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Project M086018:  Report for 2007/08 

Evaluation of the Impact of N fertilization on mountain pine beetle success in 

mature lodgepole pine stands at the leading edge of an infestation. 

Introduction: 

The purpose of this paper is to review the progress of the nitrogen/MPB/fungi research 

currently underway along the Bear FSR and to present the ongoing objectives for the 

project.  This paper will focus on three main areas that will be looked at are: 1.0 where 

we are, 2.0 tasks to complete in the winter of 2007-2008, 3.0 where the project is going, 

and 4.0 hypothesis and questions.    

 

1.0 Where we are: 

The setup: 

The study site is located at approximately 1400m in the Cascade Forest District (figure 

1).  Thirty 40mX40m plots were established the summer of 2006.  All trees over 7.5cm 

diameter at breast height have been stem mapped.  In the fall of 2006, three fertilizer 

treatments of a control (no fertilizer), 200kgN/ha, and 400 kgN/ha were applied (Figure 

2).  Walking trails have been cleared to each plot (light blue lines, figure 2).  A plot 

identification sign has been located along the trails as you enter a plot.                                                              

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 1: Location of site along the Bear Forest Service Road (Sunset exit on Highway 
97C (Okanagan Connector) 
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 Figure 2: location of plots, treatments, and traps 
 

Nitrogen:  

For foliar analysis, foliage was collected from new shoots taken from 2/3 of the way up 

the crown.  Foliage samples used for nitrogen analysis were collected in bags, kept cool 

for transit, and oven dried at 70oC within 24hrs of collection.   Figure 3 shows the 

comparison between the length of new and old needles taken on August 16, 2007 from 

two trees on 6 plots.  The three fertilizer treatments have resulted in significantly 

different needle lengths (An alpha of 0.05 was used for all statistical analysis within this 

paper).  Figure 4 shows the mean weight of 10 samples of 50 needles collected on 

November 3, 2007 from 2 trees per plot from plots 1 through 15.  These needles were 

ground up and submitted for nitrogen analysis to Pacific Soils using the same needles as 

in the weight analysis.  Figure 5 shows the different nitrogen concentrations across the 

treatments.  There was a significant difference between the control and the two fertilizer 

treatments (however, the 200kgN/ha and 400kgN/ha were not different from each other).  

Phloem samples were collected on November 3, 2007 from a 15cm by 15cm sample 

taken at breast height (1.3m).  Phloem samples were collected in bags, kept cool for 

transit, and oven dried at 70oC within 24hrs of collection.    Figure 6 shows the resulting 
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difference in percent phloem nitrogen across the three treatments based on phloem 

samples from 2 trees from 15 plots.  The 400kgN/ha was different from both the control 

and the 200kgN/ha treatments.  Based on these results we can see that the nitrogen 

fertilizer has been taken up from the tree and there have been responses in both the 

phloem and needles of the lodgepole pine trees.  
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Figure 3: Nitrogen effect on new needles by 
comparing to old needles on 2 trees from 6 plots 
(Collected August 16/07).  The letters show 
significant differences between columns and 
numbers significant differences between rows. 
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Figure 4: Nitrogen effect on mean mass of 10 samples of 50 
needles taken from a pooled sample of 2 trees on each of 
plots 1-15 (Collected November 3, 2007).  Control treatment 
is significantly different from fertilizer treatments. Fertilizer 
treatments are not significantly different (see interaction). 
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Figure 6: Box plot showing the percent nitrogen 
content within the phloem from 2 trees from 15 plots 
(Collected August 22, 2007).  400kgN/ha 
significantly different from Control and 200kgN/ha 
treatments. 
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Figure 5: Box plot showing the percent nitrogen 
content within the needles from 2 trees from plots 1-
15 (Collected November 3, 2007).  All 3 are 
significantly different. 
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MPB within the study site: 

 MPB Baseline Survey: 

In May 2007 a forest health survey was conducted on all lodgepole pine trees in 

the study area.  This survey established the general health of all the trees.  This survey 

also serves as the baseline for the level of MPB within the study site prior to treatments.  

Each tree was first categorized as: clean (no attack), strip-attack (attack in less than all 

cardinal quadrants of the stem), or mass-attack (attack within all cardinal quadrants of the 

stem).  On each attacked tree a gallery was excised to see if there had been brood 

development.  On trees that had brood development a full 15cm by 15cm survey was 

conducted at DBH on the north side of the tree.  Figure 7 shows the stem plot of the 

spring survey showing the spatial distribution of MPB attack within the plot 8.    

 

Tree Baiting for MPB: 

On July 9th and 10th the center tree closest to center was baited with a Mountain 

Pine Beetle Tree Bait (Phero Tech International Inc.).  Six Lindgren Funnel Traps set out 

around the study site to monitor the insect flights.  Figure 2 shows the location of the 

traps as well as the insect the trap was baited for.   

 

MPB Fall Survey: 

In October and November 2007 all lodgepole pine trees were surveyed to 

establish the 2007 MPB attack levels.  The trees again were initially surveyed: dead from 

previous MPB activities, dead not related to MPB, cut-down, clean (no attack), strip-

attack (attack in less than all cardinal quadrants of the stem), or mass-attack (attack 

within all cardinal quadrants of the stem).  On MPB attacked trees the number of pitch 

tubes on each aspect estimated.  All attacked trees then had a 30cm band at breast height 

surveyed for the number of pitch tubes on each aspect.  This band data was used to 

calculate a number of pitch tubes per m2 by aspect.  Figure 8 shows the spatial 

distribution of the current fall MPB attack status by category (colour) for plot 8. 

 

Vegetation plots 

All plots had vegetation surveys done for an 11m diameter circular plot conducted at plot 

center.  The survey included the shrub/regeneration, herbaceous, and moss/lichen layers.
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Figure 7: Plot 8 stem plot showing the spring 2007 distribution of MPB attack. 

Figure 8: Plot 8 stem plot showing the fall 2007 distribution of current MPB attack. 
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2007 Fungi Inoculations: 

On June 26 & 27, 2007 four trees on each plot were selected.  On each plot two of 

these trees were inoculated with ATCC strain of Grosmannie clavigera(=Ophiostoma 

clavigerum) and two trees were inoculated with the KW1407 strain of G. clavigera. 

Inoculations were placed within seven holes, 3 cm apart, on each cardinal direction at 

breast height.  In total there was a density of 28 inoculations per tree.  On July 9 & 10, 

2007 another two trees per plot were inoculated using the same methodology.  This 

inoculation this time used beetles reared in the lab from three bolts taken from a single 

tree that was fell within the study area (just outside plots) in the spring of 2007.  In each 

hole a live beetle was placed and squashed using the bark plug.  The purpose of the MPB 

squash was to look at the trees response to local beetle’s natural microflora.  The trees 

were then peeled between 46 and 47 days after the initial inoculation.  

 The lesion response to each inoculation was then measured.  Figure 9 shows the 

average lesion length to each of the inoculations by nitrogen treatment.  However, there 

was a high degree of variability within plots within fertilizer treatments and in trees 

within plots (both being significantly different).  The ATCC inoculation did show a 

difference in aspect with the north and east aspect having longer lesions than the south 

and west sides (figure 10).  Both Planter (thesis defence) and Six and Bentz (2007) 

support the finding that ATCC decreases virulence as temperatures approach 25-27.5oC. 

Figure 10:  Lesion length in cm by aspect for the 
ATCC fungal inoculation.  Where the north and east 
aspect are different from the south and west aspect. 
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Figure 9:  Lesion length in cm by inoculation type for 
each of the study treatments.  Variation between trees 
and trees within plots was greater then fertilizer 
treatments. 
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2.0 Tasks to Complete, Winter 2007-2008: 

Lab Work: 

On November 4th 2007 a 15cm by 15cm bark/phloem sample was collected on 1 

mass attack tree in plots 1 through 15.  These samples need to be examined in the lab for 

development of life-stages.  Also, the insects collected from the traps this summer should 

be checked in the lab.  This includes the trap collection from the end of August until the 

end of September (when the traps were not regularly checked). 

 

Data Analysis: 

BEC classification: 

The plots need to be classified to site series.   

 

Weather/Tree Data: 

I need to look at the Pennask Summit weather information for the last 2 years 

with particular attention to correlate the temperature with the key beetle development 

phases.  The weather stations temperatures need to be compared with the phloem tree 

temperature data.  Wind and temperature data needs to be evaluated to look at the MPB 

dispersal.  The temperature data, under bark temperatures and trap data should be 

evaluated to see if the timing of the 2 peak beetle flights can be differentiated (cool 

period middle of August through the first week into September). 

 

MPB Data: 

I need to look at the survey data from the fall flight and establish if there is any 

difference in attack density in m2 across the N treatments.  Paine et al. (1997) suggest that 

beetle’s that employ a mass attack strategy will continue to produce aggregation 

pheromones until the host defences has been exhausted.   They introduce the idea that a 

tree with higher fitness should have higher attack density per m2.   A comparison between 

attack density and treatments should be investigated.  The data also needs to be sorted to 

see if there is any trends between treatments and beetle attack within the study.  The 

success of the attack will require an over-wintering success survey in the spring. 
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Write-up and submit: 

The Fungal inoculation treatments should be prepared for journal submission. 

 

Posters:  

I need to prepare a poster presentation for ExpoFor 2008(ABCFP) (intent to submit has 

been submitted). 

 

Presentations: 

At the Southern Interior Silviculture Committee (SISCO) spring 2008 meeting. 

At the Western Forest Insect Work Conference (WFIWC) held in Boulder Colorado, 

April 7-10, 2008.  

  

3.0 Where we are going: 

MPB Surveys: 

In the spring of 2008, a winter-mortality survey on this year’s current attack needs 

to be conducted.  Table 1 shows the current level of attack highlighting, that 1771 pine 

trees will require a spring survey.  Based on this an estimated fourteen hundred 15cm by 

15cm surveys will be required.    

 
Table 1:  2007 Fall MPB attack summary 

Tree Status Number Percent 

Strip Attack Light 474 9.77

Strip Attack Medium 157 3.24

Strip Attack Heavy 1 0.02

Mass Attack Light 34 0.70

Mass  Attack Medium 1009 20.79

Mass  Attack Heavy 96 1.98

Total MPB attacked Pine 1771 36.49
Total non MPB attacked Pine 3082 63.51

Total Pine 4853 100.00
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Phloem Ecosystem: 

Ayres et al. (2000) looked at nitrogen balances associated with fungi D. frontalis 

within Pinus taeda (loblolly pine).  They found nitrogen concentrations associated with 

fungi 8.7-11.6 fold higher than uncolonized phloem (0.86+3% vs. 0.40+1%).  This same 

study found that trees with higher concentrations of nitrogen had larger adult beetles of 

both sexes.   They also related D. frontalis weight at emergence with phloem nitrogen 

content (also, indication of beetle fitness).  The spring survey may provide an opportunity 

to collect phloem to establish what fungi are present and differences in nitrogen 

concentration around the larva galleries.  A survey of the adult beetles size at emergence 

time across the treatments, would measure the nitrogen treatments effect on MPB fitness.  

Bentz and Six (2006), have pointed out that there is conflicting studies on which fungi 

(G. clavigera or O. montium) is more advantages to the development of MPB.  The 

results of this type of survey may help shed light onto different fungi advantageous.  

There is also the question of the associated yeasts and their effect on beetle fitness.  With 

the spring survey (phloem samples) and beetle weight at emergence there is opportunity 

to answer this question.   

Also, changes in the chemistry of the trees should be pursued with a follow up 

meeting with Dr. Shawn Mansfield.  The extra work required would be an adjustment to 

collection phloem samples using liquid nitrogen, time for the lab work (Fall 2008), and 

financing for the analysis tests. 

 

Pine Tree Fitness: 

Waring et al. (1985) suggests that lodgepole pine trees with greater than 100 

grams of wood production per square metre of foliage per year, have reduced mortality to 

MPB attacks.  To establish this number they extracted cores from all tag trees within sub 

plots.  Their leaf area index was derived from a regression of eight trees on their plot.  

We need to establish a measure of fitness for our pine trees.  Some avenues to investigate 

this would be live crown ratios (especially if the regeneration layer is to be stem plotted) 

and use of the new aerial photographs (not yet delivered).  I am not certain that coring the 

trees would give a good measure of this one year’s growth increment of stem.  A possible 

solution would be to investigate the cost and measurement value of using dendrometer 

bands. 
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Fungi Inoculation: 

The 2007 inoculations should be repeated to establish the 2nd year dynamic wound 

response of the trees to the treatments.  Questions regarding the collection of MPB adults 

in the lab and the possible loss of microflora before the adults can be returned to the trees 

need to be investigated.  Allowing the beetles to bore into the tree as apposed to the 

MPB-squash should be discussed.  Different inoculation techniques on a smaller scale 

should be investigated.  Such techniques could include: caging live beetles on trees or 

inoculations where a knife is used to cut a long vertical strip 5mm wide out of the bark, 

then peeled back, inoculated along “artificial gallery”, and then taping the bark piece 

back over.  Finding large diameter un-attacked trees for this years survey maybe 

challenging.  It might be an idea to pre-select the inoculation trees based on previously 

collected data.  Also, due to the high variability between trees and no aspect significance 

with the KW1407 and MPB-squash could we not inoculate the same tree with different 

inoculations?   In 2007 survey some lesion data was lost due to fresh attack where beetles 

made galleries through the lesions.  As a result of this it is recommended to start the 

inoculations 1 to 2 weeks earlier than this year.  Investigation of systemic induce 

resistance (SIR) affect on lesion lengths should be evaluated.  SIR could be evaluated by 

re-inoculation of previous inoculated trees or by inoculating the same tree at two different 

time periods and comparison of lesion response (trees would require protection from 

MPB attack).   

The third dimension of the lesions needs to be measured.  There was a noticeable 

difference between the MPBsq and the KW1407 in depth though their average lesion 

length was similar (figure 8). This years attempt to use TTC did not work.  Cutting a thin 

(0.5-1.0 cm) cookie from select trees at the point of inoculation and using a light table to 

light the area maybe a low cost solution.  We could also try using different stains 

(furniture wood stains) to differentiate the lesion area from the surrounding wood tissue.    

 

Non Host responses: 

Another key area of interest is the effect on the nitrogen treatments on the non 

pine tree component of the plots.  This work would include re-stem plotting the stands to 

include the regeneration layer (all tree species under 7.5cm dbh).  Stem plotting all tree 
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species would be an optimum time to add live crown ratios to the data set.  Foliage from 

spruce and Abies on plots 1-15 was also collected on November 4, 2007.  At this time last 

years growth increment in the regeneration could be evaluated.    

 

Flight Monitoring: 

We should expand our scope to look at the immigration of beetles from near by 

stands.  Using an overview flight in the spring of 2008 and temperature/wind data from 

the previous two years, we could identify locations of possible beetle populations that are 

potential immigrants. With the use of funnel traps within these areas we could establish 

possible differences in flight times.  Washes of beetles from this area could give an 

indication of micro-floral differences associated with immigration beetles.    

 

4.0 Hypothesis and Questions: 
 
The original question:  

The application of nitrogen fertilizer on nitrogen deficient mature lodgepole pine 

trees will increase the trees’ natural defences against MPB and therefore reduce 

the mortality of lodgepole pine to MPB epidemics.   

 

H1:   Will mature lodgepole pine trees respond to fertilization (GW idea).    

            

To date we have shown:    

• increased needle length 
• increased needle weight 
• increased percent nitrogen in needles 
• increased percent nitrogen in phloem 

 

Still need to show:   

• percent nitrogen in phloem/needles year 2 (& 3)  
• increased wood growth/foliage ratios 

     

Year 1: Nitrogen fertilizer has resulted in increased needle length and increase in 

needle/phloem nitrogen concentrations. 
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H2:  Does increased phloem nitrogen affect the growth of fungi? 

 

Results show no significant difference in lesion length of associated fungi by 

treatments.  I need to look at the data by diameter class and possible coring results 

(last 5 year/ previous 5 year growth ratio of trees and tree ages).   

 

Could this be expanded to look at N concentrations around the galleries across 

treatments (need to do liquid Nitrogen?).    

 

Need to repeat previous inoculation experience to look at year 2 (&3) results. 

 

H3:  Fertilized trees are more preferred by attacking MPB. 

 

Need to look at MPB attack density data by diameter classes across treatments to 

see if any trends exist.    

 

H4:  Increase nitrogen concentrations will enhance MPB development. 

 

Spring 15cm by 15cm survey will give a measure of overwintering success (brood 

success).   

Look at fitness of emergent adult beetles across treatments (size of emergent 

adults). 

 

H5: Trees that are attacked and survive will show an increased resistant to repeated attack 

in years 2 and 3 (or trees that are re-inoculation with associated fungi will have a 

decrease in lesion size). 

 

H6: Environmental limitations.  We need to consider conditions such as moisture stress 

on host tree/MPB interactions – methodology to be formulated. (e.g. Bonello et al. 2006, 

p 99). 
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H7: Trees that have been induced with a defined strain of MPB-associated fungi 

(KW1407 or B5) acquire SIR and therefore if the same trees are later re-inoculated with 

the same fungal variant, resulting lesions should be reduced. 

 

Many ideas are now coming to the fore after reading Bonello et al. (2006) and a 

comprehensive plan of attack on some of the following issues will be incorporated in the 

preparation of the proposal (including resources required and their known availability).   

 

• Ontogenetic disease resistance (ODR) or age-related resistance:  Need to 

investigate the theories behind ODR.  ODR refers to idea that resistance to 

pathogens changes with the age of the host (where resistance generally increases 

with age).  (Is there any trends with lesions size related to age of the trees (need to 

relate tree diameter with tree ages from data set). 

 

• Growth/differentiation balance hypothesis (GDBH):  This is the bases of the 

original hypothesis that secondary defence mechanisms in plants variability can 

be related to resource availability (C:N balances) 

 

• Measurement of strength of pine defences response to associated fungi:  Need 

to look at differences across treatments in tree compounds such as: PR-protein, 

terpenoid, phenolic, and others. 

 

Other questions that need investigated: 

• What are the trees uptake and response to fertilization treatments in years 1, 2, 3?  

• What is the increase in wood production per meter square foliage per year on 

treatments?  How will we measure this?  This seems to be the number one 

challenge at the moment (trying to reduce the variability between trees).  

• What are the effects of increased fertilizer in the stem of the trees with respect to 

chemical (sugars, terpenes…) present and nutrients (elements: N, C…)?  Is there a 

measurable response through the amount of attack, success of attack, effects on 

beetle fitness, tree dynamic responses, and fungi responses?  
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