
 

  

       

 

      

 

 

      

 

 

  

  

       

 

         

         

         

          

                 

 

       

       

        

      

      

          

          

     

       

       

       

           

      

     

        

         

     

       

             

     

       

TITLE: White Pine Needle Damage (WPND) in the northeast: Characterization and distribution of 

fungi associated with needle damage and effect of climate on disease development and spread. 

LOCATION: Maine, Massachusetts, New Hampshire, and Vermont 

DATE: September 30, 2012 

DURATION: Year 1 of 3-year project FUNDING SOURCE: Base 

PROJECT LEADER: Kirk D. Broders, University of New Hampshire, (603) 862-4542, 

kirk.broders@unh.edu 

COOPERATORS: Isabel Munck, USDA Forest Service, Durham, NH 

FHP SPONSOR/CONTACT: Isabel Munck, USDA Forest Service, 271 Mast Rd., Durham, NH 

03824. (603) 868-7637. imunck@fs.fed.us 

PROJECT OBJECTIVES: 

1) Evaluate and characterize the fungi associated with WPND in the northeastern United States 

2) Develop a model to predict disease severity and spread of WPND based on climatic data. 

3) Develop a diagnostic assay for the detection of fungal pathogen(s) associated with WPND to 

determine frequency and distribution of latent infections. 

JUSTIFICATION: 

a. Linkage to FHM program. There has been a substantial increase in the number of reports of 

WPND in the last four years as evidenced by the Forest Health Monitoring reports from Maine, 

New Hampshire and Vermont. In addition, a recent forest service pest alert, “Eastern White Pine 

Needle Damage,” outlined the importance of this emerging problem on white pine in the northeast 

(Munck et al. 2011) and its potential to be a problem in all regions of the United States and Canada 

where eastern white pine is grown.  

b. Significance/Impact of forest health issue. Eastern white pine is a crucial ecological and 

economic component of forests in the northern USA and eastern Canada, and is now facing an 

emerging problem in WPND that will likely remain a problem in years with excessive moisture. 

WPND may result from one, or the combination of several fungal pathogens. In addition to brown 

spot caused by Mycosphaerella dearnessii, several other species of fungi have been isolated from 

diseased pine needles at a high frequency by the author that may represent novel pathogens on 

white pine that have yet to be described. Unfortunately, there is still limited information on the 

basic etiology and epidemiology of these potential pathogens particularly on eastern white pine. 

While mortality resulting from WPND has not been reported, continued defoliation of trees will 

lead to weaker trees that are more compromised to other biotic and abiotic stresses. This research 

will provide much needed information on the organisms causing the defoliation and the long-term 

effects of repeated defoliation, and climatic conditions that lead to disease epidemics and spread.  

c. Scientific Basis/Feasibility. This project has a high probability of success as a new PhD student 

has already isolated and begun characterizing fungi associated with diseased pine needles from 

eight locations in Maine, New Hampshire, and Vermont, and has started the molecular classification 

of several novel fungi isolated to date. In addition, thirty-five white pine saplings were donated by 

the New Hampshire State Nursery and have been potted in the greenhouses at UNH and 

inoculations will commence in the autumn of 2012. By performing inoculation experiments with 

potential pathogenic fungi, along with molecular characterization of these fungi, we will determine 

if WPND is caused primarily by M. dearnessii or a complex of fungal pathogens and gain a greater 

understanding of the genetic diversity of these pathogens in northeastern pine populations. In 

addition, data loggers were purchased by the USFS-Durham Field office and distributed to 14 sites 

FHM, 1, Broders
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in Maine, New Hampshire, Massachusetts, and Vermont, covering four climatic zones and locations 

where WPND is present as well as control plots where there is no disease (Appendix I). By 

including climatic data from 14 locations (10 with disease; 4 healthy) over 3 years, valuable 

information will be collected to improve our understanding of conditions that are favorable to 

disease spread. The proposed work enjoys a strong partnership between UNH and the USFS-

Durham Field office that will allow us to stay abreast of any new outbreaks or reports of WPND in 

the region. The project director has the experience in fungal phylogenetics, population genetics, and 

ecology (Broders & Boland 2011; Broders et al. 2007; Broders et al. 2012; Broders et al. 2009) as 

well as experience in molecular diagnostic assay development (Broders & Boland 2010) and 

multivariate and non-parametric statistics (Broders et al. 2012; Broders et al. 2009) to complete the 

objectives proposed.  

d. Cost/Economic Efficiency. The authors are confident that the overall scope of this project more 

than justifies the budget requested. The PhD student working on this project will be supported 

during the first two academic years by the Department of Molecular, Cellular, and Biomedical 

Sciences at UNH and during the summer for all three years by the USFS STEP program, which 

represents a substantial reduction in project costs attributed to the Forest Service. Through academic 

year and summer faculty time, and waved indirect costs, all coming from UNH, the PI has been able 

to provide 50% of the total project cost, thereby making the project economically efficient both for 

the Forest Health Monitoring program and the PI. Given the significance, scope, feasibility, and 

economic efficiency of this project, the authors are confident that, dollar for dollar, this project will 

provide a number of both applied and basic outcomes and outputs that will benefit forest managers, 

land owners, municipalities, timber producers, as well as the broader scientific community. 

e. Priority Issues. This proposal meets several priority issues including the effect of climate 

change on forests and forest pests, as unusual weather events such as warmer wetter springs may 

play an important role in WPND epidemics. This project will also fill important gaps in disease 

risk models since little is currently known about the basic etiology and epidemiology of the fungi 

associated with WPND and the climatic conditions required for disease epidemics and spread.  

DESCRIPTION:   

a. Background: Concern over WPND has expanded to an international level as important pine 

growing regions including the U.S.A, Canada, and Europe have been affected by this problem. We 

have initiated collaborations with researchers in these respective regions to characterize the fungi 

responsible for this damage and develop detection methods to identify these pathogens. In 2010 

these fungi were responsible for 60,218 acres of damage to white pine forests in Maine (Frament et 

al. 2011) and 12,102 and 3,696 acres of damage to white pine in New Hampshire and Vermont, 

respectively, in 2012 (Frament per. comm.). In preliminary work by the authors, these symptoms 

were primarily attributed to the fungal pathogen M. dearnessii and on occasion Canavirgella 

bandfieldii and Bifusella linearis. However, three other species of fungi were frequently recovered 

from diseased pine needles, and in several locations a species other than M. dearnessii appeared to 

be the dominant needle pathogen. It is hypothesized that several consecutive years with wetter and 

warmer than average weather during the spring created an environment conducive to an epidemic of 

these fungi. Given many climate-change scenarios (Frumhoff et al. 2007), it is likely epidemics of 

WPND will become more common, as these fungi are able to survive the less harsh winters and 

produce more spores during the longer summers. However, not enough information is known about 

the fungi associated with WPND, or the climatic factors that favor or inhibit epidemics of these 

fungi. Having this information will lead to the development of better predictive models and the 

establishment of sound management recommendations.  

FHM, 2, Broders
 



 

  

         

         

       

        

    

       

     

      

        

     

      

        

      

          

     

      

      

            

         

 

  

       

 

   

   

       

  

 

      

     

      

     

       

        

       

     

        

    

       

      

           

          

      

 

b. Methods: Pathogenicity trials. To determine if fungi isolated from diseased pine needles are in 

fact the disease-causing organism, we will conduct greenhouse inoculations with each isolate on 2

year-old P. stobus saplings. Disease severity will be measured for each isolate, and the fungus will 

be re-isolated from diseased tissue to complete Koch’s postulates. Model Development. Climatic 

data including relative humidity (RH), temperature, and precipitation will be collected on an hourly 

(h) basis using monitoring devices at each of the 15 locations (Appendix I), and weather data from 

airports, National Forests, and other permanent weather stations will be included in our analyses. 

Several predictor variables will be obtained from (i) the calculation of daily minimums, maximums, 

averages, and sums; (ii) the duration (h) that pre-specified conditions are met; (ii) the functional 

response to temperature and moisture; and (iv) the calculation of interaction terms between 

predictor variables. A nonparametric analysis will be used to identify predictor variables potentially 

associated with WPND epidemic status. Logistic regression will be used to model the relationship 

between WPND epidemics and these predictor variables. Diagnostic Assay Development. We will 

utilize sequence data from the ITS1-5.8S-ITS2 region of the rDNA to develop primers specific to 

each species of fungi associated with WPND. A multiplex quantitative polymerase chain reaction 

(Q-PCR) will be employed for the identification and quantification of each of the species associated 

with WPND simultaneously. This diagnostic assay will also allow for the detection and monitoring 

of latent infections, which is the state when a host is infected with a pathogen but does not show any 

symptoms that have been hypothesized to be the source of inoculum for the subsequent years’ 

epidemic. 

c. Products:  

•	 Elucidate the causal organism(s) contributing to epidemics of WPND 

•	 A comprehensive map showing current distribution of M. dearnessii, and other potential 

fungi associated with WPND in the northeast 

•	 A multiplex diagnostic assay for the detection of symptomatic and latent infections 

•	 A model to predict the potential of WPND disease spread based on climatic data 

•	 Peer-reviewed journal publications and poster presentations at FHM Working Group 

meetings 

d. Schedule of Activities: 

Year 1 (2013): Set up greenhouse inoculation experiments. Morphological and molecular 

characterization of unknown fungal isolates associated with WPND. Isolate and identify fungi from 

other locations with reported disease outbreaks. Develop and synthesize species-specific primers 

and optimize the diagnostic assay. Begin recording weather data and incidence and severity data. 

Year 2 (2014): Continue identifying fungi from locations with disease outbreaks. Begin evaluating 

healthy trees for the presence of latent infections using diagnostic assay. Begin developing models 

based on weather data and attend meetings to present results from greenhouse inoculations and 

distribution of fungi causing WPND. Year 3 (2015): Complete data collection, and finish analyzing 

climatic data for model development. Prepare manuscripts for publication and present data at 

meetings.  

e. Progress/Accomplishments: Study sites and weather data loggers have already been established 

(see map in Appendix I) in Maine (6), New Hampshire (2), Massachusetts (1), and Vermont (5). In 

8 of these sites, 8 to 10 pairs of healthy and diseased mature trees were tagged to monitor the long-

term effects of WPND on pine health (Appendix I). These trees will be cored to determine how 

WPND is affecting their growth. A collection of fungi isolated from diseased needles at eight sites 

throughout Maine, New Hampshire and Vermont, has been established and is ready to be used in 

inoculation experiments, diagnostic assay development, and isolate characterization. 
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COSTS:
 
Item Requested FHM Funding Other-Source Funding

d 
Source 

YEAR 2012 

Administration Salary
a 

24,835 21,318 UNH 

Overhead 3,434 18,666 UNH 

Travel
b 

1,500 

Procurements Supplies
c 

8,000 

Totals 2013 $37,769 $39,984 

YEAR 2013 

Administration Salary 24812 21,984 UNH 
Overhead 3,431 18,888 UNH 

Travel 1,500 

Procurements Supplies 8,000 

Total 2014 $37,743 $40,872 

YEAR 2014 

Administration Salary 15,706 22,644 UNH 

Tuition 19,814 

Overhead 1,983 13,637 UNH 

Travel 1,500 

Procurements Supplies 2,620 

Total 2015 $41,623 $36,281 

Project Total $117,135 $117,137 
a 

Funds will be used to for ½ time technician support, hourly undergraduate support, and faculty summer 

salary in years 1-2, and graduate student academic year stipend and tuition in Year 3, 
b 

Funds are requested for travel to FHM working group meetings and other regional and national meeting to 

present data from this project. 
c 

Supplies will be needed for culturing fungi, extracting DNA, sequencing, and reagents for standard PCR 

and Q-PCR for all 3 years 
d 

Cost share will come from academic year and summer faculty salary, and the waiving of a portion of 

indirect costs that will not be paid by the USFS. 
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Appendix I. Map of locations in New England currently being used in the proposed project 

where: WPND has been observed and surveyed; data loggers have been positioned; and pairs of 

diseased/healthy trees have been tagged.  
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