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Abstract: White pine blister rust is an exotic, invasive disease that se-
verely damages and kills white pines in the southern Rocky Mountains.
We evaluated the efficacy of preventive pruning (removing lower
branches) and/or sanitation pruning (removing cankered branches)
to reduce disease impacts in limber (Pinus flexilis James) and Rocky
Mountain bristlecone (P. aristata Eng/m.) pine in two recreation areas
in the southern Rocky Mountains. We compared the benefits of the
different pruning techniques based on the distribution and severity of
cankers, tree height class (small = <20 ft, medium = 20 to 30 ft, and
tall = >30 ft), and treatment feasibility and time. Preventive pruning
removed less than half of all cankers at both sites. The most effective
treatment, sanitation pruning, removed 98 to 100 percent of visible
cankers. Cankers were located throughout tree crowns, and medium
and tall trees had high incidences of cankers in the upper crown.
Threatening cankers (cankers located on branches within 1 ft of or on
the main stem) were common throughout the crowns of trees less than
30 ft tall. In 5 to 10 minutes per tree, crews reliably removed cankers
up to 25 ft with ground based tools. Small and medium-sized trees will
benefit most from pruning because nearly all threatening cankers can

be removed with reasonable effort.

Keywords: trimming, Cronartium ribicola, Pinus flexilis, Pinus aristata,

disease management

Introduction

Limber pine (Pinus flexilis James) and Rocky Mountain
(RM) bristlecone pine (2 aristata Englm.) are important spe-
cies in the southern Rocky Mountains. They provide food and
structure for wildlife, stabilize slopes, help regulate snow re-
tention and runoff, and maintain cover on harsh, rugged sites
where little else can grow (Schoettle 2004). White pine blister
rust (WPBR), caused by the exotic fungus Cronartium ribicola
J.C. Fish, threatens white pine forests in many locations in the
region. The fungus enters through needle stomata and spreads
into branches. The resulting cankers eventually girdle branches
and stems, which can rapidly kill small trees, reduce stand re-
production, and deform or kill larger trees. This can result in
significant economic, aesthetic, and ecological impacts (Kearns
and Jacobi 2007, McDonald and Hoff 2001). Management
strategies to prolong the life of these trees on high-value sites
have not been developed.

Pruning lower branches to prevent potentially lethal

lower stem infections (preventive pruning), used alone or in
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combination with the process of selectively removing cankers
throughout the crown before they reach the main stem (sani-
tation pruning), may reduce the impacts of WPBR. Preventive
pruning has been effective in commercially valuable white
pine species such as western white pine (Pinus monticola
Dougl. ex D. Don) (Hagle and Grasham 1988, Hagle and
others 1989, Hunt 1998), eastern white pine (2 strobus
L.) (Lehrer 1982), and sugar pine (P lambertiana Dougl.)
(O’Hara and others 2010). Preventive pruning is effective
in these species because most lethal infections occur within
the lower crown (generally below 8 ft) where environmental
conditions are more conducive to infection (Hungerford and
others 1982, Hunt 1982, Hunt 1991, Lehrer 1982, Stillinger
1947, Van Arsdel 1961). Removing lower branches not only
removes potentially lethal infections but also sites for future
infection. Sanitation pruning is more costly than preventive
pruning because more time, effort, and training are required
to identify and remove cankers throughout tree crowns rather
than just pruning to a set height.

Several researchers have evaluated the time and effort
required to implement various pruning treatments for tree
improvement and disease management. Foiles (1956) re-
ported that it took one person-day, including administrative
time, travel time, and rest periods, to preventively prune 128
western white pines to 9 ft using hand and pole saws. Hagle
and Grasham (1988) reported that it took one person-day
to complete both preventive and sanitation pruning on 54
western white pines in a 15- to 18-year-old plantation in
Idaho. Studies in other northern Rocky Mountain conifer
species found that standard pruning costs increase exponen-
tially when pruning height exceeds operator height (O’Hara
and others 1995). Information on the time and effort associ-
ated with pruning white pines for disease management in the
southern Rocky Mountains is needed to develop appropriate
treatment guidelines.

This study was conducted to evaluate the potential for us-
ing pruning as a tool to prolong the life of high-value limber
and RM bristlecone pines in areas impacted by WPBR in the
southern Rocky Mountains. The specific objectives were to:
(1) evaluate the distribution and severity of WPBR cankers
by tree size, (2) determine the feasibility and time required to
carry out pruning treatments, and (3) compare the benefits
of various pruning techniques based on canker severity and
distribution, tree size, and treatment time and feasibility. This
study also establishes an opportunity to monitor the long-
term effectiveness of pruning for reducing lethal infections
and extending the life of treated limber and RM bristlecone

pines.

Materials and Methods

Study Sites

Vedauwoo Campground is located in the Medicine Bow
National Forest in southeastern Wyoming along Interstate 80.
The campground lies at 8200 ft in the transition zone between
grasslands and forests composed predominately of limber
pine in association with ponderosa (Pinus ponderosa Dougl.
Ex Laws.) and lodgepole pine (P2 contorta Dougl. ex Loud.)
(Peet 1981). The limber pine ecosystems in this area are heavily
impacted by WPBR but the disease has only been present for
two to three decades (Geils, personal communication; Kearns
2005).

The Mosca Pass site is located in the Great Sand Dunes
National Park and Preserve in the Sangre de Cristo Mountains
of south-central Colorado. The study area extends from 9400
t0 9700 ft in elevation along the upper mile of the Mosca Pass
Trail. The forests are characterized by montane meadows where
limber and RM bristlecone pine dominate hillsides mixed
with ponderosa pine woodlands and white fir (Abies concolor
Gord, and Glend. Lindl) and Douglas-fir (Pseudotsuga men-
ziesii [Mirbel] Franco) forests. WPBR was discovered in this
area in 2003 (Blodgett and Sullivan 2004, Burns 2006) but
the disease has likely been present since the early 1990s (Burns
2006, Kearns and others 2008).

Tree Selection

Treatments were conducted in 2005 and 2006. Each site
was divided into three blocks of approximately equal areas and
available trees. We attempted to select three infected and three
uninfected study trees in each of four diameter at breast height
(dbh, 4.5 ft) classes (1 to 4 inches, greater than 4 to 8 inches,
and greater than 8 inches) per block. Large-diameter trees were
scarce in some blocks so additional trees were included in the
other diameter classes to meet a minimum target of nine infect-
ed trees per treatment. Extra trees were included when feasible
to ensure a minimum number would survive over time. This
resulted in 167 to 197 treated study trees per site, including at
least 108 infected (36 trees in each block) and 54 uninfected
(18 trees in each block) trees. All study trees were randomly
assigned one of four treatments (see the “Pruning and Canker
Removal Treatments” section).

Data collected for each study tree were tree height, dbh
(4.5 ft), age via increment cores at 4.5 ft, number of cankers
removed, evaluation time, treatment time, and information on
the number, height distribution, size, and status of WPBR can-
kers. Treatment time included training field crews, evaluating

tree health, and applying treatments.



Operational data were also collected in the Vedauwoo
Campground. All limber pines within the Vedauwoo
Campground were treated operationally with the exception of
a subset of trees that were randomly selected as study trees.
Only study trees were selected in the Mosca Pass study area.
Operational trees were assigned a treatment based on the prun-
ing crew’s judgment. Crew members selected the treatment
that they presumed to be most effective given the tree’s size
and the distribution and severity of cankers. Data collected
for these trees included the number of cankers and treatment
times. All uninfected operational trees received the preventive
pruning treatment.

Frequency counts, percentage, and means were summarized
by location for descriptive variables—tree age, height, dbh, and
percent live crown; percent of cankers removed by treatment;
average time to conduct treatments; and the distribution of
cankers by height in crowns using PROC FREQ and PROC
MEANS in SAS/Stat Version 9.2 (SAS Institute, Cary, North
Carolina). PROC GLM was used to fit a one-way general lin-
ear model to estimate least squares means of the total time
needed for rating and pruning for the various treatment ef-
fects. The total time in minutes was transformed by square root
to account for skewed data. Pair-wise comparisons between
treatments were done with t-test since the treatment effect was
significant (P<0.05)

Pruning and Canker Removal Treatments

Each tree was assigned one of four treatments:

1. No treatment.

2. Preventive pruning (pruning all branches flush with the
branch collar, up to 7 ft or 40 percent of the live crown,

whichever was less).

3. Preventive pruning and sanitation pruning/canker excising

(removal of all visible cankers).

4. Sanitation pruning/canker excising.

Branch cankers located more than 4 ft from the main stem
were removed 1 ft down the branch from the leading edge of
the canker if the remaining branch had foliage (partial branch
removal). The entire branch was removed if the canker was
within 4 ft of the main stem. Cankers were considered threat-
ening if they were on the main stem or located on a branch
within 1 ft of the main stem (to account for proximal branch
canker expansion). If stem cankers impacted less than 40 per-
cent of the stem’s circumference, they were excised by removing
the bark at least 3 inches outside of the canker margin. Trees
were considered fatally infected if they had stem cankers that

would girdle and kill the tree or if removal of extensive branch
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cankers would remove over 50 percent of the crown. Trees
that were fatally infected with WPBR were excluded from the
study. WPBR cankers were confirmed by the presence of aecia
blisters; if aecia were not visible, at least two of the following
indicators had to be present: discoloration, abnormal swelling,
expanding areas of rodent chewing, flagging, and evidence of

past blistering (roughened bark).

Crews and Tools

Crews of two to three people surveyed and treated trees. One
crew member recorded data and the remaining members took
field measurements and applied treatments. Crews used 10- to
14-inch folding or rigid handsaws to remove lower branches.
Cankers that were higher in the crown were removed with ex-
tendable pole pruners and pole saws. Gas-powered chain saws
with extendable poles were used at Vedauwoo Campground.

Scribing knives were used to excise stem cankers.

Results

Limber pine was the predominant tree species (59.3 per-
cent) in Vedauwoo Campground. The remaining trees were
ponderosa pine (35.7 percent), Douglas-fir (2.2 percent),
quaking aspen (Populus tremuloides Michx.) (1.7 percent),
lodgepole pine (0.6 percent), subalpine fir (Abies lasiocarpa
[Hook.] Nutt.) (0.3 percent), and Engelmann spruce (Picea
engelmannii Parry ex Engelm.) (0.2 percent). Eighty percent of
surveyed limber pines were infected with WPBR and 33 per-
cent (221 of 677 trees) had been killed by the disease. Within
the campground, 410 limber pines were treated, including 213
operational and 197 study trees. A complete disease incidence
survey was not completed at Mosca Pass. However, a 2004
survey found an average disease incidence in the area of 14 per-
cent, and 60 percent of infected trees had threatening cankers
(Burns 2006). Fourteen (9 percent) of the study trees at Mosca
Pass were RM bristlecone pines and 153 (91 percent) were lim-
ber pines. Mosca Pass and Vedauwoo Campground trees were
similar in average dbh (8.0 and 8.1 inches, respectively) and
height (23.5 and 24.7 ft) but differed substantially in age (50.9
and 86.5) and percent live crown (86.6 percent and 69.4 per-
cent), respectively (Table 1).

Distribution and Severity of Cankers

WPBR cankers were located throughout tree crowns at both
locations. The percentage of cankers occurring in the upper
half of the crown for small (<20 ft), medium (20 to 30 ft), and
tall (>30 ft) trees was 67, 70, and 76 percent, respectively, at
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Table 1. Attributes of limber and RM bristlecone pine study trees at
Mosca Pass, Colorado, and Vedauwoo Campground, Wyoming,
2005 to 2006.

Mosca Pass  Vedauwoo Campground
n=167 n=197
Mean (SE) Mean (SE)
Age (yr) 50.9 (x2.2) 86.5 (x2.2)
Height (ft) 24.7 (£ 0.3) 23.5(x0.4)
dbh (in) 8.0 (+ 0.28) 8.1 (£ 0.30)
Percent live crown (%)
Uninfected trees 86.6 (+ 3.8) 69.4 (= 3.9)
Infected trees 86.0 (= 4.1) 69.0 (= 4.1)

Vedauwoo Campground and 48, 51, and 70 percent, respec-
tively, at Mosca Pass (Figures 1 and 2). Threatening cankers
were located throughout the crown of small trees at Mosca Pass
but were more frequent in the upper half of the crowns of small
trees at Vedauwoo Campground. Threatening cankers occurred
mainly in the upper crown of medium (70 and 77 percent) and
large trees (100 and 82 percent) at Mosca Pass and Vedauwoo
Campground, respectively (Figure 2).

Most branch cankers were located far from the stem and
therefore were not considered threatening cankers. The average
distance of branch cankers from the main stem increased by
tree height class at both sites and was 2.6 + 2.0 ft (standard er-
ror) and 3.3 + 2.8 ft for small trees, 5.0 + 3.3 ftand 4.6 + 3.1 ft
for medium trees, and 6.8 + 2.9 ft and 5.9 + 3.8 ft for large

trees at Mosca Pass and Vedauwoo Campground, respectively.

Treatment Time and Feasibility

Based on the operational treatments conducted in this
study, it is feasible for one person to locate, rate, and prune
(preventive and/or sanitation) at least 32 trees in a typical work
day, including travel time and rest periods (Table 3). It took 30
to 35 minutes per tree to apply treatments and record extensive
data but only 5 to 10 minutes per tree to apply treatments
to operational trees (Table 2). The average treatment time per
tree for all pruning treatments combined was 4.9 + 0.6 to
10.1 + 1.8 minutes while operational treatments took 8.0 +
0.6 minutes per tree. Data recording in an operational program
would be minimal and the efficiency of the project would be
much better than the values noted in Tables 2 and 3.

Generally, treatments took longer to implement at Mosca
Pass since the terrain was more rugged and we were restricted
to using manual equipment (Table 3). Treatments 1, 2, and 4
took significantly less time than treatment 3 on infected trees at
Vedauwoo Campground, but there were no significant differ-
ences in times between the various treatments for infected trees
at Mosca Pass. The time required to rate and prune healthy
trees ranged from 5 to 11 minutes (Table 3).

Hand saws were the preferred tool for preventive pruning.
Sanitation pruning was easiest in the lower crown with exten-
sion pole side-cutting pruners. Crews were able to remove
cankers below 25 ft and occasionally as high as 34 ft although
tools became difficult to maneuver above 15 ft. Gas-powered
chain saws on extended poles were effective at removing can-
kers up to 15 ft but required more skill to operate. Fortunately,
pruned branches were fairly small and easy to cut, averaging
3.0 + 0.2 SE inches in diameter at the stem for total branch

removals and 1.0 0.1 SE inches for partial branch removals.

Benefits of Pruning

Preventive, preventive and sanitation, and sanitation treat-
ments removed 21, 92, and 100 percent of all cankers from
trees at Vedauwoo Campground, respectively, and 45, 98, and
98 percent of all cankers at Mosca Pass, respectively (Table 4).
Preventive pruning was the least effective treatment overall and
was ineffective for removing threatening cankers from medium
and tall trees and moderately effective for removing threat-
ening cankers from small trees (Table 4). Sanitation pruning
removed the most cankers (98 to 100 percent) (Table 2). When
sanitation pruning was combined with preventive pruning, the
percentage of cankers removed was slightly lower in some tree
size classes. The slightly lower percent of cankers removed was
not because of the combined effort because of the type of trees
and canker distribution that happened to be in that population
of trees were harder to reach and remove.

The percentage of cankers within the preventive pruning
height (lower 7 ft or 40 percent of the crown, whichever was
less) on small, medium, and tall trees was 52, 24, and 7 per-
cent at Mosca DPass, respectively, and 47, 12, and 5 percent
at Vedauwoo Campground, respectively. These lower can-
kers accounted for 42 percent of all cankers at Mosca Pass
and 21 percent of all cankers at Vedauwoo Campground.
Therefore, preventive pruning removed less than half of all
cankers at Mosca Pass and less than one quarter of all cankers

at Vedauwoo Campground.

Discussion

Branch cankers and threatening cankers were distributed
throughout the crowns of limber and RM bristlecone pine of
all sizes in the southern Rocky Mountains. On trees greater
than 20 ft tall, most branch cankers were located far from the
main stem and above standard pruning height, and the major-
ity of threatening cankers were located in the upper crown.

On trees less than 20 ft tall, approximately half of all cankers
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Mosca Pass, Colorado Vedauwoo Campground, Wyoming
Small Trees — Trees Less Than 20 Feet Tall

90-100% 90-100%
80-90% 80-90%
70-80% 70-80%
60-70% 60-70%
50-60% 50-60%
40-50% 40-50%
30-40% 30-40%
20-30% 20-30%
10-20% 10-20%
0-10% 0-10%

t T 1 T T T T

0 15 30 45 60

% of Total Tree Height
% of Total Tree Height

T T 1

0 15 30 45 60 75

Number of Cankers Number of Cankers

Medium Trees — Trees Between 20 and 30 Feet Tall

90-100% 90-100%
80-90% 80-90%
70-80% 70-80%
60-70% 60-70%
50-60% 50-60%
40-50% 40-50%
30-40% 30-40%
20-30% 20-30%
10-20% 10-20%
0-10% 0-10%

t T T T T 1

0 15 30 45 60 78

% of Total Tree Height
% of Total Tree Height

+ T T T T 1

0 15 30 45 60 75
Number of Cankers Number of Cankers

Tall Trees — Trees Over 30 Feet Tall

90-100% 90-100%
80-90% 80-90%
70-80% 70-80%
60-70% 60-70%
50-60% 50-60%
40-50% 40-50%
30-40% 30-40%
20-30% 20-30%
10-20% 10-20%
0-10% 0-10%
1 T T T T
5 5 0 15 30 45 60

Number of Cankers Number of Cankers

% of Total Tree Height
% of Total Tree Height

Figure 1. General depiction of all white pine blister rust branch and stem canker locations in crowns of small, medium, and tall trees in Mosca
Pass, Colorado, and Vedauwoo Campground, Wyoming. Mosca Pass total cankers n = 687; small tree n = 74, cankers n = 218; medium
tree n = 53, cankers n = 306; tall trees n = 40, cankers n = 163. Vedauwoo campground total cankers n = 948; small tree n = 97, cankers n
= 255; medium tree n = 76, cankers n = 416; tall trees n = 21, cankers n = 245.
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Mosca Pass, Colorado

Vedauwoo Campground, Wyoming

Small Trees — Trees Less Than 20 Feet Tall
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(=]

90-100%
80-90%
70-80%
60-70%
50-60%
40-50%
30-40%
20-30%
10-20%

0-10%

% of Total Tree Height

T

T T 1

4 8 12 16

Number of Cankers

% of Total Tree Height

90-100%
80-90%
70-80%
60-70%
50-60%
40-50%
30-40%
20-30%
10-20%

0-10%

t T T T 1

4 8 12 16
Number of Cankers

(=]

Tall Trees — Trees Over 30 Feet Tall

(=}

cankers n = 16.

4

T T 1

8 12 16

Number of Cankers

% of Total Tree Height

90-100%
80-90%
70-80%
60-70%
50-60%
40-50% [
30-40%
20-30%
10-20% |EEEE

0-10%

T T T 1

4 8 12 16
Number of Cankers

<

Figure 2. General depiction of white pine blister rust threatening canker (stem cankers and branch cankers within 1 ft of the main stem)
locations in crowns of small, medium, and tall trees in Mosca Pass, Colorado, and Vedauwoo Campground, Wyoming. Mosca
Pass total cankers n = 123; small tree n = 73, cankers n = 98; medium tree n = 53, cankers n = 44; tall trees n = 40, cankers n = 6.
Vedauwoo campground total cankers n = 163; small tree n = 97, cankers n = 74; medium tree n = 76, cankers n = 62; tall trees n = 2,
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Table 2. Average time and number of people needed to treat trees with preventive and sanitation pruning at Mosca Pass,
Colorado, and Vedauwoo Campground, Wyoming.

Location
Mosca Pass  Vedauwoo Campground  Vedauwoo Campground
study trees study trees operational trees
Trees treated per day by crew 23.8 39.2 66°
Crews per day 2.3 1.8 2.3
People per crew 3.7 3.2 3.5
Person-hours per day? 32 39.6 37.1
Time to apply treatments 2 through 4/tree (min.) 10.1 4.9 8.0
Time to gather data/tree (min.) 12.2 7.3 na‘
Total time to locate, rate, and treat each tree (min.) 34.8 30.0 14.4

2 Person-hours per day: total number hours worked by personnel each day (for example, at Mosca Pass, 2.3 crews of 3.7 people
took 32 hours to treat 23.8 trees per day, on average).

bBecause treatment 1 was “no treatment,” it was not included.

¢Operational trees treated per day included trees with no treatment needed and excluded trees that were too diseased to warrant
treatment.

4na = no data were collected on the cankers on these operational trees.

Table 3. Average time to assess and treat trees according to pruning treatment applied at Mosca Pass, Colorado, and Vedauwoo

Campground, Wyoming.

Location
Mosca Pass Vedauwoo Campground

Trees with time (95% Trees with time (95%

recorded/total confidence  recorded/ total confidence
Treatment? trees (n/n) Minutes? interval) trees (n/n) Minutes” interval)
1-Infected trees 17/30 14.5ab (10.1-19.6) 28/34 8.9bc (6.6-11.5)
2-Infected trees 8/24 13.4ab (7.63-20.9) 31/31 8.6bc (6.4-11.0)
3-Infected trees 15/27 19.7b (14.3-26.0) 29/29 14.4d (11.5-17.6)
4—Infected trees 15/28 22.9b 17.0-29.7) 34/34 11.3cd (8.9-13.9)
1-Healthy trees 13/26 10.4a (6.3-15.5) 28/33 4.7a (3.1-6.6)
2-Healthy trees 12/31 11.4 a (7.6-15.9) 30/35 6.1ab (4.4-8.2)

2 Treatment 1-No treatment; Treatment 2—Preventive pruning (removing all branches up to 7 ft or 40 percent of the live crown);
Treatment 3—Preventive and sanitation pruning; Treatment 4-Sanitation pruning (removal of all visible cankers). Treatment 1
and 2 on healthy trees were “No treatment” and “Preventive pruning,” respectively.

> Minutes: time to assess and treat-means followed by same letter

within a location are not significantly different based on

pair wise t-test (P<0.05). No analysis is provided to compare between locations since the conditions, crew, and trees were

different at each location.

occurred within the standard pruning height and were much
closer to the main stem, but threatening cankers were common
throughout their crowns. These distribution patterns suggest
that the urgency for treatment is greatest in small trees.

We found that one worker can treat approximately 32 trees
per day in an operational mode. This level of productivity seems
reasonable for high-value limber and RM bristlecone pines
even though significantly more time and effort was required
for these species than was required for similar treatments docu-
mented in other white pine species. The wide distribution of
cankers within tree crowns of limber and RM bristlecone pine
requires more skill for identification and removal, and rugged
terrain is typical where these species grow. Smaller trees (less
than 25 ft tall) are optimum candidates for treatment because
cankers can be identified more effectively and the entire crown

can be reached with ground based equipment. The optimum

time for locating cankers is in early summer when rust sporula-
tion makes cankers easier to locate.

Obviously, pruning to a set height requires less skill and,
therefore, would likely be easier to implement. However,
preventive pruning would likely provide little long-term ben-
efit to limber or RM bristlecone pine in the southern Rocky
Mountains, regardless of tree size. In the short term, it could
prevent some threatening cankers from girdling the main
stem but many cankers would be missed in the upper crown.
Preventive pruning is successful in other regions on other white
pine species in part because most infections occur in the lower
crown (Hunt 1998). In those ecosystems, diurnal fog cycles
take place close to the ground, creating favorable conditions
for infection (Hunt 1998, Van Arsdel 1961). Limber pine and
RM bristlecone pine often occur in open woodland ecosystems

where humidity events near the ground are rare. However,
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Table 4. Percent of white pine blister rust cankers removed by pruning at Mosca Pass and Vedauwoo Campground, 2005 to 2006.

Pruning treatment

Preventive Preventive and sanitation Sanitation

Threatening Threatening Threatening

Study site All cankers® cankers® All cankers cankers All cankers cankers
Tree size % % % % % %
Mosca Pass
Small trees 75 74 98 96 98 100
Medium trees 47 0 98 90 100 100
Tall trees 14 na‘ 98 na 96 na
Overall 45 37 98 93 98 100
Vedauwoo Campground
Small trees 44 44 92 88 100 100
Medium trees 10 0 98 97 99 100
Tall trees 9 0 86 56 100 na
Overall 21 15 92 80 100 100

2 All cankers: Mosca Pass total cankers n = 687; small tree n = 74, cankers n = 218; medium tree n = 53, cankers n = 306;
tall tree n = 40, cankers n = 163; Vedauwoo campground total cankers n = 948; small tree n = 97, cankers n = 255; medium tree
n =76, cankers n = 416; tall trees n = 21, cankers n = 245.

®Threatening cankers: Mosca Pass total cankers n = 123; small tree n = 73, cankers n = 98; medium tree n = 53, cankers n = 44;
tall trees n = 40, cankers n = 6; Vedauwoo campground cankers n = 163; small tree n = 97, cankers n = 74; medium tree n =76,

cankers n = 62; tall trees n = 21, cankers n = 16.

na = no threatening cankers occurred in this tree size class and treatment combination.

large-scale weather systems settle over these ecosystems infre-
quently, creating favorable conditions for infection extending
above the height of the relatively short white pines of the re-
gion (Jacobi and others 2002).

Epicormic branches and needles growing on lower stems
and larger branches of trees shorter than 20 ft is common in
white pines of the region. These short branches and needles
offer the WPBR fungus a direct entrance to the main stem
since the needles are within 0.5 inches of the stem. Thus, even
though traditional preventive pruning may not be warranted as
such, we recommend it on trees shorter than 20 ft, and we rec-
ommend removing epicormic branches and needles that occur
within a foot of the main stem on all trees while implementing
treatments. This is very easy to do with small hand saws or
clippers while implementing sanitation pruning, and it will re-
duce the chance of these highly susceptible branches becoming
infected and girdling the main stem.

Sanitation pruning is likely the most effective treatment op-
tion for all size classes, but treatments are most warranted and
will be most successful on trees less than 25 ft tall. Preventive
pruning missed a large number of cankers located above the
standard pruning height, and there was no added benefit when
sanitation and preventive pruning were combined. Proximal
canker expansion is only about 2 to 5 inches per year, so the
efficacy of branch canker removal in upper tree crowns is ques-
tionable (Kearns and others 2008). However, serious decline,
mortality, and loss of cone bearing branches occur when trees
have many branch infections, and seriously weakened trees

may become susceptible to various bark beetles and canker

diseases. Initially, there was concern that pruning might attract
bark or twig beetles, but we found no evidence of any type of
bark beetle attacks directly related to treatments or other stress-
es three years after treatment at Mosca Pass and Vedauwoo
Campground. (Data not shown.)

Complete sanitation of infected trees greater than 25 ft tall
is unlikely due to the high incidence of cankers in the upper
crown. These larger limber pines also typically have a broad
and often multi-stemmed growth form that increases the dif-
ficulty of identifying infections and applying treatments. A
high-lifc device that supplements ground based equipment
would be useful for removing cankers in the upper portions
of larger trees.

Using volunteers and workers who are not trained in arbori-
cultural activities proved to be adequate for pruning trees. The
amount of training and follow up work with these crews varied
depending on their interest in the project. Understanding the
infection process and colonization by the rust fungus helped

ensure proper treatments were applied.

Conclusion

The decision to implement pruning treatments must be
weighed against the value of keeping trees on these sites. In
many recreation areas in the southern Rocky Mountains,
limber and RM bristlecone pine are a major, if not sole, tree
component. These trees are subjected to tremendous stress by a

multitude of factors such as severe site and weather conditions,



WPBR, heavy recreational use, and bark beetles that impact tree
vigor and regeneration rates. WPBR cankers occur throughout
the crown, and some cankers in the tops of crowns were dif-
ficult to remove with standard pruning equipment; however,
most threatening cankers can be removed with reasonable ef-
fort on smaller trees. Thus, sanitation pruning on all trees, with
preventative pruning on trees 20 ft or shorter to remove small
and epicormic branches, repeated every five years may be a vi-
able management option for maintaining high-value trees for
gene conservation or landscape use on recreation sites in the
southern Rocky Mountains. Treated trees should be monitored
frequently following treatment, and treatments may need to
be repeated every three to five years to remove missed or new
cankers if WPBR incidence and severity is high at a specific lo-
cation. If there are limited resources, repeat treatments should
focus on large trees that add the greatest value to the site and on
smaller trees since branch cankers can easily become threaten-
ing and girdle the tree.

Major points for operational pruning:

e Pruning limber pine trees to prevent WPBR mortality is
primarily feasible for high-value trees such as those in

campgrounds and similar locations.

 Sanitation pruning coupled with removal of epicormic
branches and needles can be carried out on trees less than

25 ft tall with ground based pruning equipment.

e The time needed to prune trees is 5 to 10 minutes, but it
could be more depending on the tree height and number

of cankers.

* Pruning should be done when the orange aecial blisters are

visible—usually June 1st through the 20th.

e Pruning and careful inspection should be carried out at
three- to five-year intervals depending on the incidence and

severity of the rust.

* Pruning should not be attempted on trees with cankers on
more than 50 percent of the branches because the tree will

probably not survive the removal of that much of the crown.
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