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Abstract: Caliciopsis canker is an emerging problem in Pinus growing regions of Eastern 
North America. The fungal disease caused by Caliciopsis pinea is associated with 
overstocked stands and poor sites, but few quantitative data are available. The objective of 
this study, therefore, was to assess the extent and severity of Caliciopsis canker and to 
explore environmental variables associated with disease to identify areas at risk of damage. 
During 2014, 58 sites across New England with >75% P. strobus basal area in public lands 
were surveyed. Most sites (72%) had Caliciopsis canker signs or symptoms.  
Caliciopsis pinea was successfully identified with molecular techniques. In sites with 
Caliciopsis canker, 36% of the mature pines were symptomatic. Pole sized and suppressed 
trees were more likely to be damaged than larger trees with dominant crown positions  
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(p < 0.05). Pinus strobus density for sites with Caliciopsis canker was 311 trees/ha (mean  
P. strobus stand diameter = 40 cm) compared to 220 trees/ha (mean white pine stand 
diameter = 43 cm) for sites without Caliciopsis canker (p = 0.1). Caliciopsis canker 
symptoms tended to appear more frequently in stands with excessively drained, coarse 
textured soils derived from glacial outwash (86%) or stands with poorly drained soils and 
low fertility (78%) than in stands with well drained, more fertile soils (59%) (p = 0.1).  
The severity of symptoms varied among soil groups and was greater for excessively drained, 
nutrient poor soils than for well-drained, more fertile soils (p = 0.027). 

Keywords: Caliciopsis pinea; pine canker; pine pathogen; fungus; forest disease 
 

1. Introduction 

The pathogenic fungus, Caliciopsis pinea Peck that causes Caliciopsis canker, has been found 
infecting native and exotic pines in Eastern North America and in Europe. In Eastern USA, C. pinea has 
been reported on native Pinus L.: P. strobus, P. echinata Mill, P. pungens Lamb, P. rigida Mill,  
P. virginiana Mill, and P. taeda L. [1]. In Europe, C. pinea has been observed on exotic Pinus:  
P. echinata, P. pungens, P. rigida, P. virginiana, and P. radiata D. Don [1]. Caliciopsis canker has also 
been described in native European Pinus: P. pinaster Aiton, P. pinea L., and P. halepensis Mill [2]. 
Other species within the genus Caliciopsis infect conifers in Western North America [3]. Trees of all 
age classes are affected and saplings are sometimes killed. External symptoms include profuse pitching 
and cankers in the main stem and branches (Figure 1a,b). Ascocarps are stalked, look like black spines 
1–3 mm long and can be observed at the surface of roughed bark at the axils of branches (Figure 1c) [4]. 
Caliciopsis pinea has been referred to as a weak pathogen of P. pinaster in France [5]. The pathogen, 
however, can cause extensive damage to P. strobus (eastern white pine) in Northeastern USA where 
saplings are killed and the wood quality of saw timber can be degraded (Figure 1d) [4,6–9]. 

Pinus strobus is economically and ecologically important in New England. Pinus strobus comprises 
the greatest portion of the growing stock in Massachusetts (24%) followed by New Hampshire (21%) as 
well as 10% of Maine’s growing stock [10]. Pinus strobus represents 60% and 30% of what sawmills 
produce in New Hampshire and Maine, respectively. Pinus strobus also provides unique habitat for 
wildlife that other large conifer species cannot duplicate [11]. The current P. strobus resource, however, 
is aging as regenerating stands are rare [10]. 

Reports of damage caused by C. pinea were common in the 1930s, when initial studies on the 
pathogen’s epidemiology were conducted [4,12]. Since then, there has been very little progress towards 
understanding the epidemiology of this pathogen. Recently significant damage has been reported [6–8]. 
Damage by C. pinea has been associated with dense stands, suppressed trees, and poor sites. Very little 
quantitative data, however, exist about Caliciopsis canker distribution and site conditions associated with 
disease. The objective of this study, therefore, was to assess the extent and severity of Caliciopsis canker 
in the region of Eastern North America with the greatest concentration of P. strobus and to explore 
environmental conditions associated with disease to identify areas at risk of damage. To meet our 
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objective a survey was conducted in Maine, New Hampshire, and Massachusetts to determine presence 
and symptoms of C. pinea in P. strobus stands. 

 

Figure 1. (a) Caliciopsis canker in the main stem of Pinus strobus; (b) Profuse pitching 
resulting from Caliciopsis canker; (c) Ascocarps of Caliciopsis pinea, each 1–3 mm in 
length; (d) saw timber damaged by C. pinea. 

2. Experimental Section 

2.1. Study Area 

New England’s climate is humid continental characterized by long, cold winters and moderately 
warm, short summers. Rainfall is spread throughout the year and most locations receive 1500–3000 mm of 
snowfall annually. New England soils developed from bedrock and surface deposits left behind by 
glaciers [13]. The study area encompasses three ecoregions defined by the Environmental Protection 
Agency (EPA) as: northeastern highlands, northeastern coastal zone, and Acadian plains and hills [14]. 
All three ecoregions have nutrient poor soils and dense concentrations of glacial lakes. The  
northeastern highlands are hilly, mountainous, and forested by northern hardwoods  
(Acer saccharum Marsh., Betula alleghaniensis Britton, Fagus grandifolia Ehrh.), spruce  
(Picea rubens Sarg., P. mariana (Mill.) Britton, Sterns and Poggenb., P. glauca (Moench) Voss) and  
fir (Abies balsamea (L.) Mill.). The northeastern coastal zone and Acadian plains and hills are less 
rugged than the northeastern highlands. The northeastern coastal zone is forested by oak  
(Quercus rubra L., Q. alba L., and Q. velutina Lam.) and oak-pine (same oaks mixed with P. strobus) 
and soils are Inceptisols and Entisols whereas the Acadian hills and plains are mostly forested by  

  

  

a b 
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Forests 2015, 6 4363 
 

 

spruce-fir forest type with occasional mixed hardwoods and soils are predominantly frigid Spodosols. 
Both the northeastern highlands and northeastern coastal zones have been undergoing farm-to-forest 
conversion since the 1900s, but the northeastern coastal zone has a greater concentration of urban 
development. Pinus strobus is a common old-field colonizer, and hence ubiquitous in the region. 

2.2. Site Selection 

Two methods were applied to locate survey sites. A complete census of all 18 Forest Inventory and 
Analyses (FIA) plots with more than 75% basal area in P. strobus on public lands in Maine, 
Massachusetts, and New Hampshire were surveyed. FIA plots were established by the U.S. Forest 
Service to provide continuous forest census data in order to report status and trends in forest  
condition [15]. The second method applied to locate survey sites involved using the National Insect and 
Disease Risk Map (NIDRM) P. strobus host layer for use in GIS [16]. The NIDRM is a science-based, 
administrative tool created by forest health experts to determine the hazard to tree health posed by insects 
and diseases nationwide. The NIDRM uses GIS and a consistent modeling process that generates 
comparable results across geographic regions. In order to identify areas at risk of forest insects and 
diseases, first the distribution of host tree species must be determined and thus host tree layers for use in 
GIS were created [16]. For this project, sites with more than 2 contiguous hectares with more than 75% 
basal area of P. strobus as predicted by the NIDRM host layer on public lands were identified. Twenty 
of these sites were randomly selected for each State: New Hampshire and Maine. Latitude and longitude 
coordinates for the center point of each stand were generated and imported into a GPS receiver (GPSmap 
64, Garmin International Inc., Olathe, KS, USA). 

2.3. Sampling 

In the field, a GPS receiver and compass were used to locate FIA plots or the center point of each 
stand selected using the NIDRM host layer. A 10 basal-area-factor prism was used at plot center to select 
sample trees (>12.7 cm at diameter at breast height, 1.3 m from the ground). Trees per prism plot were 
converted to trees per hectare by calculating an expansion factor unique to each tree size. If Caliciopsis 
canker symptoms were observed on the way to plot center or at the prism plot, then four transects in 
each of the four cardinal directions (north, east, south, and west) were established. Data were collected 
for 25 P. strobus at least 3 m apart along each transect for a total of 100 P. strobus at each site. If 
insufficient pines were available in one of the cardinal directions, then more pines were surveyed in 
another of the cardinal directions to complete data for 100 pines per site. The following data were 
collected for each pine: dbh, crown class, live crown ratio, presence of C. pinea fruiting bodies, incidence 
and severity of Caliciopsis canker symptoms. Crown class is a category of tree based on its crown 
position relative to adjacent trees. For example, a dominant tree has a crown that extends above the 
general canopy whereas an intermediate tree has a crown that extends into the lower portion of the main 
canopy. The live crown ratio is the ratio of crown length to total tree height. Recent Caliciopsis canker 
infections are characterized by resin streaks throughout the bole of the tree (Figure 1b). Caliciopsis 
canker symptom severity was visually assessed by dividing the bole of the tree into thirds (bottom, 
middle, and upper stem) and counting the number of resin streaks in each section up to ten streaks per 
section. This assessment was conducted on two opposing faces of each tree and added for a maximum 
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pitching associated with insects, mechanical damage, internal decay, and white pine blister rust. Given 
the difficulty of assessing internal damage caused by C. pinea from the ground, studies that include tree 
harvesting are underway to better quantify damage to the wood product and the reliability of pitching as 
a survey tool for this disease. Cankers of symptomatic trees are being assessed for the presence of  
C. pinea and other fungi. 

Caliciopsis canker has been reported more frequently in the last decade [6,7]. Most P. strobus stands 
in New England are characterized by high stocking which is associated with C. pinea damage [27]. 
Alternatively, damage by might have been underreported in the past when management of  
P. strobus was dominated by the threat of white pine blister rust caused by the exotic pathogen 
Cronartium ribicola [28]. Symptoms of both diseases, such as resinosis, are similar and might have been 
misidentified. Management practices that favor white pine blister rust control might have favored 
Caliciopsis canker development. For example, high stand density was encouraged for white pine blister 
rust management to promote early branch pruning. Environmental conditions that precede Caliciopsis 
canker development are being investigated. 

4. Conclusions 

This is the first effort to quantify Caliciopsis canker damage in a region of Eastern North America 
with a high concentration of P. strobus. Caliciopsis pinea is causing cankers and damage in more sites 
than previously reported. Caliciopsis pinea was successfully isolated from fruiting bodies and ITS 
sequences from six isolates were deposited for the first time in GenBank, which will be important for 
future phylogenetic studies. The pathogen is widespread in New England where P. strobus is an 
important timber product. Canker damage degrades the lumber and C. pinea alone or in combination 
with other factors may lead to tree mortality. Pole-size trees or trees with poor growth exhibit more 
external symptoms than sawtimber and codominant trees. Regeneration is frequently infected by  
C. pinea and this poses a threat to the future forests given that the P. strobus resource is aging in New 
England. Soil and stand density might be associated with a greater frequency of Caliciopsis canker 
damage and these relationships merit further investigations. A better understanding of this pathogen is 
important for forest managers to better manage the P. strobus resource and increase the value of  
the lumber. 
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