
An alternative model of beech bark 
disease 

Principal Investigator: John D. Castello 
Affiliation/Institution: SUNY ESF 

Email: jdcastello@esf.edu 
Mailing address: 1 Foresty Dr., Syracuse, NY 13210 

Co-Principal Investigators: Mariann T. Johnston 
Affiliations/Institutions: SUNY ESF Ranger School 

Email: mjohnston@esf.edu 
Collaborators and Affiliations: 
Completion date: 5/30/2014 

The long-standing model of disease developing requiring beech scale infestation, is not 
supported in forests long-affected by BBD.  The abiotic and biotic factors driving disease 
development vary with causal agent. 
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Project Summary 
 Despite a long and destructive history of beech bark disease (BBD) affecting American beech populations in the northern 

hardwood forest, there is scant empirical evidence supporting a model of disease development proposed in 1934 and 
commonly believed to be true.  This model states infestation by the beech scale insect (Cryptoccocus fagisuga) is the 
sole and necessary predisposing condition to infection by BBD’s causal fungal pathogens, Neonectria ditissima and N. 
faginata.  Recent work from long-affected (aftermath) forests, however, suggests factors alternative or in addition to 
beech scale may drive disease development.  We examined how factors such as bark nutrients, defensive chemicals, 
amino acids, and Xylococculus betulae, a native scale insect commonly found on beech, affect infection by both N. 
ditissima and N. faginata.  We also examined the potential role of these factors as drivers of beech scale populations.  
This study used a retrospective case-control design in which data and bark samples were collected from 200 disease-free 
beech, which were reevaluated for infection presence one year later.  Bark samples from infected trees were analyzed for 
nutritional, defensive phenolic, and amino acid concentrations using chromatographic and spectrometric techniques.  
Data were analyzed using means comparisons and logistic regression.  Results indicate N. ditissima and N. faginata 
infections are predisposed to by different sets of abiotic and biotic factors.  N. ditissima infection followed high X. 
betulae densities and low isorhamnetin concentrations while N. faginata infection followed high beech scale densities 
and low catechin concentrations.  Low bark phosphorus predisposed to both pathogens.  Beech scale populations are 
driven by their density during the previous year but are associated with the phenolic 4-hydroxybenzoic acid, amino acid 
isoleucine and leucine, and bark boron.  From these results, we developed a new model of BBD development for 
aftermath forests which highlights the importance of both abiotic and biotic factors in BBD development.  Disease 
management in these forests should avoid focusing solely on beech scale control and should instead utilize multi-factor 
strategies focused on managing biotic as well as abiotic predisposing factors.  The importance of low phosphorus to 
BBD development suggests increased BBD prevalence in northeastern forests experiencing P-limitation following high 
nitrogen deposition.  Isorhamnetin and catechin are potential bioindicators of N. ditissima- and N. faginata-resistant 
trees, respectively.  



• Beech bark disease (BBD) has caused much ecological 
damage to northeastern hardwood forests. 

• Host:  American beech (Fagus grandifolia) 
• Causal agent: fungal pathogens Neonectria ditissima and 

 N. faginata 
• Fungal infection has long been believed to solely require 

infestation by the beech scale insect (Cryptoccocus 
fagisuga).   

Background and Justification 

Classic model of BBD development proposed by Ehrlich (1934) 
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• Recent work (Cale et al 2012, Garnas et al. 2011) suggest 
other predisposing factors may be important to Neonectria 
infections in long-affected forests. 

• Bark nutrition, defensive chemistry, amino acids, and 
Xylococculus betulae, another scale insect, may be 
important to Neonectria.   

• These factors may also drive beech scale population levels 
• Research questions: 

– Is beech scale the sole predisposing factor to Neonectria infection? 
– Do abiotic and biotic factors predispose to Neonectria? 
– Are N. ditissima and N. faginata predisposed by the same factors? 
– What factors predict beech scale density? 

Background and Justification 
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• Retrospective case-control study design 
– Bark collected and insect density recorded for 200 disease-free 

American beech (100 in Adirondack Mts and 100 in Central New 
York) in summer 2011. 
 

• Trees surveyed for Neonectria infection and beech scale 
density in fall 2012.   
– Infected trees labeled as “case,” and an even number of “control” 

(still disease free in 2012) were randomly selected. 
 

• Bark samples from case and control trees analyzed for: 
– Mineral nutrients 
– Defensive phenolics 
– Amino acids 

 

Methods 



• Best-fit logistic models developed to predict infection 

Methods 



• Dummy variables used to assess applicability of logistic 
models to both New York regions. 
 

• Best-fit linear models used to identify drivers of beech 
scale infestation.   
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Results/Project outcomes 
• 50 Neonectria-infected (case) trees, 50 control trees. 

– 35 N. ditissima 
– 13 N. faginata 
– 2 Unknown sp. 

• Results of logistic models 



Results/Project outcomes 
• N. ditissima and N. faginata have distinct 

pathosystems. 
• Disease development thus follows two pathways in 

aftermath, northern forests. 



Results/Project outcomes 
• Results of linear model for beech scale density in 

2012. 
 



Implications and applications 
in the Northern Forest region 

• BBD aftermath zone encompasses most of 
northeastern N. America. 
 

• Study results expand our understanding of disease 
development in northern forests. 
– More effective, targeted management options. 

 

• Phosphorus limitation in forests experiencing nitrogen 
deposition may portent increased BBD incidence. 
– Low P was single best predictor of infection by BBD 

pathogens. 



Future directions 

• Examine potential role of bark chemistry as driver of 
BBD in more-recently (killing front) affected forests. 
 

• Investigate use of bark isorhamnetin and catechin as 
biomarkers of N. ditissima and N. faginata resistance, 
respectively.   
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