
Needle retention on the sampled
branches was assessed in the
field, then branches were placed
in bags and returned to the lab for
infection assessments. Samples
were collected from stands CT,
C2,T1, and T2 in May 2001 and
2002, and from all six stands in
May 2003 and May 2004.

Assessment

Needle retention was rated
on a scale of 1-9, where 9 = 90-
100% needles retained, for each
internode starting with the current
year (2001 foliage). Retention
ratings for each internode (1997-
2000) were summed to obtain a
composite retention index for each
branch. Needles were removed
from internodes by age class,
placed in envelopes and stored
frozen (-20 C). Three samples of
ten needles /age class/branch/
tree were randomly drawn for
quantitative PCR analysis (Win-
ton et al. 2002). A sample of 50
needles/age class/branch/tree was
randomly drawn for pseudothecia
counts. Needles were affixed
abaxial side up to index cards
with double-sided adhesive tape.
Cards were examined under dis-
secting microscopes to determine
the proportion of needles bearing
pseudothecia (incidence of infec-
tion). The firstten needles on each
card with pseudothecia present
were then used to determine
pseudothecia density, or sever-
ity. The needles were examined
under a dissecting microscope
fitted with a counting grid and the
proportion of stomata occupied by
pseudothecia in three segments
(base, middle, tip) of each of
the ten needles was determined.

Infection index, the product of in-
cidence and pseudothecia density,
was used as a response variable
for comparisons of treatments.
Since incidence of infection was
near 100% for all plots, infection
index mainly reflects differences
in amount of pseudothecia on
needles. Statistical analyses were
performed with SAS for Windows
Vers. 8 (SAS Institute, Cary, NC)
and Statgraphics (Manuguistics
Inc, Rockville, MD).

REsuLTts

For foliage sampled in May,
2001, which had been treated
for five consecutive years, needle
retention was significantly greater
in stands that had been treated
with Bravo for five years (p <
0.05, Table 1). The average reten-
tion index for treated plots, 27.3,

1999 needles were also retained
inthe Bravo treated plots, butonly
about half of this complement was
retained in the unsprayed control
plots. 70-80% of 1998 needles
were retained in the treated plots
comparedto less than 10% for the
control plots. A small proportion
of 1997 needles remained on the
treated trees but this complement
was completely absent from the
unsprayed trees. For the foliage
sampled in 2004, again nearly
all one-year-old foliage (2003
cohort) needles were retained for
both the sprayed and unsprayed

Table 1. Mean needle refention indices for
treated and control stands. Indices are the
sum of needle retention rafings for each
of four infernodes, 1997-2000 for foliage
sampled in May 2001 and 2000-2003 for
foliage sampled in May 2004.

represents approximately 75% of Plot Composite Retention Index
foliage in age classes 1-4 retained 2001 2004
compared to about 40% for the  Ti 28.7 28.0
unsprayed control stands. The 712 NS 19.5
distribution of needles retained 13 258 20.4
in the two treatments is shown in 15.9 19.4
Figures 1 and 2. Nearly all cur- NS 18.6
rent year needles were retained 3 124 143
in both treatments. Nearly all ' '
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Figure 1. Comparison of needle retention ratings for plots treated with Bravo fungicide
for 5 years (T1, T3) and unsprayed (C1, C3). Ratings are based on field assessment of
needle retention for each internode on secondary lateral branches taken from between

the 5-7" whorl from the treetop in May 2001.
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Figure 2. Comparison of needle retention ratings for stands treated with Bravo fungicide
for 5 years (T1, T2, T3) and unsprayed (C1, C2, C3). Ratings are based on field assess-
ment of needle retention for each internode on secondary lateral branches taken from
between the 5-7" whorl from the treetop in May 2004.

stands. The Bravo treated stands
still retained a greater proportion
of the three- and four-year-old
needles than the unsprayed stand
(Table 1, Figure 2).

Quantitative PCR (QPCR)
analysis of foliage sampled in
May, 2001 showed significant
differences in levels of P gaeu-
mannii in foliage for age classes
1998-2000 (Table 2). There were
too few 1997 needles present in
the control plot trees for this age
classtobeincluded intheanalysis.
QPCR values for both fungicide
sprayed plots were significantly
lower thanfoliage from unsprayed
controls for all three-age classes
sampled.

Differences between fungi-
cide sprayed and control treat-

ments persisted through the first
year that aerial fungicide sprays
were not applied to the treatment
plots. Foliage that emerged in
June 2000 was the last age class
to be treated with fungicide spray.
Age class 2000 foliage from fun-
gicide treated plots had one-half
to one-third the level of infection
(infection index, NFX) present
in the unsprayed control at two
years following emergence (Table
3). Infection index for 2001 foli-
age (sampled in May 2002) was
also significantly greater for the
unsprayed controls than in the
fungicide treated plots, although
differences were not as great.
Infection levels in 2001 foliage
in plot C1 (unsprayed) were not
statistically different from the two

sprayed plots (Table 3).
Incidence of infection, the
proportion of needles bearing
at least one pseudothecium,
measured in May, 2002 was near
100% for fungicide sprayed as
well as unsprayed plots for both
age classes, indicating virtually
all needles in both treatments and
both age classes were infected.
Incidence of infection was also
near 100% for all needle age
classes and treatments in foliage
collected in 2003 and 2004. Dif-
ferences in infection index (NFX)
therefore reflect differences in
the abundance of pseudothecia
(Tables 3, 4). Nearly all one-year-
old needles (2001 needles) in
the 2002 sample were infected
regardless of treatment, but the
amount of infection in fungicide
sprayed plots was slightly less
than for unsprayed plots (Table 3).
Pseudothecia levels in one-year-
old needles (2002) collected in
spring of 2003 from the fungicide
treated plots, however, were not
statistically different from the
unsprayed plots. There were no
significant differences in infec-
tion index between foliage from
sprayed and unsprayed stands for
the 2004 sample (Table 4).
Figures 3 and 4 show the trend
of infection levels in two- and

Table 2. Comparison of quantitative PCR values (ng P. gaeumannii DNA/pg Douglas-ir
DNA for foliage for fungicide sprayed and unsprayed plots measured in May, 2001. Let-
ters in the same column indicate different groups at p < 0.05.

Needle Age Class
Treatment 2000 1999 1998
C1 240b 218b 217D
C3 256b 2.38b 2.22b
T1 0.79a 1.05a 1.18a
T3 0.28a 0.46a 114 a

Table 3. Comparison of infection index
(incidence x pseudothecia density) for
foliage collected in May 2002. Letters in
the same column indicate different groups
at p <0.05.

Plot 2001 Needles 2000 Needles
C1 0.12b 0.30b
C3 0.18 a 0.46 a
T1 0.08b 0.14c
T3 0.10b 0.15¢




one-year-old foliage in fungicide
treated plots gradually approach-
ing levels in the untreated checks.

Table 4. Comparison of infection index (incidence x pseudothecia density) for foliage col-
lected in May 2003 and May 2004. Lefters in the same column indicate different groups

Infection levels in two-year-old of p <0.05.
foliage from the fungicide treated Stand One-year-old Two-year-old Three-year-old
stands were significantly lower 2003 sample 2002 Needles 2001 Needles 2000 Needles
than in the gnsprayeql 'stands in o1 0.20 ABC 044 B 048 B
2002, reflecting fungicide treat- c2 045 A 040 B 050 B
mentof the foliage cohort produced c3 025 C 055 A 025 AB
in spring of 2000. Infection levels T1 0.14 A 033 B 033 A
were also lower in two-year-old T2 0.16 AB 035 B 0.35 A
needles sampled in 2003, reflect- T3 0.21 BC 041 B 0.30 A
ing the lower infection seeninthis 3004 sample 2003 needles 2002 needles 2001 needles
needle cohort(2001) oneyear after 1 0.07 0.25 0.20
treatment ceased (Table 3), but the c2 011 029 029
difference between sprayed and c3 0.13 0.25 0.16
unsprayed plots was less than for T1 0.12 0.22 0.19
2002 (Figure 3). Infection levels in T2 0.11 0.27 0.25
one-year-old foliage fromfungicide K 0.14 0.29 0.28
treated plots were lower than from
the unsprayed plots in 2002, but 06
treatments were not different in P
2003 or 2004 (Figure 4). M Check
% 04 -
2

DiscussiON g 037

Fungicide applications for five consecutive years "E 027
resulted in concurrent reduction of P gaeumannii 0.1 -
infection andsignificantly greaterfoliage retentionin .

the Bravo sprayed compared to the unsprayed plots.
Needle retention in current year needles was not
different between sprayed and unsprayed plots, as
expected. However, increased retention of the two-
and three-year old needles resulted in retention of
approximately one additional years’ cohortoffoliage
inthe sprayed vs. unsprayed plotsin 2001, reflecting
the effects of fungicide treatment on disease control.
A separate analysis of wood characteristics from
these plots showed that untreated control trees also
have lower wood moisture content, decreased ring
width, and increased latewood proportion compared
to fungicide treated trees, characteristics that have
been attributed to reduced vigor and defoliation due
todisease (Johnsonetal 2001). Taken together, these
results reinforce the conclusion that P gaeumanniiis
the primary agentresponsible for the currentdecline
of Douglas-fir in western Oregon and Washington.
A separate analysis of growth differences from this
study is in progress.

2002 2003 2004

Figure 3. Comparison of infection index in two-year-old needles
sampled in 2002, 2003, and 2004. Age class 2000 needles, which
were two-years-old when sampled in 2002, were the last needles
to receive fungicide treatment. Age class 2001 needles sampled in
2003 were not treated with fungicide, lower infection levels indi-
cate the residual effect of fungicide treatment on inoculum levels
in the fungicide treated plots.
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Figure 4. Comparison of infection index in one-year-old needles
sampled in 2002, 2003, and 2004.



Foliage from fungicide treated
plots had significantly lower levels
of P gaeumannii than unsprayed
controlsin 2001 foliage measured
inMay, 2002. Sincethisfoliage had
notbeen sprayed with a protectant
fungicide, lower infection levelsin
this age complement must reflect
reduced inoculum levelsresulting
frommultiple yeartreatmentin the
fungicide-sprayed plots. However,
itappears thatdifferences in infec-
tion levels between sprayed and
unsprayed plots after multi-year
treatment were already beginning
to converge in this first cohort of
foliage not protected by fungicide.
Infection levels in both treatment
plots were significantly different
from only one of the unsprayed
control plots.

Infection levels in the fungi-
cide treated plots continued to
converge toward levels in the
untreated checks in 2003 and
2004. Infection levels in the one-
year-old 2002 foliage from the two
treatments were not statistically
different. This suggests that even
after five consecutive years of
fungicide applications, sufficient
residual infection remained in the
standsto enable infection levels to
rapidly build up in only two years
after the cessation of fungicide
treatment.

Even though chlorothalonil
fungicide significantly reduced P.
gaeumanniilevels inthis study and
others, complete elimination of
the pathogen from the stands was
notexpected. Detectable residual
levels of infection typically remain
even where good disease control
has been achieved (Chastagner
and Byther 1983, Chastagner
and Stone 2001). The amount
of residual infection following a
course of treatment is probably

the most important factor affect-
ing long-term disease control.
The amount of residual infection
will be determined by the efficacy
of the treatment, coverage, and
timing. In this study, the amount
of residual infection appears to
be relatively high. Chlorothalonil
has proved effective in controlling
SNC in Christmas trees (Chastag-
ner and Byther 1983) and forest
plantations (Chastagnerand Stone
2001). The WeatherStik formula-
tion of chlorothalonil (Daconil)
provided superior control to other
formulations (Chastagner and
Stone 2001).

Although significant differ-
ences in infection levels were
detected between treatments,
our data suggest that the aerial
fungicide spray treatment was
only minimally effective in con-
trolling P. gaeumannii. Incidence
of infection in fungicide treated
age class 2000 needles, measured
in May, 2002 was nearly 100%,
notsignificantly different fromthe
unsprayed control. Even though
the fungicide treatment reduced
the amount of infection in these
needles, there was still sufficient
successful infection to effectively
saturate foliage. Pseudothecia
density in the sprayed plots was
one-third to one-half that of the
untreated control and accounted
for the observed differences be-
tween treatments. One reason
for this may be the exceptionally
high level of disease at this site.
Field studies with elemental sulfur
fungicides onsites with less severe
disease have resulted in greater
reductions of P gaeumanniiinfec-
tion, eventhough elemental sulfur
has not been as effective as Bravo
(Daconil) when these materials
have been compared.

Aerial application of a cop-
per fungicide was ineffective in
reducing P. gaeumannii infec-
tions in a 19-year-old forest stand
of Douglas-fir in New Zealand.
However, handspraying the same
material atthe same concentration
reduced incidence of infection to
below 42% compared to 100%
in unsprayed control (Hood and
van der Pas 1979). The success
of the handspray application
was attributed to superior foliage
coverage and greater amounts of
material applied. Handspray ap-
plications were applied to run off
by a person climbing within the
tree crowns. This highlights the
difficulty of achieving sufficient
aerial application rates in forest
tree stands compared to Christmas
trees, where SNC is routinely con-
trolled by fungicide. The relatively
high amount of residual infection
present in the fungicide treated
plots in our study suggest that cov-
erage may have been inadequate.
Fungicide application volumes
for forestry should probably be
adjusted based on stand age and
foliage area rather than a standard
rate peracre. Itisalso possible that
the level of disease at this site was
too severe, and that aerial fungi-
cides might be more effective in
controlling SNC at sites with more
moderate levels of disease.
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MicrosaTeLLiTE POPULATION STRUCTURE oF
PHAEOCRYPTOPUS GAEUMANNII AND PATHOGENICITY
oF P, Gacumanni Genorypes /LINEAGES

Loretta M. Winton and Jeffery K. Stone, OSU

INTRODUCTION

We recently completed an SSCP survey of allelic variability
in slowly evolving genes for 30 populations of Phaeocryptopus
gaeumannii (Winton 2001). We found that P gaeumannii in the
region of Oregon’s Swiss needle cast epidemic is subdivided into
two reproductively isolated sympatric lineages. Lineage 1 has
nearly worldwide distribution, occurring throughout much of the
Pacific Northwest as well as in exotic locations that have historical
reports of disease. Lineage 2 is restricted to Oregon’s coastal forests.
This latter lineage was frequently isolated from diseased stands in
Tillamook County and was extremely common near Gold Beach
and in forest trees growing adjacent to the Oregon Department of
Forestry D.L. Phipps Forest Nursery.

The distribution suggests thatthe second lineage may be derived
from southern Oregon. Furthermore, the most severely diseased
plantations in Hansen et al (2000) were also found to have the
highest incidence of this lineage. These plantations are owned by
the Oregon Department of Forestry and may have been planted
with stock from the Phipps Nursery. If so, it is possible that the
dissemination of infected seedlings grown in southern Oregon to
plantations in the conductive environment along the North Coast
may have helped establish the current epidemic by the introduc-
tion of new genotypes. These data suggest that a wider longitudinal
and latitudinal sampling should clearly demonstrate whether one
lineage is from the north and the other from the south.

The objective of this study is to confirm the proposed the
origins of the two lineages and estimate the outcrossing rate
within lineages. A secondary objective is to further characterize P
gaeumannii populations surrounding forest nurseries in southern
Oregon. The discovery by Winton (2001) that P gaeumannii in the
Pacific Northwest actually comprises two reproductively isolated
lineages, or cryptic species, suggested that differences in pathogen
virulence may be animportantfactorinthe currentdecline of coastal
Douglas-fir due to Swiss needle cast. Winton (2001) also provided
evidence of variation in pathogenicity amongstrains of P gaeuman-
nii on Douglas-fir seedlings. One strain, isolated from the severely
diseasedJuno Hill site, caused significantly greater needle loss than



strains derived from less damaged
sites. This study was conducted to
determine whether genotypes or
lineages of P. gaeumannii differ in
their ability to cause disease.

METHODS

Microsatellite marker de-
velopment

Approximately 10 ug of
total genomic DNA from a
single P gaeumannii isolate was
fragmented separately with the
restriction enzymes BstUl and
Rsal. Doubled-stranded synthetic
linker oligonucleotides of known
sequence were then attached
to the restriction fragments via
blunt-end ligation. Restriction
fragments were then hybridized
tobiotinylated synthetic microsat-
ellite oligonucleotides that were
covalently attached to magnetic
microspheres. The beads were
then washed in succesively strin-
gent conditions such that the re-
striction fragments were enriched
forthose containing microsatellite
sequences. PCR with a linker
sequence primer was performed
on the final elutantto increase the
amountof microsatellite enriched
DNA such that it could be cloned
for DNA sequencing. Sequences
were examined for microsatellites
and the most promising (long,
perfect repeats) were chosen for
primer design. Of the 16 primer
sets designed, 10 were suitable
for population studies. Each P,
gaeumannii isolate was PCR
amplified at each of the 10 loci.
DNA fragments were separated
by capillary gel electrophoresis
on an ABI prism 3100 in GeneS-
can mode (Applied Biosystems).
Allele sizes and repeat numbers

were estimated and evaluated for
quality in GenoTyper (Applied
Biosystems). Data was exported
in spreadsheet formatto construct
the genotype database.

Population Sampling

Because ascospores are dis-
persed by wind and rain, a popu-
lation was arbitrarily defined as a
single plantation or stand of the
Douglas-fir host. Our original
culture collection consisted of 17
populations of the coastal form of
Douglas-firwithin the native range
of Douglas-fir in western Oregon
and Washington. Ten of these
were within the main epidemic
area of Oregon’s Coast Range
(between Waldport and Astoria
within 18 miles of the coast), four
of which were mature stands at
least 80 years old. All other stands
in the study were between the
ages of 10 and 25. Seven of the
native coastal form populations
were located outside of the main
epidemic area. One population
from New Mexico represented
a natural stand of the interior
form of Douglas-fir. Because the
fungus has previously caused dis-
ease only where Douglas-fir was
planted as an exotic species, we
alsosampled 12 locations outside
of the natural Douglas-fir range
where there had previously been
reports of disease. We have added
to our existing collection of iso-
lates an additional 10 populations
in the Oregon Cascade Range
and 5 populations in northern
Idaho and eastern Washington.
In addition, we have sampled an
additional year at 8 of our 9 SNC
monitoring plots. Single isolates
were obtained from 5 to 21 trees
per stand; a total of 1350 isolates

are being tested. In total, 13,350
individual loci (10 loci X 1350
individuals) have to be examined
for accuracy before they can be
assembled into the database.

Trees selected for sampling
were non-adjacent and haphaz-
ardly chosen within a stand with
no regard to apparent disease
level. Branches with foliage bear-
ing pseudothecia were collected
in the spring of 1997, transported
to the lab, and prepared for iso-
lation. Single-ascospore P. gaeu-
mannii isolates were obtained by
adhering 10-50 needles bearing
only P. gaeumannii pseudothecia
to lids of petri plates containing
water agar to allow ascospore
discharge on the agar surface.
Needles were arbitrarily selected
from the most recent needle co-
hortbearing mature pseudothecia.
Samples were incubated in a moist
chamberfor 3-5 daysat 17 °Cand
one individual ascospore per host
tree was removed from the agar
surface with a heat-drawn Pasteur
pipette. Isolates were grown at
17 °C for 3-5 months on potato
dextrose agar (Difco Laboratories,
Detroit, MI).

Pathogenicity comparisons

Plug-1 Douglas-fir seedlings
of the “BurntWoods” seed source
were provided by Starker Forests.
Seedlings were transplanted in a
soil/peat/perlite potting mix inone
gallon pots. Prior to inoculation,
seedlings were preconditioned for
two weeks in a growth chamber at
18C, 85% RH, 12 hour photope-
riod. Seedlings were maintained
under the same conditions for 14
days following inoculation, then
transported to the OSU Botany
field lab. P gaeumannii cultures



were isolated from single asco-
spores and maintained as stock
cultures on Potato Dextrose Agar.
Inoculum was prepared from
cultures of each isolate grown in
stationary culturein 1L Erlenmeyer
flasks containing 250 ml Potato
Dextrose Broth. Inoculum cultures
were harvested at approximately
60 days. The mycelium was fil-
tered through nylon mesh, fresh
weight determined, and added
to a measured volume of 0.05%
water agar to give a concentration
of 0.02 g mycelium/ml. The my-
celium was then fragmented with
a tissue homogenizer (Brinkman
Instruments). A sample of each
inoculumwas serially diluted and
plated on potato dextrose agar to
assess the viable fragments per ml.
Inoculumwas appliedtoseedlings
in the growth chamber by means
of an airbrush spray apparatus.
Each seedling received 25 mL
(0.5 g) of inoculum. Ten seed-
lings per treatment group were
inoculated with a single isolate
from each of 7 SSCP genotypes
present in Oregon and one of
the two genotypes present in the
eastern United States.. A control
group was inoculated with killed
P. gaeumannii mycelium. Needle
retention was measured the fol-
lowing year and ANOVA used to
evaluate whether symptom devel-
opmentdifferentiated between the
two lineages or was restricted to
specific genotype(s).

Resurts AND DiscussiON

Population structure

Microsatellite genotypingand
preliminary analysis has been
completed for 854 isolates at all
10loci. Another 476 isolates have

been genotyped and integrated
into the database but not yet
analyzed.

Preliminary analyses of the
isolates for which we have com-
plete data confirm the presence of
the two lineages found by SSCP
(Figure 1). Furthermore, isolates
from Vermont, New York, and
New Mexico, a putative third
lineage by SSCP, appear scattered
within lineage 1. Gene diversity
statistics within lineages for each
population (stand) are presented in
Tables 1 & 2. These statistics were
not available with the more con-
servative SSCP method that was
originally used to distinguish the
two P.gaumanniilineages (Winton
et al 2001). In general, lineage
1, with worldwide distribution,
displays lower gene diversity in
populations where Douglas-fir
was planted as an exotic (Figure
2). This would be expected if the
genetic diversity of the founding
population was initially low and
later gene flow was restricted.
These results are consistent with
the hypothesis of reduced diver-
sity in small populations due to
founder events and genetic drift.
High levels of gene diversity were
found where Douglas-fir is native,
both in young plantations and
mature stands, as expected. More
than half of the native populations
have a gene diversity above 0.5.

Genetic relationships among
populations of lineage 1 are de-
picted in Figure 3. All of the popu-
lations in Oregon’s Coast Range
clustered together. But notice the
populations labeled in grey. These
are forest nurseries outside of the
area thatmay have provided seed-
lings for many of these plantations.
This tree also suggests possible
founding populations for several

e

Figure 1. Genetic relationships among
isolates.



Table 1. Basic population genetic statistics for lineage 1. Ordered by
increasing gene diversity.

Table 2. Basic population genetic statistics for lineage 2.
Ordered by increasing gene diversity.

Gene Diversity

Gene Diversity

Sample Gene  Standard ~ No No Sample Gene  Standard  No  No
Population size Diversity Deviation  Alleles Alleles SD Population  size Diversity Deviation ~ Alleles Alleles SD
ltaly 17 0.0000 0.0000 1.00 0.00 Menagerie 3 0.1111 0.1111 1.17 041
5Switzerland 20 0.0833 0.0167 1.83 041 NorthFork 7 0.1270 0.0840 133 0.52
Germany 13 0.0855 0.0855 1.33  0.82 HoquiomWA 2 0.1667  0.1667 1.17 041
NewZealandN 16 0.1014  0.0486 1.83 098 Salal 4 0.1944 0.1248 1.33  0.52
3Switzerland 7 0.1825 0.0890 1.67 0.82 Lower 9 0.2269 0.0844 1.83 0.75
NewZealandS 11 0.2424 0.1138 217 1.7 EdwardsOld 8 02917 0.1150 2.17 1.17
NewYork 11 0.2485 0.1208 2.00 1.26 JunoHill 12 03586 0.1108 2.83 1.47
Canby 5 02667 0.1333 1.67 0.82 Upper 4 04167 01411 183 075
UK 15 03143 0.1227 250 1.52 Phipps 7 04206 0.1130 233 103
France 14 0.3242 0.1081 2.50 1.22 BibeO|d 6 0.4222 0.1056 2.17 0.75
SonjuanWA 1903489 00591~ 3.00 ~ 0.89 GoldBeach 16 0.4458 0.1194 3.7 133
4Switzerland 5 0.3667 0.1687 2.00 1.26 CoalOld 9 04676 01500 2.67 1.51
Phipps 3 0.3889 0.1809 1.67 0.82 DriftCreek 8 04762 0.1267 283 133
3ldaho 9 03935 0.1437 2.67 1.63 PrairieOld 9 04769 0.0704 2.67 0.52
Vermont 16 04083 00818 283 2.04 Acey > 0533301406 2.50 122

Limestone 3 06111 0.2003 2.17 098

CoalOld 6 0.4222 0.1056 217 075
2ldaho 14 0.4451 0.1183 417 343
NorthFork 14 0.4542 0.1278 3.17 194 | . h D las-fi | d
Tidaho 10 04556 01279 3.7 172 ocations where Douglas-lir was planted as an
20Case 12 04571  0.1349 317 179 exotic. Populations in Italy, Switzerland, and
MacDonaldForest 15 0.4619  0.0955  4.17  1.94 France may have been fo‘ﬂ”ded by genotypes
Olympia 17 04681 01112 317 194 originating from Idaho. This agrees completely
Upper 22 04776 0.1008 400 2.68 with what we know about the planting stock
Spokane 16 04889 01325 483 343 used to establish Douglas-fir plantations in Eu-
ToledoWA 18 04891 0.1134 400 2.53 rope. Isolates from New Zealand'’s South Island
27Casc 15 04937 0.1013 433 207 appears most closely related to genotypes from
EdwardsOld 5 05167 01167 217 075 the Cascade mountains in Oregon, while the
JunoHill 15 05254 01241 433 250 North Island population is more closely related
Acey 1705404 01170 450 176 to isolates from western Washington.
30Casc ? 05463 00866  2.67 121 Individual population statistics for lineage
DriftCreek 8 05476 01139 267 1.0 2 are presented in Table 2. The average gene
Salal 10 0.5593 0.1167 3.50 1.64 di . . . .

) iversity across populations is lower for lineage
BixbyOld 10572701011 433 2.50 2 (0.36) than it is for lineage 1 (0.43). However,
NewMexico 5 0.5833 0.0910 2.50 084 ) . S o
CoalCreek 17 05833  0.1237 433 2.50 therangeofvalgesnsglso smallerfor popu.latlons
42Casc 11 05848 0.1145 400 210 of lineage 2, with neither the extreme high nor
lower 16 06028 0.1009 483 319 low values exhibited by populations of lineage
PrairieOld 5 06167 00910 267 121 1. One interpretation of this result could be that
FosterDam 10 06222 0.0422 333 103 individuals of lineage 2 mate more randomly.
37Casc 8 0.6310 0.0637 333 0.82 The only two populations with gene diversity
Limestone 28 0.6380 0.0890 7.00 2.68 above 0.5 are the two healthiest sites in the
CedarNorth 2 0.6667 0.2108 167 0.52 sample (Figure 4). Below 0.4 are the moderately

and severely diseased sites. This relatively low
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Figure 2. Microsatellite gene diversity for populations of lineage 1. Genetic diversity is

generally lower in the locations where Douglas-fir has been planted as an exotic species.
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Figure 3. Genetic relationships among populations of P. gaeumannii lineage 1.
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Figure 4. Microsatellite gene diversity for populations of lineage 2: More severely dis-

eased sites have lower genetic diversity.

genetic diversity is suggestive
of an epidemic-type population
structure which is distinguished
by the occurrence of one or a few
highly successful genotypes.

Genetic relationships among
populations of lineage 2 are de-
picted in Figure 5. Populations of
this lineage generally segregate
into two groups. One group con-
sists almost entirely of Tillamook
populations at the center of the
current epidemic. A notable
exception is the population sur-
rounding the Oregon Dept. of
Forestry’s nursery. Genetically,
this population is more similar to
populations in the Tillamook area
than to the nearby Gold Beach
population. The other group con-
sists of populations further to the
south from the epidemic area.

Within Tillamook County,
lineage 2 was correlated with
disease (Figure 6). As the pro-
portion of the Coastal lineage
increased in stands, trees retained
fewer needles. At our worst site,
trees only had about 17% of their
needles left and over 70% of the
isolates obtained from that site
were Coastal lineage.

In order to estimate reproduc-
tive mode in the epidemic area,
we genotyped 33 isolates from a
single 15 year old tree at the Juno
Hill site. There were 29 different
genotypes, most belonging to
lineage 1. We found no evidence
(P=0.07) thatthe multilocus index
of association differed from that
expected from a single recombin-
ing population of lineage 1. This
suggests random mating withinthe
tree canopy. However, atthe stand
level, thereis evidence (P<0.01) of
non-random reproduction atjuno
Hill (la=2.6), Lower Stone (1a=1.9),
and Upper Stone (la=1.6). This
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result is likely due to population
admixture.

Differences in pathogenic-
ity between lineages

Seedlings inoculated with
different P gaeumannii isolates
showed a gradient of needle loss.
Isolates of lineage 1 tended to
cause less severe defoliation than
did isolates of lineage 2 (Figure
7). When results for all genotypes
were combined by lineage, i.e. all
the trees inoculated with lineage
1 isolates compared with trees
inoculated with lineage 2 isolates,
the defoliation caused by lineage
1 was significantly greater than
that caused by lineage 2 (Figure
8). This result agrees with similar
inoculations performed in 1997
and 2001. However, because lin-
eage 2, rather than lineage 1, was
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Figure 8. Comparison of seedling needle
retention ratings where genotypes com-
prising the individual lineages are com-
bined. Bars marked by different letters are
significantly different (p<0.05). Vertical
lines indicate standard errors.

Figure 7. Mean needle retention ratings of seedlings inoculated
with 8 P. gaeumannii genotypes in 2002. Bars marked by dif-
ferent letters are significantly different (p<0.05). Vertical lines
indicate standard errors.



positively correlated with disease
in field plots, this suggests an in-
teraction between genotype and
environment may be influencing
disease severity in the field. Possi-
bly the more maritime influenced
environment near Tillamook is
more favorabe for growth or fe-
cundity of predominantly coastal
lineage 2, while lineage 1, the
lineage more frequently found
in the interior, is better adapted
to the relatively drier conditions
away from the coast. It is worth
noting that 15 of 16 isolates col-
lected from MacDonald Forest
genotyped as lineage 1.
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ControL oF Swiss NEeeote Cast IN FoRest
PLanTATIONS BY AERIALLY APPLIED ELEMENTAL
Sutrur Funcicioe

Jeffrey Stone, OSU; Gary Chastagner, WSU; Alan Kanaskie, ODF

ABSTRACT

A field study was established to evaluate the efficacy of aerially
applied sulfur fungicide for control of Swiss needle castin Douglas-
firforest plantations. Paired plots of five acres each were established
at six sites in the Oregon Coast Range. Half of the study sites were
15-20yearold plantations that had been pre-commercially thinned,
half were 20-25 years old and had been commercially thinned.
One plot of each pair received sulfur fungicide treatment at the
rate of 60 Ib/acre, applied twice in a two-week interval in early
June 2002. For current-year foliage sampled in fall, 2002, aerial
application of elemental sulfur fungicide resulted in increases in
percent sulfur and SO, sulfur content as well as increased P, Ca,
Mg, Mn, Z, and B. Percent Fe was lower in sulfur treated foliage,
percent N, K, C, and Cu were not different between sulfur treated
and untreated foliage. Similar trends were observed for current-
year and one-year-old foliage sampled in fall, 2003, however only
percent S and SO, content were statistically significant. Infection
of one-year-old foliage sampled in 2002 and 2003 foliage was
reduced significantly for both years in all plot pairs. During 2002,
an additional trial was established in Washington to determine
the effectiveness of a single application of several other types of
fungicides in protecting needles from SNC. Materials in this trial,
included Thiolux, several copper fungicides, a biologically-based
material, and Daconil WeatherStik. Kocide and Daconil were the
only materials that reduced SNC infection levels.

INTRODUCTION

There are few management options for controlling Swiss needle
cast (SNC) in Douglas-fir forest plantations at present. Fungicidal
control of SNC in forest plantations has met with mixed suc-
cess where it has been attempted. Aerial application of a copper
fungicide was ineffective in reducing P gaeumannii infections in
a 19-year-old forest stand of Douglas-fir in New Zealand. How-
ever, handspraying the same material at the same concentration
reduced incidence of infection to below 42% compared to 100%
in unsprayed control (Hood and van der Pas 1979). The disease is
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effectively controlled in Christmas
tree plantations by the fungicide
chlorothalonil (Chastagner and
Byther 1982, Skilling 1981, Had-
field and Douglas 1982). Annual
applications of chlorothalonil are
recommended beginning three
years prior to planned harvest
for marketable Christmas trees
(Chastagner and Byther 1982).
However, because of the longer
duration of protection needed
for Douglas-fir timber rotations,
aerial fungicide sprays have not
been considered an economically
effective option for control of SNC
inforestplantations. Furthermore,
toxicity of chlorothalonil to fish
and other aquatic organisms and
its moderately long persistence in
soil make itan unsuitable material
for forest use.

Previous studies (Chastagner
2002, Chastagner and Stone 2001,
Craneetal 2001, Stone etal 2000)
have indicated thatelemental sul-
furformulations (Thiolux, Golden
Dew) are moderately effective
protectant fungicides for control
of SNC. Although elemental sulfur
fungicide has not been as effec-
tive as chlorothalonil in reducing
infection by Phaeocryptopus
gaeumanniiin field studies (Chast-
agner and Stone 2001, Stone et al
2000), it has nevertheless shown
moderate efficacy in reducing
infection. Furthermore, elemental
sulfuris classified as an EPA toxic-
ity category IV material, the least
toxic category. Sulfuris considered
a very low toxicity material that
poses a very low risk to human
and animal health. Sulfur also
has a very low toxicity to birds,
fish and aquatic invertebrates
and so its use in forestry applica-
tions is not subject to the same
level of environmental concern

as for chlorothalonil and other
fungicides. Some field observa-
tions have also suggested that in
addition to its fungicidal proper-
ties, elemental sulfur can act as a
nutrient in sulfur-deficient soils,
resulting inimproved foliage color
and increased growth.

The infection biology of P
gauemanniisuggests that effective
fungicidal control of SNC in forest
plantations should require treat-
ment for three or more consecu-
tive years. Previous studies have
shown that nearly all infection
occurs only in newly expand-
ing shoots. Needles that are not
infected during the first growing
season are much less likely to be-
come infected during subsequent
years (Capitano 1999, Hood and
Kershaw 1975, Stone etal. 2000).
Ascospores are released between
April and July, with the maximum
ascospore release occurring be-
tween mid-May through mid June
(Michaels and Chastagner 1984,
Stone et al. 2000). Because only
newly expanding needles are
the primary infection court, and
because the period of maximum
ascospore release is relatively
brief, protectant fungicides ap-
plied to the susceptible foliage at
bud break should result in long
term reduction of infection in the
treated foliage. If fungicide appli-
cation is repeated for several con-
secutive years so that all needle
cohorts attached on branches have
received treatment, an overall
reduction in infection and inocu-
lum production in treated stands
should result, reducing the need
for further fungicide treatment to
maintain SNC control.

Evaluations of elemental sul-
fur fungicides for control of SNC
have to date been conducted as

simulated aerial applications on
individual small trees. Because of
the interest of forest managers in
the potential for use of elemen-
tal sulfur for control of SNC in
operational stands, a study was
established to evaluate aerially
applied sulfur on 15 to 25-year
old Douglas-fir stands in the Coast
Range. The study sites represent
a range of disease severity from
moderate to severe. The objec-
tives of this study are to evaluate
efficacy of aerial application of
elemental sulfurfor control of SNC
in operational forest plantations,
identify problems in operational
use, evaluate optimum age during
rotation for treatment, evaluate
growth responses, and determine
whether disease severity affects
response to treatment.

MATERIALS AND METHODS

Study sites

Four groups of study sites were
established in spring of 2002 with
the cooperation of The Simpson
Timber Company, Starker Forests,
RayonierInc., and the Oregon De-
partment of Forestry. Each group
consisted of a plot pair established
in a 10 — 15-year old plantation
andaplotpairina20-25-year-old
plantation, except the Rayonier
site which had two plot pairs in
a 10-15-year old plantation. Each
plotpair consisted of two five-acre
plots within the same stand (15
acre minimum) with a uniform
topography. One five-acre plot
of each pair received the aerial
sulfur application, the other was
an untreated check. Additional
criteria for the stands were that
they should be primarily stocked
with Douglas-fir, the 10— 15-year-



old stands to have been precom-
mercially thinned with a stocking
of 300- 350 trees per acre, the 20
— 25-year-old stand to have been
thinned within 3 years and have a
stocking density of 200- 250 tpa.
One-half acre permanent study
plots were established in the cen-
ter of each five-acre plot and all
trees numbered and measured.

Sulfur fungicide application

Thiolux micronized elemental
sulfur was applied to each treated
plot by helicopter in early June,
2002 and again in June, 2003 at
the rate of 60 Ib/A, as two passes
of 30 gal/ac applied in two per-
pendicular directions. At 10to 14
days after the first application, a
second application was made
at the same rate. Each five-acre
treatment plot received a total
of 120 Ib of Thiolux/A. The first
treatment was applied when at
least 50% of new shoots were 1
— 3”7 expanded.

FOLIAGE COLLECTION

In Oregon, foliage was col-
lected manually by climbing ten
randomly selected trees from
each half-acre study plot. Two
branches from the fifth whorl from
the treetop were collected, and
3 — 4 tertiary lateral shoots were
clipped and placed in collecting
bags. At the Washington site, the
tertiary lateral shootsamples were
obtained from a single branch that
was collected from 15 randomly
selected trees in each plot. A
collection of foliage was taken
in fall 2002 after the first sulfur
application for comparison of foli-
age elemental analysis. A second
collection was taken in June 2003

for assessment of P. gaeumannii
infection.

Analyses

For foliar nutrient analysis,
foliage samples were collected
in fall 2002 and 2003, separated
into age classes, placed in paper
bags labeled by site/treatment/
tree/foliage age, and air dried.
Elemental analysis was performed
by the Central analytical Labora-
tory of Oregon State University.
For assessment of infection by P.
gaeumannii, foliage samples were
collected in late May in 2003
and 2004. For the Oregon sites,
needles were separated by age
class, the needles for each age
class pooled for each tree, and a
sample of 50 needles randomly
drawn for each tree/age class. The
50 needles were affixed to 3 x 5”
index cards with double-sided ad-
hesive tape and examined under
the dissecting microscope at 40x
for presence of pseudothecia of P.
gaeumannii. Incidence was scored
as the proportion of needles bear-
ing P. gaeumannii pseudothecia.
Severity, the proportion of sto-
mata occupied by P gaeumannii
pseudothecia, was determined
from the first 10 needles bearing
pseudothecia. The needles were
examined under a dissecting mi-
croscope fitted with a counting
grid and the proportion of stomata
occupied by pseudotheciainthree
segments (petiole, middle, tip) of
each of the ten needles was de-
termined. Infection index (NFX),
the product of incidence times
severity, was used as a response
variable for comparisons of treat-
ments. Statistical analyses were
carried out with the Statgraphics
statistical package (Manuguistics

Inc, Rockville, MD).

Forthe Washingtonssite, infec-
tion assessments were done by
visually examining needles on
the different age classes of shoots
using a dissecting microscope.
The incidence of infected needles
was rated on a scale of 0 to 10,
where 0 = no pseudothecia evi-
dent on any needles, 1 = 1-10%
of the needles with pseudothecia,
... 10 = 91-100% of the needles
with one or more pseudothecia.
The severity of infection was
rated on a O to 6 scale, where 0
= no pseudothecia present, 1 <
1%, 2 =1-10%, 3 = 11-25%, 4
=26-50%, 5 =51-75%, and 6 =
>75% of the stomata occupied by
pseudothecia. Again, an infection
index, based on the product of the
incidence and severity ratings,
was used to statistically compare
treatments using SAS Proprietary
Software Release 8.1 (SAS Institute
Inc, Cary, NC).

2002 Fungicide screening
trial (DF 102)

In addition to the aerial sulfur
fungicide studies, a trial was also
established in Washington to ex-
amine the effectiveness of several
other types of fungicides in pro-
tecting needles from SNC (Table
3). Materials included in this trial
are Daconil WeatherStik, Thiolux,
several copper fungicides (Kocide
DF, Kop-R-spray, and Phyton 27)
and abiologically-based material
(QRD 131). Asingle application of
each material was applied to one
tree in each of 10 blocks on May
31,2002. All treatments were ap-
plied with a Solo backpack sprayer
equipped with an 8003 nozzle
@ 15 psi. Trees were sprayed to
wet and the length of new growth



ranged from 1.5 to 3.5 inches at
the time of application. A non-
sprayed tree in each block served
as checks.

The effects of these treatments
on disease development were
assessed by harvesting a single
branch from the middle portion
of each tree on March 10, 2003.
Infection levels were assessed
as described for the Washington
aerial Thiolux study. In addition,
needle loss and color were also
rated. Needle loss was rated on a
scale of 0 to 10, where 0 = none,
1=1-10%,2=11-20%, 3 =21-
30%,..., and 10 = 91-100% loss.
Needle color was rated on a 1 to
6 scale, where 1 = healthy-ap-
pearing dark green needles, 2 =
healthy-appearing green needles,
3 = needles with a slight yellow
mottling on a green background
that may also have brown spots or
tips on the needles, 4 = dull green
needles with moderate chlorosis
that may also have brown spots
or tips on the needles, 5 = exten-
sive yellowing/browning, and 6 =
uniformly yellow needles that may
have some brown spots or tips.

REsuLTts

Nutrient analysis

Current-year foliage collected
at both the Oregon and Washing-
ton sites five to six months fol-
lowing aerial sulfur applications
in 2002 and 2003 had greater
percentages of sulfur and greater
amounts of sulfate-sulfur than the
unsprayed foliage, as would be ex-
pected. The sulfate-sulfur content
of treated needles was more than
two times that of the unsprayed
needles in current-year foliage
sampled in fall 2002, and was ap-

proximately three times greater in
thesamefoliage oneyear laterand
inthe currentyearfoliage sampled
infall, 2003. Percent phosphorus,
calcium, magnesium, manganese,
zincandboron were also higherin
the sulfur treated foliage sampled
in 2002. A similar trend was
observed for the 2002 and 2003
foliage sampled in 2003, but the
differences were not statistically
significant. Percent nitrogen, po-
tassium, copper and carbon were
not different between the sprayed

and unsprayed foliage for either
year sampled (Tables 2, 3).

Phaeocryptopus gaueman-
nii infection

Aerially applied sulfur fungi-
cide significantly reduced infec-
tion in one-year-old needles by
P. gaeumannii in all Oregon plots
in both 2002 and 2003 (Table 4,
Figures 1, 2). Differences in in-
fection levels were significantly
lower for the sulfur treated foli-

Table 1. Products included in 2002 Washington fungicide trials.

Trade name and formulation  Active ingredient

Daconil WeatherStik 720 chlorothalonil
Golden Dew Sulfur 92%
Kocide DF

KopR-Spray

Phyton 27

QRD 131 AS

Tactic sticker

Thiolux 80W

sulfur

Bacillus spp.

sulfur

copper hydroxide, copper metallic equivalent 40%
copper ammonium carbonate, copper metallic equivalent 8%
copper sulphate pentahydrate, copper metallic equivalent 5.5%

synthetic latex and organosilicone

Table 2. Effect of sulfur application on foliage nutrient levels. 2002 foliage sprayed in
June, 2002, collected and analyzed Nov, Dec 2002. Summary of all study sites (Oregon:
ODF, Starker, Simpson. Washington: 'WSU/Rayonier). Twofactor ANOVA. Bold indi-

cates significant a p < 0.05.

Sulfur Treatment

2002 Foliage Spray No Spray

Response mean SD mean SD P

S percent 0.044 0.015 0.026 0.008 0.0000
SO,-Sppm  240.07 160.51 100.94 86.20 0.0000
N percent 1.71 0.248 1.65 0.196 0.0483
P percent 0.169 0.053 0.146 0.041 0.0000
K percent 0.780 0.159 0.772 0.169 0.7605
Ca percent 0.278 0.082 0.219 0.051 0.0000
Mg percent 0.126 0.041 0.110 0.030 0.0005
Fe ppm 50.50 17.15 53.70 11.60 0.0309
Mn ppm 117.71 26.68 106.63 33.04 0.0024
Zn ppm 13.21 4.69 11.27 4.24 0.0005
B ppm 21.53 7.38 18.95 6.02 0.0058
Cu ppm 476 1.06 4.45 0.93 0.0627
C percent 53.05 1.39 52.99 1.39 0.7516




Table 3. Effect of sulfur application on foliage nutrient levels. Foliage

sprayed in June, 2002, and June, 2003. Foliage from the 2002 and
2003 internodes was collected and analyzed Nov, Dec 2003. Sum-

mary of all study sites (Oregon: ODF, Starker, Simpson. Washington:

WSU/Rayonier). Two-factor ANOVA. Bold indicates significant a p <

Table 4. Comparison of P. gaeumannii infection index (inci-
dence x severity) in sulfur sprayed vs. unsprayed one-year-old
foliage (2002 foliage collected June 2003 and 2003 foliage
collected June 2004) at Oregon sites. Significance levels are
for a two-sample ttest comaprison of NFX means (sulfur vs.

0.05. check) for 2002 foliage.
2002 Foliage Sulfur Treatment Site

Spray No Spray 2002 Foliuge Sulfur  Check Difference p
Response mean SD mean SD p Starker 10yr-old 0.003 0.0696 0.067 0.001
S percent 0.20  0.02 0.13  0.01 0.000 Starker 20yr-old 0.001 0.1216 0.121 0.001
SO,-Sppm  326.82 84.67 98.61 94.27 0.001 Simpson 10yrold 0.073 0.1766 0.103 0.009
N percent 1.68  0.07 1.62 024 0514 Simpson 25yrold 0.029 0.1067 0.078 0.023
P percent 0.17  0.04 0.14 003 0235 ODF W Oregon 18 yrold 0.001  0.0479 0.047 0.001
K percent 075 021 071 014 0730 ODF Tilamook 0011 0.1128 0.102 0.001
Ca percent 0.38 0.08 0.35 0.09  0.503 -
Mgpercent  0.12 001 0.10 002 0014 2003 Foliage
Fe ppm 58.34  23.10 5228 1410 0595  Starker 10yrold 0 0.002  0.002 0.007
Mn ppm 120.25 30.01 114.01 3094 0.730 Starker 20yr-old 0 0.021 0.021 0.180
Zn ppm 975 233 970 213  0.967 Simpson 10yrold 0.01  0.133 0.123 0.004
B ppm 2037 496 18.29 534 0499 Simpson 25:yrold 0 0.070 0.070 0.025
Cu ppm 345 052 3.16 061 0391 ODF W Oregon 18yrold 0 0.007 0.007 0.002
Cpercent  51.97 057 5224 0.4 ODF Tilamook 25yrold  0.002 0.018 0.016 0.010
2003 Foliage Sulfur Treatment

Spray No Spray
Response mean SD mean SD P
:Cl)’;r;:':m 27?;; ”22: 92::’ 9322 gg?g to more than 0.1 fo.r the two Starker Forests plot
N percent 166  0.10 169 020 0734  Pairs. For 2003 foliage differences were some-
P percent 0.17 0.3 0.16 003 0443  what smaller, 0.002-0.123 (Table 4). Incidence
K percent 069 0.17 074 0.0 0604  of infection, the proportion of needles bearing
Ca percent 0.34  0.09 028 004 0.134  at least one pseudothecium, was reduced for all
Mg percent 014 003 012 001 0134 yreated plots except the Simpson Timber Co. 10-
'F\:np;’;nm 1832? gg?st g?g? ]Zj? 8;;‘31' year—olo! plot pa.ir ip 2003. Fgr the 2003 foliage,
Zn ppm N1 270 1184 238 0631 comparison of incidence of infection across all
B ppm 19.84 338 20.69 354  0.68] sites by ANOVA showed a significant reduction
Cu ppm 3.65 036 3.76 0.46 0678 in infection for the sulfur treatment (p<0.002,
C percent 51.90 0.68 51.80 0.38 data not shown).

age for all plot pairs except the
Starker 20 year old site in 2004.
Infection levels in foliage from
the untreated check were low at
this site compared to the previous
year (Table 4, Figure 2). For the
2002 foliage, the magnitude of
the differences in overall infection
index varied from about 0.05 for
the ODF No Womans Land site

Sulfur application also significantly reduced
P. gaeumannii infection at the Washington sites.

Disease ratings for one- and two-year-old foliage were analyzed for
the Washington site in 2003. As expected, there was no difference
between sprayed and unsprayed foliage for the 2001 foliage sampled
in spring 2003. For the 2002 and 2003 foliage, however, infection by
P. gaeumannii was significantly reduced (Table 5). Incidence of infec-
tion in the 2002 foliage sampled in 2003 was reduced (0.7 vs. 8.8).
For the same needle cohort sampled in 2004, incidence of infection
was 2.9 in the treated, 10 (100%) in the untreated. For 2003 needles
sampled in 2004, incidence of infection was 0.3 for sprayed trees and
4.9 for unsprayed (data not shown).
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Figure 1. Comparison of incidence of infection in one-year-old foliage from sulfur

sprayed and unsprayed stands in the Oregon Coast Range.
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Figure 2. Comparison of infection index (NFX) for one-year-old foliage from sulfur

sprayed and unsprayed stands in the Oregon Coast Range.

2002 Fungicide screening
trial (DF 102)

Only two of the treatments
(Kocide @ 2|b and Daconil Weath-
erStik) significantly reduced the
overall level of disease compared
to the unsprayed check (Table 2).
These werealsothe only two treat-
ments that significantly reduced
the incidence of needles with
pseudothecia (Data not shown).
Only a limited amount of needle
loss was evident on the samples
and there were no differences
between treatments. Although
most treatments had no effect on
needle color, needles on trees
sprayed with Kop-R-Spray had
significantly poorer color than the
needles on the unsprayed checks
(Table 5).

Data from this trial confirms
the effectiveness of a single ground
based application of Daconil
in controlling SNC, particularly
under relatively low disease pres-
sure. Of the other materials tested,

Table 5. Comparison of disease ratings in
sulfur sprayed vs unsprayed one-year-old
and two-year-old foliage collected in June
2003 and June 2004 from the Washington
site. Age class 2001 needles were one
year old when the sulfur sprays were ap-

plied in June 2002,

P value
Disease Index ~ Sprayed Check  (Hest)
2003 Sample
2001 needles  34.8 36.4 0.886
2002 needles 0.7 13.1  0.001

2004 Sample

2001 needles  38.1 40 ns
2002 needles 54 289 s
2003 needles 0.3 5.6 sd

Table 6. Effect of a single application of fungicide in 2002 on the development of Swiss

needle cast in 2003.

Product per Disease Needle Needle
Treatment! 100 gallons index? loss? color?
QRD 131 AS 3 gal 140 a 0.1a 2.4ab
Check 13.0ab 0.1a 1.7 be
Phyton 27 25 0z 11.7 abc 0.1a 2.6 ab
Kop-R-Spray 2 qgts 9.5 abe 00a 28a
Thiolux 80W 60 lbs 9.2 abc 02a 2.0 abc
Kocide DF 4 |bs 8.3 abc 00a 2.3 abc
Thiolux 80W 90 Ibs 7.2 be 0.0a 1.6 be
Kocide DF 2 lbs 57 cd 00a 2.0 abc
Daconil WeatherStik 720 5.5 pts 0.2d 00a 1.3¢

! Each treatment was applied to a single randomly selected tree in each of 10 blocks on May 31.

2002 and the foliage was sprayed to wet.

2 Disease index and needle color/loss data are for samples collected on March 10, 2003. Numbers

in columns followed by the same letter are not significantly different, P=0.05, DMRT.



Kocide appears tobe an additional
fungicide that may have the po-
tential to control SNC. However,
additional studies are needed to
obtain a better understanding of
optimal rates and the effect of mul-
tiple applications of this material
on disease development.

DiscussION

Elemental sulfur is one of the
oldest known pesticides. Its use to
control plantdiseases dates from at
least 1800, although its pesticide
properties were known as early as
1000 B.C. (Tweedy 1969). Sulfur
is currently registered by the U.S.
Environmental Protection Agency
for use as an insecticide, fungi-
cide, and rodenticide on several
hundred food and feed crop, orna-
mental, turf and residential uses.
Itis also used as a fertilizer or soil
amendment. Sulfur is applied in
dust, granular or liquid form, and
is an active ingredient in numer-
ous registered pesticide products
(Thomson 1993). Although it has
long been used for control of
fungal diseases, its mode of action
against fungal cells is not fully
understood. Itis generally thought
that sulfur interferes with oxida-
tive phosphorylation (respiration)
by acting as an electron acceptor
from cytochromeB, thus interrupt-
ing the mitochondrial electron
transport chain (Tweedy (1969). It
is generally used as a protectant
or contact fungicide, i.e. it has
no systemic or eradicant activ-
ity. Elemental sulfur has recently
been reported to be produced by
some plants as defense responses
to infection by pathogenic fungi
(Williams and Cooper 2004).
Elemental sulfur was inhibitory
to P gaeumannii ascospore ger-

mination and germ hypha growth
at relatively high concentrations
(Stone et al 2000).

Aerially applied elemental
sulfur significantly reduced P.
gaeumannii infection in treated
foliage in both 2002 and 2003.
Overall infection levels in the
study sites were somewhat lower
in 2003, even in the untreated
plots. Infection levels were much
lower in the treated plots in 2003,
probably reflecting reduced
inoculum levels from the treat-
ment of the previous year. Sites
that had relatively high infection
levels in 2003, such as the ODF
Kansas Creek and Simpson 10-yr-
old stand had very low infection
levels in the sulfur treated plots
in 2004.

Results of this study suggest
thataerially applied elemental sul-
fur could be effective in reducing
foliage infection by P gaeumanii
in forest plantations, and may be
a useful tool for SNC manage-
ment. In addition to its effect
in reducing foliage infection by
P gaeumannii, elemental sulfur
also increased foliage content of
several elements, suggesting that
it is also acting as a nutritional
supplement. As expected, foliar
content of SO, sulfur was higher
in the treated plots, but higher
levels of P, Ca, Mg, Mn, and B in
thetreated foliage in 2003 suggest
that uptake of these elements may
have been increased by sulfur ap-
plications.

Whether of not elemental
sulfur will be of operation use will
require further investigation and
longer term study. The prohibitive
expense of fungicide application
has generally precluded their use
for control of foliage diseases in
forest plantations. A cost benefit

model taking into account plan-
tation age, growth differential,
fungicide application costs etc
would be helpful to managers
considering whether or not to in-
vest in chemical control of SNC.
A further consideration is that
residual effects of fungicide treat-
ment appear to be relatively short
term. Phaeocryptopus infection
levels were significantly reduced,
and needle retention increased
after five consecutive years of
chlorothalonil fungicide spray in
a coastal Douglas-fir plantation.
However, infection levels quickly
returned to pretreatment levels
after cessation of spray treatments,
and infection levels between fun-
gicide treated and untreated plots
were notsignificantly differenttwo
years after the final fungicide ap-
plications (Stone etal, 2003). This
suggests that fungicidal control of
SNC can only be accomplished
by continued fungicide applica-
tion throughoutarotation. Unless
increases in growth following con-
trol of SNC persist over a longer
period of time, this suggests that
the use of fungicides to control
SNC will probably not be cost
effective. Additional research is
needed to determine the effects of
sulfur fungicide sprays on growth
and how long increases in growth
rates persist following the cessa-
tion of applications.
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GrowtH REsPONSES T0 SULFUR APPLICATION IN
Douctas-FIr StANDS wiTH Swiss Neeote Cast

Doug Maguire, OSU; Jeff Stone, OSU,; Doug Mainwaring, OSU
Mark Gourley, Starker Forests; Alan Kanaskie, ODF; and Charley
Moyer, Green Diamond

ABSTRACT

Sulfur applications were tested on five pairs of plots in Oregon,
one plot of each pair serving as control and the other plot receiv-
ing aerial application of micronized sulfur. No treatment effects
on either basal area growth or height growth could be detected by
analysis of variance. Introduction of stand density and initial height
as covariates did not help to detect sulfur treatment effects.

INTRODUCTION

Sulfur has shown to offer some potential for ameliorating Swiss
needle cast after recent operational applications. An experiment
was initiated in spring of 2002 to test the effect of aerial applica-
tion of sulfur on Swiss needle cast symptoms, the abundance of
the causal fungus, and the growth of Douglas-fir (see Stone et al.
2004; this SNCC Annual Report; Control of Swiss needle cast in
forest plantations by aerially applied elemental sulfur fungicide).
The objective of this report is to present the results for tree growth
during the first two years of sulfur application (2002-2003).

METHODS

Experimental units were 5-ac units selected as a pair, with one
unit serving as control and the other treated by aerial application
of micronized sulfur (Stone et al. 2004). Within each experimental
unit, a 0.5-ac measure plot was established. All trees were tagged
and measured for dbh (nearest 0.1 cm) before the growing season
in 2002, and a subsample of at least Douglas-fir trees was measured
for total height and height to crown base (nearest 0.1m). The ex-
perimental units were then treated aerially with micronized sulfur,
twice during June in each of the two growing seasons. After the
second growing season, the 0.5-ac plots were remeasured. Basal
area growth and height growth were tested by analysis of variance
and analysis of covariance. Five plot pairs established in the Coast
Range of Oregon were available for analysis.
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ResuLts AND DISCUSSION
Analysis of variance showed no signifi- 121 Egﬁ;ﬁfl
cant basal area or height growth response < 10
to the sulfur applications (Fig. 1). Three 2
of the five installations analyzed showed G .
positive basal area growth response to 8
sulfur and two showed a negative response % 61
(Figs. 2-3). Height growth response was a §
bit more consistent, with positive response .
on 4 installations and negative response 2.
on another. Analysis of covariance with
initial basal area and initial height as 0 1 ) 5 " S

the covariates for basal area growth and
height growth, respectively, produced
similar results in that no treatment effects
emerged. Because arelatively short period

Block

Figure 2. Basal area growth for treated and untreated plot at each installation.
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Figure 1. Mean basal area growth and height growth
for the five Oregon sulfur sites.



Errects oF VeGETATION MANAGEMENT AND
FertiLization o Douctas-FIR GRowTH AcRoSS A
GrADIENT OF Swiss Neepte Cast

Robin Rose and Lee Rosner

INTRODUCTION

This study was designed to evaluate the potential to increase
vigor and growth of Douglas-fir saplings in areas affected with
Swiss needle cast (SNC) through vegetation management and/or
fertilization. Severely infected Douglas-fir saplings typically cast
off many of their second- and third-year needles, which increases
penetration of sunlightto the forest floor. Increased light penetration
can increase competing vegetation cover, which has the potential
to further suppress growth. The role of site fertility, particularly
nitrogen levels, in SNC pathology is poorly understood. This study
was initiated to better understand the potential to enhance growth
and/or reduce disease incidence in Douglas-fir saplings through
vegetation management and fertilization.

MATERIALS AND METHODS

This study was installed in 1999 on six-year-old Douglas-fir
plantations at three different sites across an east/west transect of
the Oregon Coast Range. The coastal site (South Drake) is located
between Toledo and Siletz (Plum Creek Timber Co). The second
site (Bushy Peterson) is midway between the coast and the Wil-
lamette Valley near Eddyville (Starker Forest Inc.). The third site
(Summit) is on the western valley fringe near the town of Summit
(Starker Forest Inc.).

Experimental Design and Treatments

At each site the study was installed as a randomized complete
block design with four or five replicate blocks. The six treatments
were structured as a 2 X 3 factorial with two levels of weed control
and three levels of fertilization. Each treatment plot was 70 X 70 ft
encompassing 25-35 operationally planted trees; the center-most
15 trees were evaluated.

The two vegetation control treatments were:

1) No control

2) Control of all competition for three consecutive years. Weeds
were removed by slashing existing vegetation with chainsaws
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followed by an application of
sulfometuron and glyphosate
in fall of 1998. Additional
spring and fall applications
of glyphosate were used to
maintain vegetation-free con-
ditions through spring 2002.

The three fertilization treat-
ments were:
1) No Fertilization

2) Low N fertilization— In fall
of 1999, and spring and fall
of 2000, 400 grams of a con-
trolled-release Simplot fertil-
izer (9-17-17) was applied
to each tree. In spring and
fall of 2001 the fertilizer rate
was increased to 550 grams
per tree and the fertilizer used
changed to a soluble blend
matching the formulations
used previously. Over the
three years of the study the ap-
proximate amountof fertilizer
that has been applied is 3120
Ibs/acre for a total N applica-
tion of 280 Ibs N/acre.

3) High N fertilization— In fall
of 1999, and spring and fall
of 2000, 400 grams of a con-
trolled release Simplot fertil-
izer (18-17-17) was applied
to each tree. In spring and
fall of 2001 the fertilizer rate
was increased to 550 grams
per tree and the fertilizer used
changed to a soluble blend
matching the formulations
use previously. Over the three
years of the study the approxi-
mate amount of fertilizer that
has been applied is 3120 Ibs/
acre for a total N application
of 561 Ibs N/acre.

Data Collection
Growth

Initial diameter atbreast height
(DBH) and height were measured
in May 1999. Measurements were
repeated in October 1999, 2000
and 2003.

Needle Retention

In April 2004 need|le retention
was evaluated across all study
trees. Retention was evaluated on
two well-exposed secondary lat-
eral branches (defined as branches
originating directly from a “side”
branch, which is itself originating
from the main trunk of the tree)
approximately five whorls from
the top of the tree.

Foreach branch, needle reten-
tion was estimated for each of the
past four years of shoot growth
(each of the four internodes pro-
duced between 2000 and 2003)
as the percentage of needles re-
maining on the branch (relative to
atypical recently flushed branch),
according to the following “0 to
9” scale:

0=0 to 10 percent of needles
present

1=11 to 20 percent of needles
present

2 =21 to 30 percent of needles
present...

9= 90 to 100 percent of needles
present

For each tree the two sets of
ratings from the two branches were
averaged to create a single reten-
tion rating for each of the last four
years of growth for each tree.

Pseudothecia Counts

Phaeocryptopus gaeumannii
pseudothecia are being counted

on needles of five randomly se-
lected trees in each treatment plot
at all three sites. Results of this
analysis are not yet complete.

Foliar Nutrition Analysis

Although results of this analy-
sis are not complete at the time of
this report and are not presented,
foliar nutrient analysis was con-
ducted on “Vegetation Control/No
fertilization” and “No Vegetation
Control/ No Fertilization” treat-
ment combinations at the South
Drake site. For each treatment 3
trees in each of 3 blocks were
randomly chosen for analysis.
For each sample tree, branches
were sampled at 3 heights in the
tree and 3 age classes of needles
were sampled from each height.
This rigorous procedure should
allow us to detect any changes
in allocation of nutrients among
the various age classes of needles
as well as to evaluate variability
in nutrient content as a result of
sampling procedures.

Statistical Analysis

Analysis of covariance was
used to detect differences in vol-
ume, DBH, and height growth due
to fertilization and/or vegetation
control treatments. The 1999 mea-
surement of the same parameter
was used as the covariate. Height:
diameter ratio and the average of
3- and 4-year old needle reten-
tion ratings were analyzed using
analysis of variance.

REsuLTs

Summary— Vegetation con-
trol increased volume growth at
both the Bushy Petersen and South
Drake sites and increased DBH



growth at all three sites. Fertiliza-
Table 1. Main effect means and standard errors for volume, DBH, height and height:

tion increased volume growth at
& diameter ratios for trees measures in 2003 at Swiss Needle Cast Sites. Means within a

the South D’take site, but only parameter and treatment type labeled with the same letter are not significantly different
when vegetation control was not (alpha=0.05).

applied. Vegetation control led to

reductions in the height: diameter Fertiization Weed Control
ratio all three sites. Site Parameter Level Mean  SE level Mean SE
Fertilization decreased needle ~ Summit Volume (dm3)  highN  61.6a 1.8 no 59.5b 1.6
retention in a rate-dependent lowN  61.7a 1.8 yes 63.6a 1.6
fashion; increasing nitrogen ad- no 61.3a 18
ditions from O Ibs/acre to 280 DBH (cm) highN - 14.9a 0.3 no 14.4b 0.2
Ibs/acre to 561 Ibs/acre reduced lowN  14.9a 0.3 yes 153a 02
needle retention with each addi- no 1470 0.3
Height (cm) highN' 845.0a 6.9 no 856.8a 5.6

tion, for data averaged across all

) . lowN 7.9 .9 2.2 .
sites. Vegetation control reduced owN  837.9a 6 yes 832.2b 5.6

no 850.5a 6.9

needle-retention only at the Sum- HD highN  57.4a 1.3 o 601a 12

mit site. lowN  56.8a 1.3 yes 549b 1.2
no 5830 1.3

Tree Growth Bushy Peterson  Volume ([dm3)  highN  74.8a 3.7 no 693b 35

. lowN 76.6a 3.7 yes 8l.1a 3.5
Site Effects o 7410 37

Trees at Bushy Petersen have DBH (cm) highN 1540 0.4 no 147b 04
grown significantly faster than lowN 15.7a 0.4 yes 162a 04
trees at South Drake or Summit. no 1530 04
Mean individual tree volume Height (cm) highN  944.9a 10.5 no 941.4a 94

. lowN 943.0a 10.5 yes 947.1a 9.4
3
measured in 2003 was 75.1 dm o 04480 105

at the Bushy Petersen site, 66.8 H:D highN  62.4a 1.7 o 6540 1.6
dm? at South Drake and 61.6 dm? lowN  61.1a 1.7 yes 59.3b 1.6
at Summit. no 63.4a 1.7
Treatment Effects South Drake ~ DBH (cm) highN  15.5a 0.2 no 150b 0.2
lowN  16.0a 0.2 yes 163a 0.2
Stem Volume no 15.4a 0.2
Vegetation control was the Height (cm) highN 828.8a 8.4 no 832.4a 7.4

lowN 843.2a 8.2 yes 841.6a 7.6

only factor significantly influenc- o 8380a 81

ing volume growth at the Summit HD highN  540a 0.8 o 565a 07
and Bushy Petersen sites, whereas lowN  54.0a 0.8 yes 52.4b 07
both fertilization and vegetation no 55.5a 0.8

control and the interaction of

S Fert./ Weed Control Treatment Level Mean ~ SE
both factors significantly affected /

volume at South Drake (a=0.05). Volume (dm3) Lo'w N + Veg. Control 72.3a 2.4
At Summit and Bushy Peterson High N + Veg. Control /19a 24

. y No Fert. + Veg. Control 717a 2.4
vegetation control increased Low N + No Veg. Confrol 67 50 2.4
2003 volumeby 6.9% and 17.0% No Fert. + No Veg. Control 599b 2.4
respectively (Table 1). At South High N + No Veg. Control 577b 24

Drake fertilization had no effect

on volume when vegetation con-
trol was applied. In the absence
of vegetation control, however,



the low nitrogen treatment improved growth to
levels nearly equivalent to those attained through
vegetation control.

DBH

Vegetation control significantly increased DBH
growth at all three sites, while fertilization had no
effect on DBH growth at any site (Table 1). The
improvement in DBH due to vegetation control
was 10.2%, 8.7% and 6.3% at the Bushy Petersen,
South Drake and Summit sites, respectively.

Height

Vegetation control significantly reduced height
growth by 2.9% at the Summit site (Table 1). This
reduction in height growth at Summit accounts for
the lack of a vegetation control effect on volume at
this site, in light of the fact that vegetation control
increased DBH growth.

Height: Diameter Ratio

Vegetation control reduced the height to diam-
eter ratio at all three sites, while fertilization had no
effect at any site (Table 1). As a result of vegetation
control, the ratio fell from 65.4 to 59.3 at Bushy
Petersen, from 56.5 to 52.4 at South Drake and
from 60.1 to 54.9 at Summit.

Needle Retention

There were few obvious differences among sites
or treatments in retention of one- and two-year-old
needles (Table 2). Retention of both 3-and 4-year-old
needles varied among sites as well as treatments.
Whether analysis was carried out on retention
of three-year-old needles, retention of 4-year-old
needles or retention of both 3- and 4-year old
needles (averaged), results did not differ significantly.
Analysis of retention across both 3- and 4-year-old
needles (averaged) is presented here.

Needle retention varied among the study sites.
Needle retention was higher at Summit (3.97) and
Bushy Peterson (3.93) than at South Drake (3.02).
Retention was not significantly different between
the Summit and Bushy Peterson sites.

Averaged across study sites, increasing rates of
nitrogen fertilization decreased needle retention
(Table 3). The pattern of reduced retention with
increasing rate of N fertilization was statistically

Table 2. Main effect means and standard errors for retention of
1-4-year-old needles. Each annual needle compliment was rated
on a scale of 0-9, 0=no needles retained, 9=all needles retained.

Needle Mean Standard
Effect Level age Rating Error
Site Summit 1-yr-old 8.97 0.02
2yrold 8.47 0.08
3-yrold 6.08 0.20
4-yrold 1.78 0.19
Bushy 1-yr-old 8.99 0.00
2yrold 8.58 0.06
3yrold 5.94 0.24
4-yrold 1.44 0.15
Drake 1-yr-old 8.98 0.01
2-yr-old 8.28 0.08
3-yrold 4.48 0.28
4-yrold 0.90 0.14
Fertilization highN 1-yr-old 8.99 0.00
2yrold 8.28 0.09
3yrold 4.63 0.28
4-yrold 1.05 0.16
lowN 1-yr-old 8.97 0.02
2-yrold 8.43 0.06
3yrold 553 0.26
4-yrold 1.26 0.14
none 1-yr-old 8.97 0.01
2yrold 8.59 0.07
3yrold 6.25 0.22
4-yrold 1.79 0.20
Weed yes 1-yr-old 8.98 0.01
Control 2yrold 8.37 0.07
3-yrold 5.19 0.23
4-yrold 1.26 0.13
no 1-yr-old 8.98 0.00
2-yrold 8.50 0.06
3yrold 576 0.22
4-yrold 1.47 0.16

significant at the Bushy Peterson and South Drake
sites. Fertilization did not significantly affect re-
tention at the Summit site, although there was a
non-significant trend of reduced retention with
increased N fertilization.

On the other hand, there was no significant
effect of vegetation control on needle retention
averaged across sites as well as at Bushy Peterson
or South Drake. At Summit vegetation control did
affect needle retention, with weed control reducing
average retention from 4.5 to 3.4 (Table 3).



Table 3. Needles retention means and standard errors by site and treatment for each Swiss
Needle Cast study site and pooled sites. Needle retention means represent an average of
retention ratings for 3- and 4-year-old needles. Means within sites and treatments labeled
with the same letter are not significantly different (alpha=0.05).

Weed Retention

Fertilization Refention Standard ~ Control  Mean  Standard
Site level  Mean (09)  Error Level (0-9) Error
Pooled sites highN 3.07 ¢ 022 no 379 a 0.19
lowN 3.63b 0.22 yes 344a 019
none 415a 022
Summit highN 375a 032 no 4500 029
lowN 390a 0.32 yes 344b 029
none 426 a0 0.32
Bushy Peterson highN 330b 0.26 no 387 a 0.22
lowN 417 a 026 yes 398a 0.22
none 431 a 026
South Drake highN 222 ¢ 024 no 3.03a 021
lowN 292b 024 yes 301a 021
none 393a 024
across fertilization treatments)
DiscussION

The goal of this study was two-
fold, 1) to evaluate the potential
to increase vigor and growth of
Douglas-fir saplings in areas af-
fected with Swiss needle cast
and 2) to evaluate the effect of
fertilization and vegetation control
ondisease incidence. Atthis point
some clear answers are emerging
regarding the first objective, but
wearesstill awaiting some analyses
thatmay shine light on the second
objective, which is clearly more
difficult to evaluate.

Five years after the initiation
of treatments, fertilization appears
to have had no effect on volume
growth, except at South Drake,
where the lower rate of nitrogen
increased growth, but only in the
absence of vegetation control.
Controlling competing vegeta-
tion, on the other hand, increased
volume growth at all three sites.
Vegetation control (averaged

increased 2003 volume by 6.9%
at Summit and 17.0% at Bushy
Peterson. Vegetation control (in
the absence of fertilization) in-
creased 2003 volume by 19.7%
at South Drake.

Vegetation control reduced
the height: diameter ratio at all
three sites. Decreased height:
diameter ratios have been as-
sociated with increased vigor in
Douglas-fir (Cole and Newton,
1987), although the ratios in all of
our treatments were much lower
than those that have been associ-
ated with decreased heightgrowth
potential. Currentsize differences
and possibly differences in growth
form resulting from vegetation
control treatments should lead
to further separation of treatment
means in future years.

Growth improvements result-
ing from vegetation control may
be independent of Swiss Needle
Cast occurrence in these planta-

tions. Vegetation control in any
six-year-old plantation with a
significant presence of competing
competition is likely to improve
growth.

Given that needle retention in
Douglas-fir has been associated
with Swiss Needle Cast disease
severity (Maguire et al. 2002), it
seemsfairto concludethatreduced
needleretention atthe South Drake
site indicates the disease is most
severe at that site. We are awaiting
results of pseudothecia counts to
confirmthisobservation. However,
reduced retention due to increas-
ing rates of nitrogen fertilization
at two sites and vegetation control
at one site does not necessarily
indicate that these treatments had
any effect on disease severity. The
clear reduction in needle reten-
tion due to N fertilization rate
may be a direct result of increased
nutrient availability to pathogens
established on needles, but results
of pseudothecia evaluations are
needed to provide evidence that
supports or refutes this hypothesis.
Alternatively, fertilization may have
created foliar nutrient imbalances
leading to poor needle retention
independently of any pathogenic
response.
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Deveropment of New Equations Using Dara
FROM THE GROWTH ImPACT, PRE-COMMERCIAL
THiNNING, AND COMMERCIAL THINNING STUDIES

Aaron Weiskittel and Doug Maguire, OSU

INTRODUCTION

Validation is an important aspect of forest modeling, but it is
often difficult to accomplish because of the lack of large, indepen-
dent datasets. Validation becomes particularly important when the
model is applied to novel situations for which it was not parameter-
ized such as the Swiss needle cast (SNC) epidemic in the Oregon
Coast Range. Swiss needle cast has a great potential to drastically
increase growth model projection biases because it significantly
modifies Douglas-fir crown structure and dynamics (Weiskittel
2003), which the commonly used ORGANON is quite sensitive
to. This may require the development of new growth equations
that incorporate the effects of SNC.

This study projected 5-yr growth for the growth impact study
(GIS) plots and compared it to actual estimates from the inventory
data. In addition, preliminary 5-yr diameter growth, height incre-
ment, and mortality equations as well as a static height to crown
base model were developed, which all incorporate variables rep-
resenting SNC severity.

METHODS

Growth comparisons

The 75 plots that now comprise the SNCC GIS network were
used in this simulation (Table 1) and the SMC variant of ORGA-
NON was selected as the most appropriate model for this particular
region. Since the plots are measured on a 2-yr cycle and ORGA-
NON runs on a 5-yr cycle, tree dimensions in the fifth year were
assumed to be the mean of the measurements taken in the fourth
and sixth years of the study. Comparisons between actual and
predicted values were made using a simultaneous F-test (Yang et



Table 1. Attributes of the 75 plots used in this analysis.

Variable Mean STD Min Max

DF 5-yr basal area growth 70.52 31.34 3.25 134.33
DF stems/ha 566.41 240.00 86.45 1482.00
DF basal area (m? ha'') 25.96 9.52 219 48.32
DF QMD (cm) 24.80 6.27 7.26 37.69
Stand basal area (m? ha'!) 32.78 9.68 2.55 53.11
Average BH age (yr) 20.45 497 11.9 34.9

Average foliage retention (yr) 2.42 0.45 1.47 3.61
Average crown sparseness 6.19 219 3.14 14.38
Site index (Bruce 1981) 40.28 5.83 16.90 60.30
Top height (m) 17.29 4.03 4.85 29.65
Relative density (Curtis 1982) 6.80 1.88 0.92 10.46
Stand density index (Reineke 1933) 669.66 185.18 80.80 1031.22
Distance from coast (km) 15.26 7.31 0.96 31.87

al.2004).Thistestis essentially de-
signed to evaluate the regression
¥, =b, + by, bytestingb =0and
b,=1 simultaneously and is one
of the most widely used tests for
model validation. Comparisons
were made at both the stand and
individual tree levels. Mean plot
biases were then regressed on sev-
eral stand variables to determine
influential factors.

Model development

Growth models presented in
Hann et al. (2003) were initially
fitted tothe dataand SNC variables
such as crown sparseness index
(CLSA)andfoliage retention (FOL-
RET) were then included into the
equation. The models were fitted
using maximum likelihood with
the inclusion of random effects
and a first-order autoregressive
error structure to account for the
repeated and longitudinal nature
of the dataset. Since Hann et al.
(2003) did not detect an effect of
a single thinning on mortality, all
data, including the PCT and CT
datasets, was used for this par-
ticular model (table 2).

For all other models, only
the GIS, and PCT and CT control
plots were used. Five-year height

growth increment was mod-
eled using the form presented
in Hann and Ritchie (1986) as it
had the lowest mean squared er-
ror (MSE) of several model forms
for even-aged Douglas-fir (Hann
and Ritchie 1988) and requires
significantly fewer parameters
than the model presented in Hann
et al. (2003).

Table 2. Attributes of the modeling datasets (GIS=growth impact, PCT=pre-commercial thin-
ning, and CT=commercial thinning) used in this analysis.

Variable Mean STD Min Max
Height to crown base (n=16193; GIS, PCT, CT)
DBH (cm) 21.93 9.69 0.90 105.40
HT (m) 15.98 6.45 1.63 53.38
HCB (m) 4.99 4.67 0.00 35.55
CCFL (m?® ho"] 39.21 24.06 0.00 126.51
CLSA,; [cm?/cm) 7.12 1.40 1.90 10.39
BAPH (m3 ha“) 29.91 13.31 5.99 76.78
Sl (m) 39.59 6.44 16.6 64.6
FOLRET (yrs.) 2.43 0.58 1.01 4.30
5-yr diameter growth (n=4898; GIS, PCT)
DBH (cm) 17.14 6.91 0.90 55.00
HT (m) 11.93 4.33 1.43 31.28
CR 0.82 0.12 0.26 0.99
ADBH (cm) 411 2.41 1.5 18.85
CLSA (cm?/cm) 6.79 2.24 0.18 27.19
BAL (m®ha) 11.26 8.16 0.00 50.26
Sl (m) 43.53 6.96 13.40 64.60
BAPH (m? ha') 21.45 10.36 5.99 50.36
CLSA,, cm?/cm) 5.08 1.83 2.24 10.92
5-yr height increment (n=3327; GIS, PCT)
DBH (cm] 18.36 7.24 0.90 55.00
HT (cm) 12.47 4.38 1.63 31.28
CR 0.82 0.12 0.29 0.99
AHT (m) 3.86 1.19 1.01 9.55
CCFL (m®ha')
CLSA (cm?/cm) 6.54 2.38 0.18 27.19
Sl (m) 43.55 7.02 13.40 64.60
FOLRET (yrs) 2.36 0.38 1.07 3.20
5-yr mortality rate (n=8732; GIS, PCT, CT)
DBH (cm| 20.89 1.11 0.10 97.50
CR 0.72 0.26 0.29 0.99
CLSA (cm?/cm) 6.99 2.68 1.01 90.69
BAL (m®ha') 13.19 13.46 0.00 75.12




REsuLTS
Stand

A significant difference be-
tween actual and predicted stand
volume growth existed (p<0.0001;
Figure 1).

ORGANON tended to over-
estimate stand volume growth by
29.7% (mean=-20.09 m*ha’', min
=-81.57m*5ha', max=27.28 m’
ha'). The amount of bias tended

to increase with stand quadratic
mean diameter (QMD; p=0.0014)
and foliage retention (FOLRET;
p=0.0133), and decreased with
site index (SI; p=0.0003) and
stand mean breast height age
(AGE,,; p=0.0009). Compared to
an average stand with low SNC
(FOLRET=3.65), the mean bias in
stand volume growth increased
100.4% for an average stand with
high (FOLRET=1.65) SNC.
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Figure 1. Biases in 5-yr stand volume growth.

Graph A (top) is actual over ORGANON

predicted 5-yr stand volume growth, while graph B (bottom) is bias (actual-predicted)

over mean stand foliage retention.

Individual tree

A significant difference exist-
ed between actual and predicted
5-yr diameter growth (p<0.0001),
heightincrement (p<0.0001), and
crown recession (p<0.0001; Fig-
ure 2). Mean 5-yrbias was-0.90 +
5.29cm,-57.01+438.39cm, and
-7.77 + 287.75 cm for diameter
growth, height increment, and
crown recession, respectively.
Mean stand diameter growth bias
increased with QMD (p=0.0081)
and FOLRET (p=0.0046), while it
decreased with stand mean breast
heightage (AGE,,; p<0.0001) and
site index (SI; p<0.0001; Bruce
1981). Mean stand height incre-
mentbias increased with distance
from the coast (COAST; p=0.0102)
and FOLRET (p=0.0229). The
bias decreased with QMD
(p=0.0479), percent Douglas-fir
basal area (PBA,; p=0.0046), and
Sl (p=0.0030). Bias in mean stand
crown recession increased with
the cosine transformation of slope
and aspect (ASP1; (% slope)*cos
ine(2n*(aspect/360)); p=0.0042),
while it decreased with QMD
(p=0.0002), PBA_. (p<0.0001),
percent western hemlock basal
area (PBA,,; p=0.0007), and the
crown sparseness index (CLSA;
p=0.0033) calculated using the
sapwood taperequation presented
in Weiskittel (2004). Compared to
an average stand with low SNC
(FOLRET=3.65, CLSA=6.12),
mean bias increased 107.8, 88.0,
and 87.7% for diameter growth,
height increment, and crown
recession, respectively, for an
average stand with high (FOL-
RET=1.65, CLSA=5.42) SNC.
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Figure 2. Biases occurred at the individual tree level.
Graphs A (top), B (middle), and C (lower) are 5-yr diam-
eter growth, height increment, and crown recesion biases,
respectively, over mean stand foliage retention. The black
solid lines are si=moothed trend lines fitted to the data.

SNC models

Height to crown base

Both plot mean FOLRET (p=0.0014) and
CLSA (p<0.0001) showed a significantrelation-
ship with height to crown base after accounting
for height (HT; p<0.0001), plot crown competi-
tion factor (CCFL; p<0.0001), plot basal area
(BA; p<0.0001), the diameter to height ratio
(DBH/HT; p<0.0001), SI (p<0.0001), and the
interaction between Sland FOLRET (p=0.0006).
Compared to an average-sized tree on a plot
with low SNC, HCB is 6.9% higher for a similar
sized tree on a plot with high SNC (Figure 3).

5-yr diameter increment

The alternative 5-yr diameter increment model
presented in Hann et al. (2003, pg. 70) fit the data bet-
ter than the original model presented in that analysis
(AIC of 16812.51 vs. 16780.33). Plot mean FOLRET in
1998 did not show a significant relationship with 5-yr
diameter increment (p=0.3807), while CLSA and plot
mean CLSA in 1998 showed a significant relationship
(p=0.0428 and p=0.0004, respectively). A likelihood
ratiotestindicated thata model including both tree-level
CLSA and plot mean CLSA was superior (p=0.0006) to a
model containing only one of these variables. Compared
to an average-sized tree on a plot with low SNC, 5-yr
diameter growth was reduced by 17.9% for a similar
sized tree on a plot with high SNC (Figure 4).

25
E HIGH SNC 7/
o 204 " LOW SNC V4
2 NWO ORGANON 7/
m
c ]
s 15
o
o
S 104
=
2
T 51
e
9
Q0
5 01
o
o

0 10 20 30 40 50 60

Tree Height (m)

Figure 3. Predicted height to crown base (m) over tree height for
high and low levels of SNC. The long dashed line is NWO ORGA-
NON predicted HCB.
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Figure 4. Predicted 5-yr diameter increment over initial DBH for trees
with HIGH and Iwo SNC. The line with long dashes is SMC ORGA-
NON predicted 5-yr diameter increment when SNC is not acconted for.




5-yr height growth

CLSA (p<0.0001) and FOLRET
(p<0.0001) showed a significant
relationship with 5-yrheightincre-
mentafter accounting for potential
height growth (APH), crown ratio
(p<0.0001), CCFL (p<0.0001), and
tree height divided by predicted
stand height (HT/PSH; p=0.0007).
Comparedtoanaverage-sizedtree
onaplotwith low SNC, 5-yr height
growth was reduced by 11.4% for
a similar sized tree on a plot with
high SNC (Figure 5).

to PM after accounting for these
variables, while thinning may
influence PM as a slight decrease
was detected in thinned plots but
the inclusion of this variable ad-
versely affected model behavior.
More long-term data, particularly
from the commercial thinning
study, should rectify this and allow
for a more valid statistical test of
this hypothesis.

DiscussiON

A significant difference be-
tween actual and projected 5-yr
stand volume

Predicted 5-yr Height Growth (m)

— HIGH SNC

growth exist-
LOW SNC . . .
— — Ritchie and Hann (1986) ed, lndlcatlng
that ORGA-
NON needs to
be modified in

order to accu-
rately accom-
modate the ef-
fects of SNC on
tree growth.The
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Initial DBH (cm)

Figure 5. Predicted 5-yr increment (m) over initial DBH for an av-
erage stand with high and low SNC. The dashed line is 5-yr incre-
ment using the equation presented in Ritchie and Hann (1986).

5-yr mortality rate

Neither plot mean FOLRET or
CLSA were significantly related
to 5-yr probability of mortality
(PM) after accounting for DBH
(p<0.0001), CR (p<0.0001),
basal area in larger trees (BAL;
p=0.0499), CLSA (p<0.0001), and
the interaction between BAL and
CLSA (p=0.0028). The equation
predicts a decrease in PM with an
increase in DBH and CR and an
increase in PM with an increase
in BAL and CLSA. Unlike Hann
et al. (2003), site index was not
found to be significantly related

greatest bias in
individual tree
projections was
the overestima-
tion of height
growth, which
is surprising given that SNC tends
to reduce basal area more than
height growth (Maguire et al.
2003). ORGANON, however, is
quite sensitive to initial site index
estimates, which in the case of
SNC are a reflection of both site
potential and the extended ef-
fects of the disease. In addition,
the significant changes in crown
structure due to SNC and the an-
nual variation in disease intensity
make growth forecasts under these
circumstances quite difficult.
ORGANON biases showed a
tendency to be significantly re-

T T
50 60 70

lated to variables that represented
stand structure (QMD, AGE,),
composition (PBA, PBA,,), and
microclimate (COAST, ASP1),
which are all difficult to model
effectively because they are vari-
ables not usually collected during
standard inventories, and inbeing
multidimensional, can lead to an
overparameterized model. Thus,
the preliminary growth models
presented in this analysis follow
the typical ORGANON model for-
matwith the inclusion of variables
representing SNC severity.

The crown sparseness index
tended to perform significantly
better in the models than foliage
retention indicating that it is a
more biologically meaningful
variable of crown condition. The
predictive power of this variable,
however, tends to be improved
when the sapwood taper model
that includes the effects of SNC
(Weiskittel and Maguire 2004)
is used, which suggests that both
crown sparseness and foliage
retention should be sampled
within a stand. These models can
now be incorporated into a stand
simulator such as ORGANON,
but should be taken with a high
degree of caution because of
the limited scope of the dataset.
These models would be greatly
enhanced if measurements on the
permanent commercial thinning
plots continued. Additional work
and data will be needed to refine
these preliminary models and in-
corporate the effects of treatments
such asthinning, fertilization, and
sulfur spraying.
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GrowTH Response oF Youne DouctLas-
FIR PLANTATIONS WITH SEVERE Swiss
Neepie Cast 10 VEGETATION MANAGEMENT
AND BALANCED FERTILIZER APPLICATIONS

Aaron Weiskittel, OSU; Doug Maguire, OSU; Doug Mainwaring,
OSU; and Matthew Higgins, Plum Creek

INTRODUCTION

Young Douglas-fir plantations have been shown to respond
positively to vegetation management (Crane et al. 2001; Ketchum
2002) and fertilization treatments (Mainwaring et al. 2003) across a
gradient of Swiss needle cast severity (SNC). Furthermore, both types
of treatments have been shown not to influence disease severity.

Crane et al. (2001) noted a significant positive effect of 16-
19% on diameter growth, while Ketchum et al. (2002) observed
a 5-14% increase in stem volume depending on the site. Both
studies, however, found fertilization to have little or no effect on
growth. Following five years of fertilization treatment, Mainwaring
etal. (2003) found that the increase in volume growth over control
plots amounted to 8.2, 6.1, and 10.2% for N, NPK, and NPKplus
treatments, respectively. However, growth responses to fertilization
have not been consistent across all sites (Crane et al. 2001).

This study was designed to determine growth response of young
Douglas-fir with moderate and severe SNC infection to operational
control of competition vegetation and nutrition management.

METHODS

Study sites

This study consisted of two trials with each trial having two
separate installations on Plum Creek Timber land near Toledo,
Oregon. The first trial took place in two 5-10 year old plantations
and included, in addition to a control, a treated plot with complete
weed control treatment (1-2 aerial applications plus hardwood
basal treatment as needed on each site) and a complete nutrition
amendment treatment based on foliar nutrient analysis (1-2 aerial
applications, depending on nutritional status of the trees). The
second trial was located in two 11-15 year old plantations and
received a complete nutrition amendment similar to the 5-10 year
old plantations.

A



The experimental design
was a randomized block with 3
circular 0.1-ac plots within each
experimental unit, resulting in a
total of 24 plots in experimental
units (2 age classes x 2 sites per
age class x 2 treatments per site
x 3 plots per treatment).

Field work

All trees within the plot were
tagged and measured for diam-
eter at breast height (DBH), total
height, and SNC severity in 1998.
They were measured every two
years since establishment, result-
ing in two growth periods (98-00,
00-02). Foliage samples were
collected between October and
January one year after fertilization
to determine if there was a shift
infoliage nutrient concentrations,
content, and mass relative to the
controls. Plot characteistics are
shown in table 1.

Data analysis

Periodic Annual DBH and
heightincrements were calculated
from the three measurements.
Stem volume was calculated using
Bruce and Demars’ equation for
second growth Douglas-fir (1974).
The growth increments were
determined as the difference be-
tween successive measurements
and analyzed as a split-plot with-
out blocks and age as the whole
plot factor. A similar statistical
approach was used to assess for
differences in plot means of foliage
retention by crown level.

REsuLTS

Vegetation control + fertil-
ization
Growth

Mean basal area growth
showed a positive response to

Table 1. Attributes of the installations.

AGE/INSTALL VARIABLE MEAN STD MIN MAX
5-10 yrs
Fishing Hole Stems/ ha 943.12 12832  691.89  1062.55
Basal area (m2)/ha 3.77 0.48 3.20 4.40
Initial top height (m) 5.09 0.39 4.61 5.51
Initial foliage retention (yrs) 1.77 0.07 1.67 1.89
Kosydar Stems/ha 901.93 71.19 815.44  988.42
Basal area (m2)/ha 16.29 1.54 14.56 19.12
Initial top height (m) 4.52 0.28 4.18 4.83
Initial foliage retention (yrs) 1.79 0.47 1.71 1.86
11-15 yrs
Fishing Hole Stems/ ha 720.72 57.24 61776  766.03
Basal area (m2)/ha 16.29 1.54 14.56 19.12
Initial top height (m) 9.11 0.37 8.54 9.54
Initial foliage retention (yrs) 1.98 0.08 1.88 2.10
Gas Pipeline Stems/ ha 518.92 7495 370.66  568.34
Basal area (m2)/ha 24.41 3.16 19.67 28.60
Initial top height (m) 15.09 0.27 14.71 15.47
Initial foliage retention (yrs) 1.86 0.13 1.67 2.06

vegetation control + fertilization
(p=0.0176) after accounting for
initial plot top height and mea-
surement period (Figure 1). Mean
basal area growth increased 6.7
and 9.3% for the first and second
growth periods, respectively.
Mean height growth showed a
negative response to vegetation
control + fertilization (p<0.0001)
after accounting for installation,
measurement period, and the
interaction between treatment
and measurement period. Height
growth was reduced between 3.5
to 33.0%, depending on instal-
lation and measurement period.
Stand volume growth, however,
showed no response to vegetation
control (p=0.5516) after account-
ing forinitial plottop height, instal-
lation, and measurement period.

Foliage retention

Mean foliage retention values
in the lower crown third showed
a positive response to vegetation
control + fertilization (p=0.0315;
Figure 2), while mean foliage
retention values in the upper and
middle crown thirds showed no
response after accounting for
initial plot mean foliage reten-
tion. Mean foliage retention in the
lower crown increased by 1.7%
due to the treatment.

Fertilization

Growth

Mean basal area growth
showed no response to fertiliza-
tion (p=0.9388) after accounting
for initial plot top height, mea-
surement period, and initial plot
mean foliage retention. Mean
height growth was significantly
influenced by the treatment



(p=0.0131) after accounting for installation and mea-
surementperiod. However, its response differed by time
since treatment as indicated by the significant interac-
tion between treatment and time (p=0.004). Initially
the treatment increased mean height growth by 11.6
to 12.2% during the first measurement period, while
decreasing mean height growth by 11.8 to 12.6% in
the second measurement period. Consequently, stand
volume growth showed no response to the treatment
(p=0.3445) after accounting for initial plot top height,
initial plot mean foliage retention, and growth mea-
surement period.

Foliage retention

Mean foliage retention values in upper (p=0.0246),
middle (0.0008), and lower (p=0.0001) showed a
negative response to the fertilization treatment after
accounting for initial plot mean foliage retention and
initial plot top height (Figure 3). Mean foliage retention
values decreased by 6.5, 8.2, and 8.2% in the upper,
middle, and lower crown thirds, respectively.

Overall

Over the four-year growth period, neither basal
area nor volume growth showed a significant improve-
ment from the treatments. However, 4-yr height growth
showed a significant negative relationship (p=0.0197)
with the vegetation control + fertilization treatment. In
addition, mean plantation foliage retention only showed
a significant negative relationship (p=0.0161) with the
fertilization only treatment.

DisCUSSION

Similar to other studies on young SNC infected
Douglas-fir, vegetation control was found to signifi-
cantly increase basal area growth, but fertilization had
aminimal impact on growth. Unfortunately, the effects
of either just vegetation management or fertilization
on volume growth in the younger plantations can’t
be separated because of the study design. The gains
in diameter growth were similar to those reported by
Ketchum et al. (2002) for the coastal site located near
the installations used in this study. Furthermore, the re-
duction in height growth due to the treatment is similar
to the findings for the east-Coast Range site, but they
attributed this to tip frost damage rather than a treatment
effect (Ketchum et al. 2002). On the other hand, this

0.008

0.007 7 Control

0.006 1 M Treatment
0.005 1
0.004 1
0.003 1

0.002 1

Mean Basal Area Growth (m?)

0.001 1

Growth Period

Figure 1. Influence of vegetation management + fertiliza-
tion on basal area growth over two measurement periods.
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Figure 2. Influence of vegetation management + fertilization
on mean foliage retention values in the lower crown third
over two measurement periods. Changes in foliage reten-
tion values in the upper and middle crown thirds were not
significantly influenced by the treatment.
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Figure 3. Mean foliage retention value for the control and
fertilization plots by crown third.




reduction in heightgrowth may in-
dicate a reallocation of resources
towards rebuilding crown lost to
the disease as suggested by the
improvement of foliage retention
values in the lower crown.

Fertilization had a minimal
influence on growth with both
basal area and volume growth
showing no response. Height
growth showed aninitial response
to the treatment, but had a nega-
tiveresponse in the second growth
period, which may be due to the
reduction in needle retention val-
ues for all crown levels due to the
treatment. This lack of response is
similar to the findings of Carter et
al. (1998) as they found only 25%
of their 48 experiments showed
a significant positive response in
basal area growth 3 years after
various fertilization treatments
across a range of Douglas-fir
stand conditions in coastal British
Columbia. Similarly, only 10% of
their experiments showed a sig-
nificant fertilizer effect on height
growth 6 years after treatments
with two of these being a negative
effect (Carter et al. 1998).

Although Ketchum et al.
(2002) and Mainwaring et al.
(2003) found no consistent pat-
terns in needle retention by fertil-
izer treatment, other studies have
consistently found fertilization to
decrease foliage retention levels
(Brix 1981; Balster and Marshall
2000), which has been attributed
to faster self-shading rates and re-
duced needle construction costs.
In the case of SNC, the reduction
of foliage retention values maybe
duetotheinteraction between the
treatment and disease.

CONCLUSION

The combination of vegetation
control and fertilization in young
plantations (5-10 yrs old) appears
to moderately improve basal area
growth, but not height or volume
growth. In addition, this type
of treatment seems to improve
foliage retention levels in the
lower crown, while significantly
reducing height growth. Improved
foliage retention in the young
plantations may have largely been
an effect of reducing leaf area of
the competing vegetation rather
than fertilization. However, fertil-
ization in 10-15 year old planta-
tions does not have an influence
on growth and reduces foliage
retention values in all crown lev-
els. Furthermore, the inability to
separate the effects of vegetation
control and fertilization in these
stands means that the efficacy of
fertilization alone remains unan-
swered by this study.

LiTeRATURE CITED

Balster, N.J. and Marshall, J.D.
2000. Decreased needle lon-
gevity of fertilized Douglas-fir
and grand fir in the northern
Rockies. Tree Physiology 20:
1191-1197.

Brix, H. 1981. Effects of thinning
and nitrogen fertilization on
branch and foliage produc-
tion in Douglas-fir. Canadian
Journal of Forest Research 11:
502-511.

Bruce, D. and DeMars, D.). 1974.
Volume equations for second-
growth Douglas-fir. Research

Note PNW-239. USDA Forest
Service Northwest Forest and
Range Experimental Station.
Portland, OR.

Carter, R.E., MCWilliams, E.R.G.,
andKlinka, K. 1998. Predicting
the response of coastal Doug-
las-fir to fertilizer treatments.
Forest Ecology and Manage-
ment 107: 275-289.

Crane, G.A., R.Rose, S. Ketchum,
and D. Haase. 2001. Effects
of fertilization and vegetation
control on Swiss needle cast
infection and growth of coastal
Douglas-fir saplings. Swiss
Needle Cast Cooperative 2001
Annual Report. Pp 69-75.

Ketchum, S., D. Haase, R. Rose,
and G. Crane. 2002. Effects
of fertilization and vegetation
control on Swiss needle cast
infection and growth of coastal
Douglas-fir saplings. Swiss
Needle Cast Cooperative 2002
Annual Report. Pp. 74-81.

Mainwaring, D., M. Gourley,
R. Fletcher, J. Trobaugh, G.
Johnson, H. Dew, J. Sevitts, N.
Christensen, and D. Maguire
2003. Growth of young forest
stands after balanced fertiliza-
tion. Swiss Needle Cast Coop-
erative 2003 Annual Report.
Pp. 71-74.



Menasta Sitvicutturat Triatss RespoNsE o
SNC-impactep Douctas=FIR T INTENSIVE SiLvi-
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ABSTRACT

The Menasha/COPE research plots were installed in the winter
of 1993/94 with the objective of investigating the effects of pre-
commercial thinning, pruning, and nitrogen fertilization treatments
in young Douglas-fir. Established in 10-year old Douglas-fir planta-
tions south of Coos Bay, Oregon, Swiss needle cast levels in the
four replicates have since increased, creating the opportunity to
test the responses to these treatments in the presence of SNC. After
the recent 10-year remeasurement, Swiss needle cast intensity and
treatment effects were analyzed. None of the treatments had any
effect on current foliage retention, though crown sparseness (CL:
SA) was significantly lower on PCT’d plots, and the decreased CL:
SA with fertilization was marginally significant. There was no sig-
nificant effect of fertilization on basal area growth, volume growth,
form quotient, or stem cross-sectional growth at 13 ft of height.
Pre-commercial thinning significantly increased basal area growth
over the period from year 4 to year 10. Pruning was associated with
a lower basal area and volume growth over the 10-year period.

INTRODUCTION

The Menasha thinning study was initiated in 1992 under the
auspices of the Coastal Oregon Productivity Enhancement (COPE)
Program. The goal of this program was to enhance the economic
and social benefits derived from the Oregon Coast Range through a
better understanding of its resources and how to utilize them. Among
the goals of this program was investigating the advantages to be
gained from intensive silvicultural treatments in young Douglas-fir
plantations. Accordingly, this replicated study included pre-com-
mercial thinning, pruning, and fertilization treatments.

With the emergence of Swiss needle cast (SNC) as a damaging
disease of Douglas-fir on the Oregon coast, concerns have been
raised about the effect of standard silvicultural treatments on tree
growth and disease development. Because much of the Coast
Range is privately owned, and presently managed for high yield
timber production, the question of whether the standardsilvicultural
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treatments of an intensive manage-
ment regime are effective in the
presence of SNCis of fundamental
importance.

A previous study looking
at the effect of pre-commercial
thinning in infected stands found
that thinning had no effect on the
foliage retention of infected stands
(Kanaskie et al. 2002b), and that
the volume growth of trees showed
a positive response (Kanaskie et
al. 2002a). The effect of pruning
in SNC infected stands has not
been investigated.

Of particular interestfrom this
study is the fertilizer response. Al-
though fertilization isan accepted
tool of intensive Douglas-fir sil-
viculture, it has been called into
question in SNC infected stands.
Results of fertilization in infected
stands have thus far been mixed.
Treatments of nitrogen and NPK
blends in stands covering a range
of SNC-infection levels resulted in
apositive volume growth response
(Mainwaring et al. 2003). Other
studies in young plantations have
found little or no response to nitro-
gen additions (Crane et al. 2001,
Ketchum et al. 2002, Rose and
Rosner 2004). In an Idaho study,
fungal fruiting, and thus disease
severity increased with addition

of nitrogen fertilizer (El-Hajj et
al. 2004).

Theresponse of the treatments
onthe Menasha plots will thus pro-
vide additional information in the
ongoing debate about the value
of fertilization. The objectives of
this analysis are to investigate the
effect of the treatments on the cur-
rent levels of SNC and the growth
and form of the residual trees.

METHODS

The study plots were estab-
lished in 1994 in 10-year old
(breast height) Douglas-fir planta-
tions. The site is located about 10
miles south of Coos Bay, Oregon,
on land owned by the Menasha
Corporation. Plot averages for
the four replicates are shown in
table 1.

Four replications were es-
tablished within a few miles of
one another, each containing six
treatments. Plots were 0.25 acres
in size with a 20-foot buffer. The
treatments were:

1) PCT, Prune, fertilized

2) PCT, Prune not fertilized
3) PCT, fertilized

4) PCT, not fertilized

5) Fertilized
6) Not fertilized

Plots were fertilized with a
total of 400 Ibs/acre of nitrogen
(urea): the first application of 200
Ibs/acre was made in the winter of
1993-94, and the second applica-
tion of 200 Ibs/acre was made in
the winter of 1997-98.

Pre-commercially thinned
stands were thinned to between
250 and 270 trees per acre, and
pruned stands were pruned in
two lifts, first to 13, and finally
to 20 feet.

Plots were measured at estab-
lishment, after 4 years of growth,
and after 10 years of growth. All
trees were measured for dbh, and
every fifth numbered tree was
measured for height and height
to crown base. The diameter at
13 feet was measured on height
trees of acceptable form on treat-
ments 1-4. SNC variables were
collected at year 10: height trees
were cored for sapwood width,
and branches were sampled for
foliage retention. Foliage retention
was measured on two cutbranches
per tree. These branches were
sampled from opposite sides of the
tree at the fifth whorl, or as close
to the fifth whorl as possible.

Table 1: Plot characteristics

Tt Treatment QMD  QMD  Height Height ~ HCB, H(B,  HCB,  Foliage BAgrowth VOLgrowth Form  Form
description year 0 year10 year0 vyear10 vyear0 vyeard4 year10 Refention (LSA  (m%ha) (m’/ha) quotient quotient
(cm) (cm) (m) (m) (m)  (m) (m) (years) (em/em?) (10y) (10y) yeard year 10
1 PCT, prune, fert  12.6 235 85 1607 418 418 623 232 649 1799 1432 085 091
2 PCT,prune, nofert 125 237 835 1622 424 428 62 258 747 1733 1455 086 0.89
3 PCT, fert 124 247 854 1642 121 23 604 257 683 2047 1594 083 0.88
4 PCT, no fert 122 246 857 1667 1.13 267 698 282 738 2203 1758 0.83 0.88
5 Unthinned, fert 9.1 176 64 1653 13 4 787 265 854 1921 1812 NA NA
6 Unthinned, nofert 9.1 179 6.46 16.88 1.49 404 823 27 9.09 20.08 1922 NA NA




Treatment effects were ana-
lyzed using regression tech-
niques.

REsuLts

Foliage Retention

Average foliage retention for
each block is shown in table 1.
After accounting for block effects,
there is no significant difference
in foliage retention with fertiliza-
tion. Similarly, pre-commercial
thinning and pruning are not as-
sociated with any differences in
foliage retention.

Crown Sparseness

Average crown sparseness
(CL:SA) on each plot is shown
in figure 1. After accounting for
block effects, there is a margin-
ally significant decrease of crown
sparseness with fertilization of
0.69 cm/cm? (table 2). Crown
sparseness is significantly lower
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Figure 1: Crown sparseness (CL:SA) by replication and treatment. Treatments with the
same letter are not significantly different (p<0.05).

on PCTd plots than unthinned
plots (table 2). Crown sparseness
on pruned plots doesn’t differ sig-
nificantly from that of unpruned
plots.

Basal Area Growth

After accounting for block ef-
fects, Douglas-fir basal area, and

Table 2: Regression p-values

Variable Covariates Treatment Period
year 10
Foliage Retention Fertilization NS
PCT NS
Block effects Prune NS
Crown Sparseness Fertilization 0.078
PCT 0.001
Block effects Prune NS
Year O-year 10 Year 4-year 10
Basal area growth  Block effects Fertilization NS NS
Douglasfir BA PCT NS 0.003
non-Douglasfir BA  Prune 0.002 NS
Volume growth Block effects Fertilization NS NS
Douglasfir BA PCT NS NS
non-Douglasfir BA  Prune 0.015 NS
Form quotient Block effects Fertilization NS NS
Douglasfir BA PCT NS NS
non-Douglasfir BA  Prune NS NS

basal area from other species,
fertilization was found to have no
effect on Douglas-fir basal area
growth for any of the treatment
combinations.

Using the same covariates,
Douglas-fir basal area growth
was found to respond positively
to pre-commercial thinning over
the period from year 4 to year 10,
but not the entire period, indicat-
ing that the increase depended on
the buildup of crown.

By contrast, pruning was
found to have a negative effect on
basal area growth over the entire
period, though not from year 4 to
year 10. Inclusion of crown ratio
in the equation rendered pruning
insignificant over the ten-year
period (table 2).

Volume Growth

After accounting for block ef-
fects, Douglas-fir basal area, and
basal area from other species, vol-
ume growth was not significantly
affected by either fertilization or
pre-commercial thinning.



Volume growth over the entire
10-year period was negatively
affected by pruning, though this
effect was insignificant over
the period from year 4 to year
10 (table 2). As with basal area
growth, addition of crown ratio to
the equation rendered pruning an
insignificant factor in explaining
volume growth.

Form

Diameter measurementsat 13
ftof heightenabled the calculation
of form quotient (DOB,,/DBH).
Accordingly, this variable was
tested for treatment differences at
year4 andyear 10. Atyear 4, form
quotient was significantly higher
for pruned trees than unpruned
trees, though overall correlation
was low (R*=0.11). This result is
notsurprising given the significant
difference in heightto crown base
asaresultofthe pruning(ANOVA),
still present at year 4 (table 1). By
year 10, there were no significant
differences between pruned and
unpruned plots for either form or
height to crown base.

Stem cross sectional growth at
13 feetbetween year 4 and 10 was
also analyzed for treatment differ-
ences, but none was found.

DiscussION

One drawback of the Me-
nasha plots is the lack of initial
SNC data with which to monitor
changes in the disease attributable
to treatment. Nevertheless, with
four blocks in the same stand, itis
likely thatthe initial SNC intensity
between plots was similar.

Although previous work in
fertilization of Douglas-fir sug-

gests that fertilization reduces
foliage retention (Balster and
Marshall. 2000), the fact that fo-
liage retention on fertilized plots
is not significantly different from
non-fertilized plots suggests that
SNC, rather than fertilization is
probably the limiting factor. Still,
other studies have found signifi-
cantnegative correlation between
nitrogen fertilization and foliage
retention in infected areas (Rose
and Rosner. 2004).

In healthy Douglas-fir stands,
the primary crown effect of ni-
trogen fertilization is an overall
increase in foliar biomass, and
hence, leaf area (Brix and Ebell.
1969). Because there are no
differences in crown length be-
tween fert/no fert treatment pairs
(ANOVA), any increase in leaf
area (sapwood area) should be
reflected in smaller CL:SA values.
Although there is a marginally
significantdensification of crowns
with fertilization, the response is
very variable. Previous sampling
for CL:SA has been done such that
trees spanning the diameter distri-
bution weresampled. Becausethis
study used a systematic sample,
some plots didn’t cover the range
of diameters as well, calling the
marginal significance of this result
into further question.

The lack of asignificantgrowth
response to fertilization is similar
to what was found for similarly-
aged trees in the Plum Creek data-
set(Weiskittel etal. 2004). Studies
inyounger stands have found little
or no significant volume growth
response tofertilization (Rose and
Rosner 2004, Ketchum 2002). In
contrast, Mainwaringetal. (2003)
found a positive volume growth

response to fertilization of 6-10%,
depending on treatment, over a
five-year period in stands ranging
from 5 to 27 years of age. This lat-
ter study included a 200 Ib/acre
nitrogen treatment in addition to
NPK and NPK plus micronutrient
treatments, all of which gave a
positive response.

Pre-commercial thinning
has already been established as
an effective way to boost basal
area and volume growth in SNC-
impacted stands (Kanaskie et al.
2002a, Kanaskie et al. 2002b), a
result per unit of growing stock
reinforced by this study.

Pruning, while temporarily
diminishing basal area and vol-
ume growth by crown removal,
is not, and should not be used
in SNC-infected stands. Pruning
is best employed in stands able
to produce a significant amount
of diameter growth after prun-
ing—on well spaced, high site
trees. The growth loss resulting
from SNCdisqualifies these stands
as candidates for pruning. Pruning
was included in this study before
SNC became a problem on the
south coast.

CONCLUSION

Fertilization did not signifi-
cantly affect basal area or volume
growth, in thinned or unthinned
plots. Although a non-response
to nitrogen fertilization in SNC-
impacted stands is not a universal
result, an increasing number of
studies are not finding a response.
Thisresult, in additionto evidence
that nitrogen applications may
only be serving to feed the fungus,
provides a cautionary backdrop to
nitrogen fertilization projects.
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INTRODUCTION

Many Douglas-fir (Psuedotsuga menziesii) stands in western
Oregon are suffering from Swiss needle cast (SNC), a foliage dis-
ease caused by the fungus Phaecryptopus gaeumannii (Hansen et
al. 2000). Although this fungus is endemic throughout the range of
coastal Douglas-fir (Boyce, 1940), there have been noted increases
in fungal presence, infection incidence, disease symptoms, and
associated negative growth effects in the last 10 years (Hansen
et al. 2000). A recent aerial survey indicated that approximately
108,000 hectares out of the 1.2 million ha surveyed in Oregon
showed detectable discoloration, a decrease from the previous
high of 157,000 hectares in 2002 (Kanaskie et al. 2003).

Of greatest concern are the approximately 76,000 hectares of
10-30 year old plantations in north coastal Oregon. These planta-
tions exhibit various degrees of SNC infection, but severe SNC may
preventthem from attaining merchantable size. An ongoing six-year
study of this population has found that stands with the most severe
levels of infection are experiencing a cubic volume growth loss
of approximately 52%, with a population average of 21% volume
growth loss (Maguire et al. 2002). Some heavily infected stands
at the low end of this age range, believed to be growing so poorly
that they have no chance of becoming merchantable, have been
underplanted or cleared and replanted with non-susceptible spe-
cies, in most cases western hemlock (Tsuga heterophylla).

Where heavily infected stands have reached merchantable
size, the standard silvicultural prescription among industrial forest
landowners is to clearcut the diseased Douglas-fir, and replant the
stand to a mix of non-susceptible species and lesser amounts of
Douglas-fir. Regeneration harvesting has usually been done in stands
with tree size and value sufficient to cover costs of the operation.
In these stands, thinning has been avoided as a tool to improve
crown vigor because field observations and limited data suggest
that thinning stands with severe Swiss needle cast may accelerate
symptom development and associated growth declines.



In younger stands, previous
work has suggested otherwise.
A study undertaken in a stand of
infected Douglas-fir in New Zea-
land indicated that thinned trees
had similar infection rates and
developed deeper crowns, butdid
not have significantly less foliage
than unthinned trees five years
afterthinning (Hood and Sandberg
1979). Another New Zealand
study investigated the effect of dif-
ferent levels of thinning on basal
area growth in infected stands,
but the results were inconclusive
(Manley 1985, unpublished).
While more recentwork indicates
that pre-commercial thinning of
SNC-infected Douglas-fireven un-
der severe SNC does not intensify
disease development in younger
stands (Kanaskie et al. 2002), the
thinning response of older stands
(30-60 yrs old) with varying de-
grees of Swiss needle castdamage
is largely unknown.

Most industrial forest land-
owners are not thinning commer-
cially onsites with significant lev-
els of SNC. However, the Oregon
Department of Forestry (ODF),
by virtue of its large holdings of
commercial timber in the SNC
zone, state-mandated priorities,
and current management objec-
tives, must rely more heavily on
thinning. The largest concentra-
tion of state-owned timberland,
the 147,000-ha Tillamook State
Forest, is on the northwestern
Oregon coast, where SNC is
especially problematic. This rela-
tively homogeneous forest is the
result of a massive reforestation
effort following four major fires,
which burned almost 144,000 ha
from 1933-1951 (Fick and Mar-
tin 1993). In the approximately
95,000-haTillamook district of the

Tillamook state forest, 70% of the
landbase is conifer forestbetween
26 and 55 vyears old and almost
all of the growing stock is Doug-
las-fir. Stand densities need to be
reduced to maintain health and
future options, sothinningis a key
componentof the state’s structure-
based management plan (Oregon
Dept. of Forestry 2001). Designed
tomeet changing public priorities,
the new management guidelines
call for 40-60% of each district’s
land base to be made up of stands
having a layered, or two-storied
structure (Oregon Dept. of Forestry
2001). Qualitative description of
the structural components neces-
sary to meet the criteria for these
layered stands suggests that thin-
ning will be an essential tool to
produce the required structural
diversity. However, SNC may be a
serious obstacle to meeting these
objectives.

A retrospective phase of this
study, completed last year, looked
at the thinning response of stands
treated 4 to 10 years prior. These
stand, were distributed across
a large range of SNC infection
levels, stand densities, and loca-
tions. The most heavily infected
stands experienced a 36% volume
growth loss relative to healthy
stands that were also thinned,
but basal area growth responded
positively to treatment. In addi-
tion, results indicated that heavier
thinning was associated with a
greater response, an expected
result in healthy stands, but long
in question where SNC is severe
(Mainwaring et al. 2003). Due
to the retrospective nature of the
study, these results depended on
the assumption that thinning did
not exacerbate SNC intensity.

With installation and monitor-

ing of paired permanent plots in
this second phase of the study,
the assumption of no change in
SNC severity could be tested.
The paired permanent plots, one
thinned and one control, also tar-
geted 30-60 year old stands with
a wide range of locations, initial
densities and SNC symptoms.
The objective was to test the fol-
lowing hypotheses: 1) Thinning
increases SNC symptom severity;
2) Response of SNC symptoms to
thinning depends on initial SNC
severity; 3) Thinning causes a re-
duction in individual tree volume
growth; and 4) Volume growth
losses after thinning increase with
initial intensity of SNC.

METHODS

The study sites were distrib-
uted across five different north-
western Oregon ODF districts
(Tillamook, Forest Grove, Astoria,
West Oregon, Santiam), four of
which include land in the Coast
Range.

Fifteen pairs of fixed area
plots were established during the
winter of 2001 (Table 1). These
plots were measured during the
dormant season. Plot locations
were distributed across a range of
disease severity classes and initial
densities, and included different
aspects and slopes. Target stands
were 30 to 60 years of age, had
at least 75% of the basal area in
Douglas-fir, and were scheduled
for thinning prior to May 2002.
Plot locations were chosen from
among candidate timber sales pro-
vided by the five ODF districts.

Inarepresentative partofeach
stand, two square, 0.2 ha (0.5 ac)
plots were established, each with
its own 21 m buffer, for a total of



Table 1: Plot characteristics

Plot Volume  Site RD QMD-DF  Foliage Douglasfir - Non-DF
ODF PAI index (at thin) (ot thin) retention  CL:SA  basal area  BA Age
Trt dist.  (f/acre) (f/50y) (f/ac/in®%)  (in.) fyrs)  (em/em?)  (f/ac)  (f/ac)  (yrs)
Brownsmead Cont Ast 16.8 46.1 64.7 31.2 2.0 5.81 38.3 139 322
Brownsmead Thin Ast 13.7 46.1 327 34.8 2.07 5.01 27.7 01 317
Clammer Cont Till 14.5 44.6 65.1 30.2 1.95 4.89 36.6 150  29.0
Clammer Thin Till 6.9 42.6 27.8 32.3 1.85 5.49 19.5 33 340
Cook-Wright Cont Till 13.8 40.9 63.6 25.7 1.75 8.28 34.9 1.5 292
Cook-Wright Thin Till 5.0 39.1 24.8 29.2 2.21 7.04 13.7 56 283
Fall Hatch Cont WO 18.0 40.2 68.5 46.2 2.0 5.47 66.7 0.4  60.1
Fall Hatch Thin WO 7.5 40.5 22.4 62.0 2.0 6.95 25.4 0 60.4
Gales Creek Cont FG 18.3 43.4 53.2 42.7 3.88 4.42 47.2 29 475
Gales Creek Thin FG 10.9 43.9 29.2 49.5 3.70 539 29.7 0 48
Gold Peak Cont Till 17.8 42.6 46.1 384 2.0 4.71 41.1 0 32.8
Gold Peak Thin Till 11.9 40.9 43.4 38.5 2.0 4.96 37.4 0 31
Hagg Lake Cont FG 23.8 40.8 64.9 35.1 4.25 5.24 554 0 44
Hagg Lake Thin FG 14.1 39.5 31.6 419 4.3 37 29.5 0 422
Kilchis Lookout  Cont Till 198.8 1238 63.7 9.9 1.38 717 200.4 0 327
Kilchis Lookout  Thin Till 7.8 39.9 39.1 26.7 1.65 6.51 29.2 0 30.0
Lower wolf Cont WO 23.2 47.5 72.6 49.8 3.3 4.80 69.6 42 543
Lower wolf Thin WO 11.0 46.4 29.8 59.7 2.65 5.51 33.2 0 55.6
Miami stu Cont Till 13.7 37.8 44.9 37.6 1.33 4.36 35.8 40 338
Miami stu Thin Till 5.4 37.6 25.6 38.4 1.45 5.07 17.5 53 326
Sam downs Cont Till 10.7 38.2 57.3 26.2 1.46 539 38.4 38 313
Sam downs Thin Till 97.2 40.5 38.3 27.9 1.3 6.49 24.7 45 321
Soapstone Cont Ast 13.9 43.3 64.0 32.8 1.9 7.54 44.2 8.6 348
Soapstone Thin Ast 11.5 44.7 42.8 33.0 1.75 8.52 35.3 0 33.0
Toll road Cont Till 16.5 414 47.0 335 1.85 4.38 37.6 1.6 283
Toll road Thin Till 7.6 42.3 26.3 33.3 1.45 4.52 19.2 26 294
Tom rock Cont Sant 13.2 36.5 71.4 32.8 3.2 9.70 54.1 46 594
Tom rock Thin Sant 10.0 40.2 37.9 39.9 3.2 10.08 31.6 29 598
Westport Cont Ast 21.6 43.7 54.2 34.0 3.55 5.35 40.4 52 278
Westport Thin Ast 18.3 41.6 33.6 38.1 3.45 4.56 29.8 0 26.4

a 0.8 ha treatment area. Where
possible, the treatment plot was
contiguous to the control plot.
Measurements were confined
to the inner 0.2-ha square. Prior
to thinning, all trees >5 cm on
the treatment plot were marked
at breast-height with a paintstik
and measured for DBH (near-
est 0.1 cm). When thinning had
been completed, all trees > 5 cm
on both plots were tagged and
measured for dbh, with the tags
on the treatment plot placed on
the paintstik mark. A subsample

of 40 Douglas-fir were measured
for total height and height to low-
est live branch (nearest 0.01 m).
This subsample included the 10
largest Douglas-fir by dbh and
the 4 smallest by dbh, with the
remaining 26 distributed evenly
across the diameter range of the
plot. The 5-10 largest Douglas-fir
were cored at breast height for
sapwood width. Sapwood area at
crown base was estimated using a
previously constructed sapwood
taper equation for Douglas-fir
(Maguire and Batista 1996). In

addition, ages were obtained for
the 10 largest Douglas-fir. Foliage
retention on the 5-10 largest trees
provided an estimate of SNC in-
fection severity. The standard SNC
rating is the number of years that
foliage isretained, averaged across
the upper, middle and lower third
of the crown. Due to the height of
crowns and associated visibility
problems in these older, larger
trees, a single rating was given
for the whole tree, based on the
average retention of the entire
crown.



Analysis

Totest whether thinning affect-
ed foliage retention, the data were
analyzed as a randomized block
experiment, adjusted for covari-
ates. Each pair of plots was a block
with one control and one thinned
plot. Numerous covariates were
combined with these categorical
variables, including initial foliage
retention, initial crown sparseness
(live crown length (cm)/sapwood
area atcrown base (cm?); Maguire
and Kanaskie 2002), site index,
and variables representing initial
density and thinning intensity.

Toisolate the “effect” of initial
SNC severity on growth response
to thinning, periodic annual
volume growth was regressed
on foliage retention and crown
sparseness, in addition to other
covariates thattypically influence
stand growth. The latter variables
included Douglas-fir basal area,
basal area of other species, site
index, relative density, quadratic
mean diameter, crown ratio,
crown length, age, and indicator
variables representing location
and site effects.

REsuLTS

Change in Foliage retention

In general, the direction of
change in foliage retention was
similar for both thinned and
unthinned plots within a block
(figure 1). Any measured changes
attheblock level were apparently
the result of local infection levels
ratherthan treatment, as indicated
by ANOVA.

However, when analyzed as
a randomized block experiment
with covariates, both block and
treatment effects were significant

inexplainingthe change infoliage
retention (R?=97%). The covariates
included initial foliage retention
and a treatment*foliage retention
interaction term, indicating that
the change in foliage retention
on thinned plots (vs. controls)
depends on the initial level of
foliage retention (figure 2).
Because there was significant
between-block variation due to

factors such as site index, stand
density, and SNC infection levels,
replacement of block effects with
variables describing these differ-
ences make it possible to expand
inference beyond these plots. Ap-
proximately 51% of the variation
in the change in the logarithm of
foliage retention was explained
by the following model (MSE =
0.0536):

[1] (dFOLRET) = a, + a,(BADF) + a,(FOLRET) + a,(CLSA) + a, (CUTBA)
where dFOLRET = Change in foliage retention (years)

BADF = Douglas-fir basal area (m*/ha)
FOLRET = Current average foliage retention for the plot (yrs)
CLSA = Crown sparseness (cm/cm?)
CUTBA = Removed basal area (m?/ha)
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Figure 1. Change in foliage retention for thinned plots vs. controls: plot summary.
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Figure 2. Change in foliage retention for thinned plots vs. controls implied by parameter
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Table 2. Parameter estimates for model
describing the change in foliage refention
(equation [1]).

Variable Parameter Standard
Estimate Error

a, -0.27507 0.24157

a, -0.01783 0.00495

a, 0.21974 0.05448

a, 0.07964 0.02807

a, -0.01372 0.00461

Parameter estimates (table 2)
indicated that foliage retention
increased with higher initial foli-
age retention and lower crown
sparseness, and decreased with
increased Douglas-fir basal area
andthinning intensity. The param-
eter value for CUTBA indicates
that every additional 4.6 m*ha
(20 ft*/ac) of basal area removed
is associated with a loss of 0.063
years of foliage retention.

Although the residual plot
did not indicate the presence of
any extreme outliers, one of the
plots is very influential, to the
extent that dropping it renders
BADF and CUTBA in equation
[1] insignificant.

Change in crown sparseness

As with foliage retention,
block effects were evident for
change in crown sparseness,
with a mix of responses to treat-
ment. ANOVA without covariates
indicated that while there were
block-level differences, no treat-
ment effect was evident (figure 3).
When analyzed as a randomized
block experiment with CUTBA
as a covariate, treatment was sig-
nificantand block was marginally
significant (p=0.078) inexplaining

Folret<=2.0 Folret>=2.0

Change in CL:SA
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Figure 3. Change in crown sparseness for thinned plots vs. controls: plot summary.

the change in crown sparseness (R>=82%). As the basal area removed
increased, the crowns became significantly sparser.

When analyzed with regression techniques, approximately 45%
of the variation in the change in crown sparseness was explained by
the following model (MSE = 0.667):

2] (dCL:SA) = b, + b (THIN) + b_In(CR) + b,In(CUTBA)
where dCLSA = Change in foliage retention (years)
THIN = 1 if plot was thinned, 0 if not
CR Crown ratio (as proportion)
CUTBA = Removed basal area per acre (m*ha)

Parameter estimates (Table 3) indicated that the change in crown
sparseness is increasingly positive as average crown ratio decreases
and more basal area is removed. In two stands with similar crown
ratios, crowns in thinned stands remained denser than crowns in
controls stands when less than 15.3 m%ha (66.5 ft*/ac) of basal area
was removed. At higher levels of removal, crowns in thinned stands
became sparser than in controls.

Table 3. Parameter estimates for model describing the change in foliage retention (equa-
tion [2]).

Variable Parameter Estimate Standard Error
b, 19.49346 8.66180
b, -23.50885 9.95111
b, -1.58944 0.81261
b 1.24748 0.51933

2]




Periodic volume increment

Treated as a randomized block experiment, both plot and treat-
ment effects were significant in explaining volume increment. Plot
attributes varied considerably (Table 1), underscoring the need to
account for covariates other than those representing SNC severity.
Volume growth since thinning was significantly related to its initial
SNC index and other covariates reflecting site quality, stand density,
and thinning intensity. Approximately 93% of the variation in the
logarithm of periodic annual volume increment was explained by the
following model (MSE = 0.0160):

3] In(VPAI) = ¢, + ¢, In(BADF) + ¢,(RD) + c,In(Sl) + c,(FOLRET) +
c,(CUTBA) + ¢, (THIN) + c (TFOLRET)

where VPAI = Periodic volume increment per acre (m?/ha/

y

BADF = Douglas-fir basal area (m?ha)

RD = Relative density (Curtis 1982)

Sl = 50 yr site index (m) (Bruce 1981)

FOLRET = Current average foliage retention for the plot
(yrs)

CUTBA = CUT basal area, all species (m*ha)

THIN = 1 if plot was thinned, 0 if not

TFOLRET = Interaction term: THIN * FOLRET

Parameter estimates (Table 4) indicated that periodic annual vol-
ume increment increased with increasing Douglas-fir basal area, site
index, and foliage retention, and decreased with increasing relative
density, cut basal area, and thinning. Total RD accounts for competi-
tion from other species.

Periodic annual volume increment varies significantly depending
on initial foliage retention, initial Douglas-fir basal area, and whether

ornotithasbeenthinned. The sig-
nificance of the foliage retention
andthinninginteraction indicates
thatthe negative effect of thinning
on stand volume growth depends
on the level of SNC. This negative
effectis greater asfoliage retention
decreases (figure 4).

Withoutthinning, Douglas-fir
continues to produce significant
volume growth even where Swiss
needle cast levels are high. When
compared to an uninfected stand
(represented here by foliage reten-
tion averages from Gales Creek,
Hagg Lake, Westport, and Tom
Rock, 3.7 years), growth losses
at the lowest foliage retentions
don’t exceed 17%. In contrast, a
thinned stand with afoliage reten-
tion of 1.3 years would, all else
being equal, grow 37% less cubic
volume than a thinned stand with
a foliage retention of 3.7 years
(figure 5).

In order to determine how
individual trees are respond-
ing to treatment, a model was
constructed using the subset of
trees which had been measured
for height and height to lowest

18
167 /
Table 4. Parameter estimates for model = 141 e
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ment (equation[3]). §E 107 e — ’ - ,;: - -
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suming mean values for Douglas-fir basal area (25.9 m?/ha), RD (31),
and site index (41.1 m, 50 yrs.). Removed basal area is in m*/ha.
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Figure 5. Volume growth loss by foliage retention and treatment type.

live branch on each plot. Approximately 81% of the variation in the
logarithm of periodic annual volume increment was explained by the
following model (MSE = 0.2520):

[4] In(VPAI) = d, + d,In(DBH) + d,In(CR) + d,(BAL) + d,In(SI) +
d.In(BAtotal) + d (CUTBA) + d In(FOLRET) + d(THIN) + d (TLD) +
d,(TBAL) + d, (TFLD) + d,,(CFLD)

Table 5. Parameter estimates for individual
tree model describing periodic annual

volume increment (equation[4]).

Variable  Parameter  Standard
Estimate Error
d, -14.31487 1.02052
d, 2.74044 0.13905
d, 0.42064 0.06920
d, -0.00885 0.00190
d, 1.74890 0.25701
d; 0.92307 0.13666
d, 0.01777 0.00331
d, 0.47272 0.16809
d, -1.29389 0.44758
d, 0.21509 0.12800
d, 0.01103 0.00351
d, -0.08527 0.04673
d 0.09915 0.04660

-

where VPAI = Periodic volume increment per acre (m?/ha/

yr)

DBH = Diameter at breast height (cm)

CR = Crown ratio

BAL = Basal area in larger trees (m*ha)

S = 50 yr site index (m) (Bruce 1981)

BAtotal = Basal area, all species (m*/ha)

CUTBA = CUT basal area, all species (m*ha)

FOLRET = Current average foliage retention for the
plot (yrs)

THIN = 1 if plot was thinned, 0 if not

TLD = Interaction term: THIN*In(dbh)

TBAL = Interaction term: THIN*In(dbh)

TFLD = Interaction term: THIN*FOLRET*In(dbh)

CFLD = Interaction term: Control*FOLRET*In(dbh)

Parameter estimates (Table 5) indicated that periodic annual volume
increment increased with increasing diameter, crown ratio, site index,
and foliage retention, and decreased with increasing total basal area,
basal area removed, and thinning. The positive values of the TLD and
TBAL interaction terms reflect the increased growth response, by tree
size and position, of similarly sized trees in the treated plots, after
accounting for the negative of effect of thinning. The TFLD and CFLD
interaction terms reflect the differential volume growth response, by tree
size, to thinning at different levels of foliage retention. The interactive

effect of foliage retention and tree
size is shown in figure 6.

As should be expected from
the plot-level regression, trees
of any size in thinned stands are
growing less than similarly sized
trees in unthinned stands. Further-
more, as diameters decrease, trees
in stands of low foliage retention
grow at a diminishing percentage
of similarly sized healthy trees. Put
anotherway, larger diameter trees
maintain a higher percentage of
their non-infected growth poten-
tial than smaller trees as foliage
retentions decrease.

DiscuUSsSION

A major weakness in the ret-
rospective phase of this study was
the unknown effect of thinning on
foliage retention. Knowingthe ini-
tial pre-treatmentfoliage retention
has rectified this problem. While
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retention implied by model [4]

the analysis indicates that there
is a significant treatment effect of
thinning on foliage retention and
thatitdependsontheinitial foliage
retention, it is small, amounting
to a maximum average negative
effect of 0.13 years even at the
lowest retention levels.

The change in crown sparse-
ness also shows asignificanttreat-
ment effect, otherwise depending
on average crown ratio, and the
amount of basal area removed.
On average, both control and
treatment plots experienced an
increase in crown sparseness. At
the dataset mean crown ratio of
0.51, the equation implies that
when less than 10.6 m*ha (46
ft?/ac) of basal area per acre is
removed, CL:SA decreases with
treatment. When less than 15.3
m?/ha (66 ft?/ac) of basal area per
acreisremoved, CL:SA goes down
relative to the controls. Although
this suggests that crowns den-
sify slightly when very little basal
area is removed, this result may
be an artifact of crown retention
(or loss) during harvest. Trees in

heavily thinned stands are more
likely to end up with one-sided
crowns, thereby increasing CL:SA
by chainsaw effect. Itis difficult to
know whether changes in CL:SA
are driven more by crown reces-
sion or needle loss.

The previous phase of this
study indicated thatatafoliage re-
tention of 1.65 years and a crown
sparseness of 13 cm/cm?, a stand
thinned 4-10years previous would
be producing an average of 30%
less volume than an uninfected
stand with a foliage retention of
3.65 yearsand a crown sparseness
of 7 cm/cm?. The implied volume
loss from using these values of
foliage retention in equation [3] is
32%.Thesimilarity of these values
underscores the relative stability of
foliage retentions before thinning
and two years later.

Although both foliage reten-
tion and crown sparseness have
proven significant estimators
in previous models describing
growth declines in SNC infected
stands (Maguire and Kanaskie

2002; Maguireetal.2002), crown
sparseness was not retained in
equation [3]. Inclusion of crown
sparseness with foliage retention
was found to make both only mar-
ginally significant. Furthermore,
the variability of crown sparseness
between plots was relatively low.
Mean crown sparseness of plots
was 5.9 cm/cm? with a standard
deviation of 1.6 cm/cm?. If the
one plot in the Cascades isn’t
used, these values are 5.55 and
1.25 cm/cm’.

A major difference between
this study and the retrospective
study (Mainwaringetal.2003) was
the sampling procedure used for
collecting crown sparseness data.
This study used 5-10 dominant/co-
dominants per plot, whereas the
retrospective study used 40 trees
(including 10 doms/co-doms)
ranging across the diameter
distribution. Mean and standard
deviation of crown sparseness for
the retrospective study was 8.9
and 2.7 cm/cm?. When dataset
averages for the retrospective plots
was limited to the 10 trees with
the largest dbh per plot, mean
and standard deviation was 5.4
and 1.3 cm/cm?. It may be that
dominant trees are less indicative
of a stand’s average tree crown
density than that calculated from
a range of size classes.

With growth losses accumu-
lating since 1990 (Maguire et al.
2002), dominants in stands this
age are likely to be those trees that
are mosttolerantof SNC. Previous
work in the genetic heritability of
SNC symptom expression sug-
gests that crown density is the
best foliage indicator for judging
SNC tolerance, but that the best
single trait to select for would be



basal area increment (Johnson
2002). Thefactthatdominanttrees
have approximately similar CL:
SA’s, (and thus crown densities)
over a large range of infection
intensities, suggests that any sil-
vicultural treatmentthatincreases
the proportion of these trees within
a stand will have a positive effect
on stand growth per unit of basal
area. If trees of all sizes had equal
tolerance to SNC, it might be
expected that trees in the lower
crown classes would grow better
in relation to their counterparts
in healthy stands as infection
levels increased because of less
light interception by the sparser-
crowned dominants. However, the
individual tree analysis suggests
that this is not the case (figure 6).
Thinning from below, the standard
practice in state forests, removes
stems that have grown slower due
to genetics, microsite, quality of
planting, and other factors. In
coastal forests, Swiss needle cast
imposes further variation.
Younger stands have shown
much higher growth losses than
is estimated for these older stands.
Unthinned 10-30 year old stands
with foliage retentionaslowas 1.3
years have shown growth losses
between 40 and 45% (Maguire
et al. 2002). In contrast, equa-
tion [3] implies growth losses of
about 17% for unthinned older
stands at similar levels of SNC.
The younger stands have under-
gone much less SNC-influenced
differentiation, and the canopy is
more equitably shared between
trees growing well with SNC and
those that are not. In the older age
classes represented in this study,
the more highly differentiated
stands are probably stocked with

a larger component of trees that
show some SNC tolerance. This
may help to explain the negative
correlation of RD with volume
growth. Besides accounting for
non-Douglas-fir competitors, a
higher RD for a given basal area
indicates a stands made up of
more, but smaller trees. A stand
with fewer and larger trees prob-
ably contains a higher percentage
of tolerant trees. This is not to say
that a stand can be thinned into
tolerance, but it may explain why
growth losses appear to decrease
with stand age.

The reduction in volume
growth with treatment at all
levels of SNC, revealed by the
randomized block ANOVA with-
out covariates, is expected. Even
accounting for a positive thinning
response from individual trees,
stand volume growth declines
due to a reduction in growing
stock (Marshall and Curtis 2001).
More significant, the difference
in volume growth loss between
thinned and unthinned SNC-in-
fected stands and their respective
healthy counterparts increases
as foliage retention drops. The
minimal changes in foliage re-
tention and crown sparseness
suggests that it can probably be
attributed to the rate at which trees
are able to capture unclaimed
site resources and respond to
increased growing space. In an
unthinned stand of commercial
thinning age, a trees ability to
capture site resources is limited by
its immediate neighbors—crown
expansion through height growth
is negated to various degrees by
crown recession through shad-
ing, and belowground resources
are shared in a common, though

localized pool. As a result, even
dominant trees are limited in
their growth, whether the stand is
healthy or not. Thinning provides
more space, and hence, more re-
sources to trees, but their ability to
increase their growth by accessing
these resources depends on their
ability to grow into or capture
them. Aboveground expansion,
through heightandbranch growth,
has been found to slow with SNC
infection intensity (Maguire et al.
2002, Mainwaring et al. 2002).
Nothing is known abouthow SNC
affects belowground expansion. A
residual tree with fewer neighbors
laying claim to its groundwater
can use it for growth, but only if
its plumbing can take advantage
of the increase. Experiments have
found that SNC infected trees
show a declined water transport
capacity at the tree, branch and
root levels (Manter 2002). Heav-
ily infected stands that have been
thinned are thus less able to match
the accelerated growth of unin-
fected thinned stands. In contrast,
heavily infected unthinned stands
have a slower-growing basis of
comparison.

It should be remembered that
these are two-year results. Two-
year growth of just-thinned stands
without SNC doesn’t reflect the
full growth potential gained from
thinning. This is mostly due to
the time needed to develop more
crown, and, on poorersites, to so-
called thinning shock (Harrington
and Reukema 1983, DeBell et al.
2002). Results from the retrospec-
tive study, based on 4 to 10 years
of growth following thinning, in-
dicatesimilarlevels of growth loss
(~35%) when comparing the most
heavily infected stands to unin-



fected thinned stands. Because the
individual trees of the uninfected
stands are accelerating in growth
in response to their spacing, the
fact that growth loss in the worst
standsat2 yearsandupto 10 years
is approximately equal indicates
that they also are accelerating in
growth. This fact has been con-
firmed by examining the annual
ring growth from the trees of the
retrospective dataset.

In this dataset, unthinned, yet
heavily infected stands are main-
taining good absolute growth.
The control plot with the lowest
growth is Sam Downs, with 10.92
m?/ha/yr (156 ft*/acre/year) (table
1). The four unthinned stands
with the lowest foliage retention
(average: 1.48 years) produced
13.0 m*/ha/yr (185.8 ft*/ac/yr).
Average cubic volume growth
for the 10 most heavily infected
plots (average foliage retention
=1.76 yrs) is 14.98 m*/ha/yr (214
ft’/ac/year), which, with trees this
size, is about 1000 board feet/
acre/year. Although the growth
of heavily infected thinned plots
is significantly lower, the average
worst case scenario of ~35% cubic
volume growth loss still provides
a better economic return than
western hemlock. In fact, given
current management regimes
and log prices, simple economic
analysis suggests that Douglas-fir
provides a better return than west-
ern hemlock until cubic volume
growth loss approaches 50%.

Two of the shortcomings in
this remeasurement of the first 15
permanentplots will be addressed
with next year’s measurement of
the second set of 15. First, next
year’s set includes 3 plots on the
Elliot forest of the Coos district,

expanding the range of inference.
Second, this setdid nothave many
plots in the moderate infection
range—between 2 and 3 years
of foliage retention. Six of the 15
plots from next year do include
this range, thus providing a bet-
ter coverage of initial infection
intensity.
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INFLUENCE OF Swiss NEepte Cast on DoucLas-FIR
Stem PROPERTIES

Aaron Weiskittel and Doug Maguire, OSU

INTRODUCTION

Stem properties such as shape, heartwood formation rate, and
juvenile wood core size are strongly controlled by the develop-
ment of the crown. Quantitative relationships between stem taper
and crown size and condition have not been explicitly developed,
while other stem properties have not been thoroughly examined
across a range of stand conditions in this region. Swiss needle cast
(SNC) provides an interesting opportunity to begin trying to model
the relationship between crown development and stem properties
as the disease influences both crown size and condition.

Previous work on the impact of SNC on stem properties in-
dicates that the disease leads to significantly narrower sapwood,
narrower growth rings, lower sapwood moisture content, higher
overall wood density, and narrower tracheid cell wall thickness
than normal (Johnson etal. 2003). In addition, Gartner etal. (2003)
indicated that the modulus of elasticity (MOE) and modulus of
rupture (MOR) were higher in stands impacted by SNC, but there
was no association between these variables and the needle reten-
tion of individual trees. However, a primary conclusion of their
research was that results reported in the literature on growth rate
effects on Douglas-fir wood properties are inconsistent and call
for further research in the area. Furthermore, the conclusions from
these studies were based on samples taken only at breast height
and crown base, which may not represent all the changes occur-
ring throughout the stem.

The objectives of this study were, therefore, to determine and
model the influence of SNC on several stem properties such as (a)
shape and taper, (b) vertical distribution of annual increment, (c)
heartwood formation rates, (d) sapwood volume, (e) size of the
juvenile wood core, and (f) bark thickness and cross-sectional area.
It is believed SNC will have a significant impact on each of these
properties largely because of the disease’s influence on crown size
and condition.
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METHODS

Field and lab work

During the spring of 2002 and
winterof 2004, 105 trees were de-
structively sampled and sectioned
for stem analysis. Three to four
trees per stand and ten to fifteen
discs per tree were sampled. The
31 plots were a subsample of those
from both the growth impact (Ma-
guireetal. 2002) and commercial
thinning (Mainwaring etal. 2003)
studies (Table 1).

In the field, each disc was
measured for diameter outside
bark (dob), diameter inside bark
(dib), and heartwood diameter
(hw) alongthe longestand shortest
axes. A subsample of trees were
selected for intensive stem analysis
andthe discs were broughtback to
the laboratory. Annual increment
for the past five growing seasons,

the number of rings in both the
sapwood and heartwood, and
diameter of the juvenile wood
core were measured on four
axes. The juvenile wood core in
this study was defined as the first
15 rings from the pith as it is the
mid-value for the range of typical
juveniletransition ages for second-
growth Douglas-fir as suggested
in Gartner et al. (2002). A total of
1,386 and 311 discs were mea-
sured in the field and laboratory,
respectively.

Data analysis

Bark cross-sectional area,
stem shape, vertical distribution
of annual increment, sapwood
volume, and size of the juvenile
wood core were analyzed by first
fitting a variable exponent taper
model to assess the effects of
SNC on each of these variables.

Table 1. Stand and free attributes of stems selected for analysis.

Variable MEAN STD MIN MAX
STAND

Site index 38.99 23.08 27.70 47.44
Age 31.82 15.11 11.00 62.43
Stems per ha 752.49 673.82 175.00 4408.95
Relative density (Curtis 1982) 8.14 4.02 3.09 18.49
Douglasfir basal area (m*ha)  39.29 23.08 9.97 104.28
Douglasfir QMD (cm) 31.71 10.67 11.41 53.59
Foliage refention 2.42 0.85 1.20 4.38
Distance from coast (km) 19.48 12.74 1.07 53.00
Crown sparseness index 5.34 1.66 1.64 9.67
Tree

DBH (cm) 32.48 11.05 12.50 66.6
HT (m) 25.49 8.38 11.90 45.80
CL (m) 14.31 3.84 6.96 27.20
RHT 0.92 0.1 0.66 0.99
Crown sparseness index 6.99 3.86 2.15 34.94

The models were each fitted with
multi-level random effects and a
specified error structure to ac-
count for the hierarchical nature
of the data and to reduce autocor-
relation between observations.
The resulting equation was then
numerically integrated to estimate
total volume for the stem and
these values were regressed on
other stand variables and foliage
retention.

Influence of SNC on bark
thickness was determined in a
similar manner: a general model
was fit to each plot and the final
parameter estimates were re-
gressed on other stand variables.
The general model form was:

[1] dib = 8, DBH"" +¢,

where dib is diameter inside bark
(cm), dob is diameter at breast
height (cm), the f.'s are parameters
to be estimated for each plot from
the data, and & ™ ~ N(0, o,%).
Similarly, the formation rate
of heartwood was analyzed by
fitting a general model to each plot
and regressing the final param-
eter estimates on stand variables.
The general model was a linear
function between the number of
heartwood rings and cambial age,
having the following form:,

2] HW, =B, + ,,CA? +¢,

rings

where HW,__is the number of
heartwood rings, CA is cambial
age, the /s are parameters to be
estimated for each plot from the
data, ande ™ ~N(0, o,?) (Bjorklund
1999; Pinto 2004). The slope of
this equation indicates the number
of heartwood rings thatare formed

each year.
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REsuLts

Bark thickness and cross-
sectional area

Foliage retention (FOLRET)
did not influence bark thickness.
Barkthickness only showed a posi-
tive relationship with increasing
Douglas-fir stand quadratic mean
diameter. Doubling Douglas-fir
stand quadratic mean diameter
(QMD,,,) only increases mean
bark thickness by 1.4%. A gen-
eral bark thickness equation was,
therefore, used in the stem taper
equation.

Foliage retention, howev-
er, had a significant influence
(p=0.0001) on bark cross-sec-
tional area throughout the stem
after accounting for basal area
times a modified live crown ratio
(BACR), Z (relative height in the
stem), square root of Z, DBH/HT,
DBH/HT*Z, CL (crown length),
and CR (crownratio). On average,
the bark cross-sectional area was
32.3% greateratagiven heightfor
an average-sized tree in a stand

with one year of foliage retention
compared to the same sized tree
inastand with 4 years of retention
(Figure 1).Inan average stand with
one year of foliage retention, total
bark volume has been reduced by
9.9% when compared to an aver-
age stand with four years of reten-
tion after accounting for stand top
height (TOPHT), Douglas-fir stems
per ha (TPH_), and Douglas-fir
relative density (RD_).

Heartwood formation rate

Mean heartwood formation
was 0.83 rings per year and var-
ied from 0.01 to 1.31 rings per
year. The rate of formation was
positively correlated with TPH_,
percent basal area in Douglas-fir
(PBADF), and southern aspect,
while it decreased with improved
siteindex (SI) and FOLRET. The ef-
fect of foliage retention, however,
depended on aspect as indicated
by the significance of their in-
teraction. The mean heartwood
formation rate is 51.9 to 73.5%
greater in stands with high SNC

101,
081 \ ™
0.6- "

0.4+

Relative Height

0.2

FORLET =1

30 40

Bark Cross-sectional Area (cm?)

Figure 1. Predicted bark cross-sectional area profile for an average sized tree (DBH
=31.7cm, HT = 24.8 m, HCB = 12.2 m) in a stand with one (solid line) and four

(dashed line) years of foliage retention.

compared to a healthy stand de-
pending on aspect. In an average
stand with a southern aspect and
afoliage retention of one year, the
heartwood formation rate forma-
tion rate is expected to be 1.56
rings per year.

Stem taper and volume

Foliage retention had a sig-
nificant effect on stem taper
(p=0.0207) after accounting for
DBH and several transformations
of Z. The model had a R? of 0.95
and a likelihood ratio test also
suggested thatinclusion of foliage
retention significantly improved
model fit (p<0.0001). For a given
DBH and relative height, a reduc-
tion of foliage retention signifi-
cantly reduced DIB throughoutthe
stem, except below breast height
(Figure 2).

Mean stand volume losses
due to SNC were estimated to
be 17.5% after accounting for
TOPHT, TPH_, the cosine trans-
formation of aspect (COSA) and
RD,. A significant difference
between stand volumes estimated
using this stem taper equation and
those estimated using Bruce and
DeMars’ (1974) equation existed.
This bias increased with greater
TOPHT and foliage retention,
while it decreased with QMD__
and plot mean crown sparseness
index (CLSA ). Mean bias was
18.68 m? ha' and ranged from
-38.21 to 244.55 m* ha'.

Vertical distribution of annual
increment

Foliage retention had a signifi-
canteffecton the absolute amount
of annual increment (p=0.0061),
but not the relative amount of
annual increment. The crown
sparseness index, however, had
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SNC, except in the upper 20% of
the stem where the mean reduc- Annual Basal Area Increment (cm?)
tion was 8.9% (Figure 3). Mean

Figure 3. Predicted profile of annual basal area increment (cm?) for an average-sized tree
current annual increment (CAl) (D = 31.7 cm, HT = 24.8 m, HCB = 12.2 m, SDI = 714.8, SI = 39.5 m, BA,, = 31.9 m’
was estimated to be reduced by ha’) on a plantation with one (solid line; CLSA = 8.0) and four (dashed line; CLSA = 5.3)
35.8% in a stand with one year of vears of foliage retention over relative (top) and absolute (bottom) stem height.



TOPHT, TPH_, and RD_. For a
given DBH/HT, CL, CR, HCB, and
Z, areduction of foliage retention
significantly reduced sapwood
area throughout the stem, except
below breast height (Figure 4).

Juvenile wood core taper
and volume
Foliage retention did not have

a significant effect on the taper
of the juvenile wood core, while

the crown sparseness index did
show a significant relationship
(p=0.0001) with it after account-
ing for Z, the square root of Z,
DBH/HT, CR, SI, HCB, and basal
area of Douglas-fir (BA_)). The ju-
venile wood core profiles of trees
with differing crown sparseness
indices were similar for nearly
60% of the stem (Figure 5). For
a healthy 30-yr plantation, an
estimated 78.1% of its volume
is in juvenile wood, which can
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Figure 4. Predicted sapwood profile for an average sized tree (DBH = 31.7 cm,
HT =24.8 m, HCB = 12.2 m) in a stand with one (solid line) and four (dashed

line) years of foliage retention.
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Figure 5. Predicted juvenile wood core profile for an average-sized tree (DBH =
31.7 cm, HT = 24.8 m, HCB = 12.2 m) in with a crown sparseness index (CLSA)

of 7.98 (solid line) and 5.28 (dashed line).

range from 70.6 to 85.5% of
stand volume depending on SNC
severity.

DIisCUSSION

Alterations in both the size
and vigor of the crown have led
to significant changes in the stem,
particularly bark cross-sectional
area, heartwood formation rates,
stem taper, and the vertical dis-
tribution of annual increment.
Surprisingly, SNC had little impact
on bark thickness and the juve-
nile wood core size. Similarly,
Brack et al. (1985) found bark
thickness to be highly correlated
with other variables, while bark
cross-sectional area was closely
related with several physiological
variables such as leaf area and
crown condition. The finding that
foliage retention influences bark
cross-sectional area throughout
the stem agrees with this prior
conclusion.

Interms of juvenile wood, Fab-
ris (2000) generally found that the
larger the volume of crown foliage
relative to length of branch-free
stem, the lower the passage from
juvenile wood to mature wood
below the base of the live crown,
resulting in a greater proportion of
juvenile wood. In addition, when
crown ratiowas held constant, the
juvenile wood core profile was
mostly cylindrical with the faster
growing trees showing greater
tapering toward the stump (Fabris
2000). It was believed that the
significant reduction in leaf area
caused by SNC and the resultant
slower stem growth would alter
the juvenile wood core profile in
this study, which appeared not
to be the case. This, however,
may be an artifact of the method



used to reconstruct the juvenile
wood core in this study as a con-
stant transition age of 15 years
was assumed, while the profiles
obtained by Fabris (2000) were
developed from actual transition
ages. Fifteen years is similar to the
value reported for Douglas-fir by
Wellwood and Smith (1962), but
five years lower than most other
studies (Fabris 2000).

The reductions in mean basal
area growth were similar to those
reported in Maguire et al. (2002).
The reduction in volume growth
due to SNC, however, was found
to be much lower than the 52%
reported in that study (Maguire
et al. 2002). This may be to the
alteration in stem shape caused
by the disease, annual weather
fluctuations, and changes in SNC
severity. Similar vertical profiles of
annual incrementis also surprising
giventhesignificant within-crown
modifications imposed by SNC. A
profile comparable to the vertical
distribution of leaf mass presented
in Weiskittel (2004) would be ex-
pected, which suggests a possible
nonlinear relationship between
leaf mass and annual increment.
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