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FUNGI ASSOCIATED WITH STEM CANKERS AND COINCIDENTAL 
SCOLYTID BEETLES ON DECLINING HICKORY  

IN THE UPPER MIDWEST

Jennifer Juzwik, Linda Haugen, Ji-Hyun Park, and Melanie Moore1

Abstract.—Higher than expected levels of hickory decline and mortality have recently 
been reported by Forest Health Monitoring, USDA Forest Service, on Carya spp. in Iowa, 
Maryland, Missouri, New York, Pennsylvania, and West Virginia. Widespread mortality 
of hickory has historically been attributed to outbreaks of the hickory bark beetle (Scolytus 
quadrispinosus) during extended periods of drought. Results of a preliminary survey 
conducted in Iowa, Minnesota, and Wisconsin during 2006 commonly found 1) a recently 
described fungus (Ceratocystis smalleyi) associated with bleeding spots and lesions on Carya 
cordiformis; 2) a fungus(Fusarium solani) with no known report of causing cankers on Carya 
species isolated from sunken, annual cankers; and 3) the fungi (Phomopsis spp.), which are 
commonly cited as the cause of Phomopsis stem and branch galls. We hypothesize that 
hickory mortality in these states is due to a decline complex of interacting predisposing, 
triggering, and contributing factors whose biotic agents are interchangeable.

INTRODUCTION
Hickories (Carya spp.) are an important component of many forest associations in the eastern United 
States, particularly various oak-hickory cover types. Bitternut hickory (C. cordiformis) is considered 
the most abundant and uniformly distributed of the hickories within this range (Smith 2004). It is an 
associated species in the sugar maple-basswood (Society of American Foresters Type 26; Eyre 1980) and 
sugar maple (Type 27) forest types of the northern forest region and the white oak-black oak–northern red 
oak (Type 52) and white oak (Type 53) in the central forest region.

Hickories are an important source of hard mast for wildlife and have the potential to produce valuable 
timber (Smith 2004). They are also important in the biological diversity of stands threatened by numerous 
other stressors and damaging agents. The high calcium content of the foliage of bitternut hickory is 
desirable for its ability to improve soils in the stands in which it grows (Smith 2004). Furthermore, the 
dense root system of the species contributes to good soil stability.
 
Severe decline and mortality of hickory have recently been reported in parts of the North Central and 
Northeastern Regions of the United States and in southern Ontario, Canada (USDA Forest Service 
2004, Tucker and others 2006). Hickory decline, particularly of bitternut hickory and, to a lesser extent, 
shagbark has recently been noted in Iowa (Johnson and others 2005), in Missouri, Maryland, New York, 
Pennsylvania, and West Virginia by USDA Forest Service Forest Health Monitoring Program surveys 
(USDA Forest Service 2004), and in Wisconsin (Wisconsin DNR 2005). Widespread mortality of hickory 
has historically been attributed to outbreaks of the hickory bark beetle (Scolytus quadrispinosus)(Coleoptera: 
Scolytidae) during extended periods of drought (USDA Forest Service 1985). This insect is considered the 
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most important pest of hickories (Solomon and Payne 1986). Past land use and soil fertility were shown 
to indirectly determine outbreaks of the bark beetle (Dale and others 1990). In 1994, a newly discovered 
fungus was reported in discolored wood and sunken bark cankers associated with hickory bark beetle 
attacks (USDA Forest Service 1994). This fungus (Ceratocystis smalleyi) and a sister species (C. caryae) 
were recently described (Johnson and others 2005). Both species were pathogenic on 2-yr-old Carya spp. 
in greenhouse studies. The researchers suggested that C. smalleyi might play a significant role in hickory 
mortality. Phomopsis galls, Armillaria root rot, and a flat-headed woodborer (Agrilus otiosus) have also been 
associated with declining trees (Wisconsin DNR 2005). A re-examination of affected ecosystems is needed 
to determine and/or clarify the importance of hickory decline and mortality in relation to these damaging 
agents as well as in relation to climatic, edaphic, and cultural factors.

During 2006, we conducted a preliminary survey of hickory in Iowa, Minnesota, and Wisconsin in 
cooperation with state forest health specialists to look for the presence of stem-damaging cankers/galls on 
declining trees, isolate for organisms from affected tissues, and note presence of any xylem- or bark- feeding 
beetles associated with the stem-damaged trees. Results of that effort are reported here.

STUDY AREAS
Candidate stands with declining hickory were identified by forest health specialists and district foresters 
from the respective Departments of Natural Resources for Iowa, Minnesota, and Wisconsin. In general, 
forest stands of 20 to 100 acres with quite variable levels of hickory stocking were sampled (Table 1). The 
number of stands sampled per state was: Iowa, 3; Minnesota, 2; and Wisconsin, 8.

Table 1.—Locations and stand characteristics of study sites for preliminary survey of selected stem 
damaging fungi and insects of declining hickory

County Site
Stand Area 

(Acres)
Composition in 

Hickory (%)
Hickory in Decline 

(%)
Principal Hickory 

Species

----------Iowa----------
Buchanan Coggon 20-100 50-75 30-75 Bitternut
Clayton Elkport 20-100 10-25 10-30 Bitternut
Allamakee Elon 5-20 50-75 30-75 Bitternut

--------Minnesota----------
Olmsted Plainview 20-100 10-25 30-75 Bitternut
Olmsted St. Charles 5-20 25-50 >75 Bitternut

-----------Wisconsin----------
Calumet Chilton 20-100 10-25 >75 Bitternut (only)
Dane Mt. Horeb 20 10-25 10-30 Bitternut
Dane Dane <5 10-25 10-30 Shagbark
Grant Lancaster 5-20 <10 30-75 Bitternut
Shawano Shepley 20-100 10-25 30-75 Bitternut
Monroe Melvina 20-100 >75 10-30 Shagbark
Marathon Rosholt 20-100 <10 30-75 Bitternut
Wood Babcock 20-100 10-25 >75 Bitternut (only)
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METHODS
Sample Collection
Only declining hickories were examined for stem damage and cankers. Signs of stem cankers/galls and/or 
insect activity on the stems of the selected declining trees were recorded. A small hand axe was used to cut 
through the bark into the sapwood to determine whether the lesion/canker or insect activity was superficial 
or penetrated to the cambium and sapwood. When penetrating cankers and/or insect damage was found, 
the outer portion of the stem area was removed with a small sledge hammer and hand axe. Stem samples 
were wrapped in dry paper towels, placed in polyethylene bags, and kept on ice during transport. The 
samples were subsequently stored at 36 ºF until further processed in the USDA Forest Service laboratory in 
St. Paul, MN.

Sample Processing
In the laboratory, each sample was carefully examined and any visual damage observed (e.g., diffuse canker, 
annual canker, xylem discoloration, size and shape of insect boring holes, and pattern and relative size of 
any insect galleries) was recorded. Presence of any insects and their life stages were also recorded. Three 
methods were used to isolate fungi associated with the affected tissue. For the Iowa sites, wood chips 
from the margin between discolored and healthy wood were placed between two carrot disks and stored 
in plastic bags at 68 ºF; isolation was subsequently attempted from any suspect carrot tissue (per Moller 
and DeVay 1968). Wood chips from the margin between discolored and healthy wood were also plated on 
lactic acid-amended potato dextrose agar (APDA) and on 2 percent malt yeast extract agar amended with 
100 ppm streptomycin sulfate (MYEA+SS). Due to early difficulty in isolating Ceratocystis-like species, a 
third method was adopted for Minnesota and Wisconsin samples, which replaced the carrot disk method. 
Small cubes of discolored sapwood associated with bark cankers were placed in small moist chambers for 10 
days. Ascospore masses produced by perithecia sporulating on the cubes were plated onto MYEA+SS.

Identification of Fungi
Pure cultures were obtained for the isolated fungi. The most prevalent isolate types were identified to genus 
and stored on agar slants at 36 ºF. Morphological characteristics of the Ceratocystis isolates were compared 
to reference cultures of C. smalleyi and C. caryae obtained from T.C. Harrington, Iowa State University. For 
six of the Ceratocystis isolates, DNA was extracted, and sequencing of the internal transcribed spacer region 
of rDNA (ITS1 and ITS4) was completed. The sequences obtained were compared to those in GenBank 
using BLASTn search. Single spore cultures were derived from all Fusarium spp. isolates obtained. 
Morphological characteristics were used to identify the isolates to species (Booth 1971, Nelson and others 
1983). DNA was extracted from 12 Fusarium isolates and sequencing of the internal transcribed spacer 
region of rDNA was completed using ef1 and ef2 primers. Because morphological and cultural characters 
are insufficient for identifying Phomopsis to species, we relied on the host association for a tentative 
identification. However, DNA sequencing was also completed for two isolates using nuclear ribosomal 
DNA internal transcribed spacer sequences (ITS1 and ITS2) per protocol of Murali and others (2006).

RESULTS
Types of Stem Damage/Cankers Sampled
Hickories, primarily bitternut, of all sizes were found with decline symptoms. Individual tree symptoms 
and stem/branch damage were highly variable; no single type of damage was found on most trees. For 
hickory saplings (<5 inches diameter at breast height [d.b.h.]), the tree crown and stem conditions observed 
included: 1) crown dieback—elongate, swollen, rough-bark canker; or 2) crown dieback—small leaves; 
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cankers or lesions on stem. For pole-size hickories (5 to 12 inches d.b.h.), the observed tree crown and stem 
conditions included: 1) top dieback—small cankers on stem; 2) topkill—epicormic sprouts and sunken 
cankers on stem; 3) declining crown—callused, pock-marked stem; or 4) declining crown—Phomopsis galls 
on stem and branches. For sawtimber-size hickories (>12 inches d.b.h.), the tree crown and stem conditions 
observed included: 1) top dieback—epicormic sprouts; hickory bark beetle holes in main stem; or 2) 
declining crown—Phomopsis galls on stem and/or branches.

Fungi Associated with Sampled Stems
All of the Ceratocystis isolates (n = 19) were identified as C. smalleyi based on morphological and cultural 
characteristics. BLASTn searches for five isolates had nucleotide identities of 99 percent and E values of 
0.0, which further supported our identifications. Examination of all isolates by T.C. Harrington confirmed 
the above identities. Ceratocystis spp. were not obtained from any of the stem samples collected in Iowa 
using the carrot disk method; however, C. smalleyi was commonly obtained using the wood cube method 
from bitternut hickory sampled in the Minnesota and Wisconsin sites (Table 2). These isolates were 
commonly from trees with evidence of hickory bark beetle activity; a few were obtained from discolored 
xylem behind beetle larval galleries.

All of the Fusarium isolates (n=15) were identified as F. solani (teleomorph = Nectria haemtococca) based on 
morphological and cultural characteristics. BLASTn searches for eight isolates had nucleotide identities of 
99 percent and E values of 0.0 (Pennsylvania State University Fusarium Center sequence database at http://
fusarium.cbio.psu.edu), which further supported our identifications. All isolates were obtained via wood 
chip plating on APDA or MYEA+SS. These isolates were associated with sunken, annual cankers associated 
with top dieback of bitternut trees; callused cankers on upper or lower main stems exhibiting small holes 
typical of pin-hole borers; or sunken cankers on bitternut with heavy crown dieback and epicormic 
branches.

Based on host association, the Phomopsis isolates (n=4) could only be identified as Phomopsis sp. However, 
Diaporthe species are commonly teleomorphs of Phomopsis species, and two Diaporthe (D. apocrypta and 
D. hickoriae) have been reported on hickories (Farr and others 1989). BLASTn searches in GenBank for 
DNA sequences of two isolates matched with two different Phomopsis species, P. amygdale (99 percent 
identity; E=0.0) and Diaporthe helianthi (anamorph = Phomopsis sp.) (99 percent identity; E=0.0). These 
were obtained from either elongate, rough-bark swellings on branches or main stems of saplings, or from 
discolored wood of top-killed, pole-size bitternut.

Table 2.—Frequency of prevalent fungi isolated from stem cankers/lesions on declining hickory in three 
Midwestern States

State Fungus species
Number of Sites Number of Trees

Sampled With fungus Sampled With fungus
Iowa Ceratocystis smalleyii 3 --1 9 --

Fusarium solani 3 2 9 2
Minnesota C. smalleyii 2 2 8 5

F. solani 2 2 8 6
Wisconsin C. smalleyii 8 6 23 9

F. solani 8 4 23 5
1Carrot disk isolation method failed to yield Ceratocystis spp.;
Small wood cube method replaced this method for Minnesota and Wisconsin samples.
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A variety of insect damage types was found on sampled trees. Entry/exit holes, egg niches, and larval 
galleries of the hickory bark beetle were the most common type of insect damage observed (two sites in 
Iowa; five sites in Wisconsin). Adult bark beetles were observed in holes or galleries on two sites. Round-
headed wood borer larvae (Coleoptera: Cerambycidae) and/or galleries were observed on trees at two 
Wisconsin and one Minnesota sites. Flat-headed wood borer larvae (Coleptera: Buprestidae: Agrilus 
sp.) and/or galleries were observed on declining trees in one Minnesota and one Wisconsin site. Holes 
characteristic of pin-hole borers (Coleoptera: Scolytidae) were observed in trees in the Minnesota sites; 
the holes were commonly found in the center of sunken, annual cankers, but also occurred elsewhere. No 
adults were obtained from dissected stems. Lastly, mined cavities similar to those of phloem- and cambium-
invading borers were associated with callused-over wounds on stems in three locations in Iowa and 
Minnesota. No adults were obtained from dissected stems.

DISCUSSION AND FURTHER STUDIES
In general, stand- to landscape-level decline and mortality of hickory have been attributed to drought 
periods and severe infestations of the hickory bark beetle. However, our preliminary survey found a more 
complex situation in 11 stands sampled in Iowa, Minnesota, and Wisconsin in 2006. Based on presence of 
stem cankers/galls and signs of observed bark- and wood-feeding insects, individual tree decline in affected 
stands appeared to be caused by more than just hickory bark beetles and drought. We hypothesize that the 
situation was better characterized as a decline disease with interaction of long-term predisposing, short-
term inciting, and chronic contributing factors (Sinclair and Lyon 2005). A detailed survey of affected 
stands in Iowa, Minnesota, and Wisconsin was initiated in 2007 to partially test this hypothesis.

Isolates of C. smalleyi described by Johnson and others (2005) were obtained only from hickory bark beetle 
infested trees. The authors described the consistent association of C. smalleyi with this insect as “unique 
among fungal species in the C. fimbriata complex” (Johnson and others 2005). In our preliminary survey, 
C. smalleyi was isolated from discolored wood behind diffuse cankers occurring on hickory bark beetle 
colonized trees in > 50 percent of sampled sites in Minnesota and Wisconsin. However, the fungus was not 
always associated with the beetle-attacked bitternut hickory. Insect activity was observed on several trees in 
a Minnesota and a Wisconsin site, but the fungus was not isolated from sampled stem sections. Conversely, 
C. smalleyi was isolated from discolored sapwood behind diffuse cankers on at least two trees without signs 
of beetle activity in two other sites. No published reports exist on the ability of C. smalleyi to cause diffuse 
cankers on sapling to sawtimber- size bitternut hickory and contribute to tree decline and mortality. Johnson 
and others (2005) demonstrated the ability of C. smalleyi to cause xylem discoloration on potted, 2-yr-old 
bitternut hickory, shagbark hickory, and pecan seedlings. In late May 2007, we inoculated sapling- and 
pole-size bitternut hickory with isolates of C. smalleyi to further investigate the pathogenicity of the taxon.

Fusarium solani was commonly isolated from discolored sapwood associated with sunken, annual cankers 
on bitternut hickory. This fungus is known to cause annual cankers on other hardwood species, especially 
other genera in the Juglandaceae (Carlson and others 1985, Farr and others 1989). It has not been reported 
on Carya species. Sapling- and pole-size bitternut hickories were inoculated with F. solani isolates in May 
2007 to evaluate their pathogenic potential on this species.

The hickory bark beetle is a suspected vector of C. smalleyi. The fungus is commonly associated with 
beetle-colonized hickory; it has been commonly isolated from beetle galleries (Johnson and others 2005) 
and isolated from beetle adults by G. Smalley (per Johnson and others 2005). If F. solani is found to 
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cause annual cankers of hickory, the role of ambrosia beetles in disseminating that fungus should also be 
investigated. Insect exit/entry holes and tunnel pattern characteristic of pin-hole borers were associated 
with sunken, annual cankers in our preliminary survey. Ambrosia beetles (Xyleborus sayi and Xylosandrus 
germanus) were consistently associated with F. solani-caused cankers on 6-yr-old yellow-poplar in a 
plantation, but their role as vectors was not confirmed (Anderson and Hoffard 1978). Future studies will 
determine the C. smalleyi (and F. solani, if appropriate) contamination frequencies for hickory bark beetles 
and ambrosia beetles emerging from bitternut hickory stems exhibiting diffuse or sunken, annual cankers.
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