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Annosus root disease is caused by Het-
erobasidion annosum (Fr.) Bref. sensu 
lato. This fungus has been divided into 
several species that differ in morphology, 
ecology, intersterility, and molecular char-
acters (16). In North America, two host-
specialized forms have been identified 
(5,6,14,24): a North American variant of 
H. annosum sensu stricto (also known as P 
type; referred to hereinafter simply as H. 
annosum), primarily on Pinus spp., and a 
North American variant of H. parviporum 
Niemelä & Korhonen (also known as S 
type), primarily on Abies and Picea spp. 
(5,14). Records of H. annosum sensu lato 
in the southern Rocky Mountains and ad-
joining states predate recognition of the 
respective Heterobasidion spp. We col-
lected and identified the fungus from these 
areas to determine what species are present 
and their geographical and host ranges. 

MATERIALS AND METHODS 
The geographic scope of our study was 

coniferous forests of Wyoming, South 
Dakota, Nebraska, Colorado, Arizona, and 
New Mexico. Based on previous studies 

that have characterized the distribution of 
root diseases over much of the area (4,7,9–
12,15,23), we looked primarily where 
annosus root disease is known to occur. 
However, Wyoming and the Black Hills of 
South Dakota have not been extensively 
surveyed; therefore, we surveyed system-
atically in 231 conifer stands in Wyoming 
and 32 stands in the Black Hills. Trees in 
pockets of mortality and uprooted or 
snapped trees were examined for basidi-
omes of the pathogen and wood decay 
characteristic of annosus root disease. One 
isolate was obtained from a fire-killed tree 
as part of an unrelated study. Where the 
disease was encountered, basidiomes or 
decayed roots were collected. In most 
cases, pure cultures were obtained from 
infected roots or basidiomes but, in three 
cases, basidiome tissue was used directly 
for DNA extraction. 

Template DNA for polymerase chain re-
action (PCR) was extracted from cultures 
grown on malt extract agar or from por-
tions of the hymenophore of basidiomes 
collected in the field. The extraction of 
DNA utilized the Prepman Ultra kit (Ap-
plied Biosystems, Foster City, CA). The 
internal transcribed spacer region (ITS) of 
the ribosomal (r)DNA was amplified using 
primers ITS1-F and ITS4 or ITS4B (2,22). 
The PCR products were purified using 
QIAquick PCR Purification Kit (QIAGEN 
Inc.) and sequenced using the PCR primers 
at the DNA Sequencing and Synthesis 
Facility at Iowa State University. 

Sequences were visually aligned with 
those of other Heterobasidion spp. (5) and 

analyzed using heuristic searches in PAUP 
4.0, with stepwise additions (simple) and 
tree-bisection reconnection (20). Gaps 
were coded as a new state (fifth character) 
because the gaps were consistently found 
within species and, except for outgroup 
taxa, most gaps were only one or two 
bases in length. Bootstrapping (100 boot-
strap replicates) was used to determine 
confidence in the branches. 

RESULTS 
Of 18 collections, 7 were identified as 

the North American variant of H. annosum 
(American P type) and 11 as the North 
American variant of H. parviporum based 
on ITS sequencing (Table 1). Representa-
tive ITS sequences of these species and 
other Heterobasidion spp. were deposited 
in GenBank (accession numbers GQ162420 
to GQ162432). 

The seven collections from Pinus or Ju-
niperus spp. had identical ITS sequences, 
which matched the sequence of a previ-
ously studied (5) isolate from Pinus resi-
nosa in New Hampshire and another iso-
late from P. ponderosa in California (Fig. 
1), and the newly studied isolates differed 
by only one base from the ITS sequence of 
another P. ponderosa isolate from Mon-
tana. The Pinus isolates were earlier de-
termined to be the American P type of H. 
annosum based on partial interfertility with 
European isolates of H. annosum, ITS and 
IGS rDNA sequences, and sequences of 
manganese peroxidase genes (5,6,14). The 
bootstrap value for the branch connecting 
isolates of H. annosum was 99%. 

H. annosum was found on P. ponderosa 
and on one Juniperus virginiana in a dis-
ease center of P. banksiana. This form of 
the pathogen was found in New Mexico, 
Arizona, southern Colorado, and Nebraska 
(Fig. 2). The single isolate from Colorado 
was from decayed wood of a P. ponderosa 
killed by fire 4 years earlier; there was no 
evidence that the tree had been infected 
while alive. 

The 11 collections from Abies and Picea 
spp. had the same ITS sequence, which 
differed only slightly from three isolates of 
H. parviporum from Abies spp. in Wash-
ington, California, and Mexico (Fig. 1). 
The latter three isolates were shown to be 
H. parviporum based on pairing studies, 
ITS and IGS rDNA sequences, and man-

ABSTRACT 
Worrall, J. J., Harrington, T. C., Blodgett, J. T., Conklin, D. A., and Fairweather, M. L. 2010. 
Heterobasidion annosum and H. parviporum in the southern Rocky Mountains and adjoining
states. Plant Dis. 94:115-118. 

Collections of Heterobasidion spp. from Nebraska, Colorado, Arizona, and New Mexico were
identified based on the sequence of the internal transcribed spacer region of the ribosomal DNA.
The North American variant of  Heterobasidion annosum sensu stricto was found on Pinus pon-
derosa and Juniperus virginiana in central Nebraska, southern Colorado, central Arizona, and
southern New Mexico. The North American variant of H. parviporum was found on Abies con-
color and Picea engelmannii in southern Colorado and central New Mexico. The pathogens were
not found in a survey of conifer forests in Wyoming and the Black Hills of South Dakota. His-
torical records of annosus root disease are reviewed by host group to gain more insight into the
potential distributions of the respective pathogens. An apparent lack of overlap in host range
suggests that substitution of tree species may be a useful management approach in some cases. 

 

Corresponding author: J. Worrall  
E-mail: jworrall@fs.fed.us 

Accepted for publication 30 September 2009. 

doi:10.1094 / PDIS-94-1-0115 
This article is in the public domain and not copy-
rightable. It may be freely reprinted with custom-
ary crediting of the source. The American Phyto-
pathological Society, 2010. 



116 Plant Disease / Vol. 94 No. 1 

ganese peroxidase sequences (5,6,14). The 
branch joining the American isolates of H. 
parviporum had moderate bootstrap sup-
port (80%), and this branch was sister to 
the branch containing the Eurasian isolates 
of H. parviporum and H. abietinum. 

H. parviporum was found on Abies con-
color and on one Picea engelmannii in a 
mixed conifer stand with A. concolor. It 
was found in southern Colorado and New 
Mexico (Fig. 2). We found no evidence of 
the disease in our survey of 231 stands in 
Wyoming and 32 stands in the Black Hills, 
South Dakota. Similarly, in routine activi-
ties and surveys in P. engelmannii–A. bifo-
lia forests of Colorado, we have not found 
evidence of the disease. 

DISCUSSION 
The Pinus plantations in which H. anno-

sum was found in the Nebraska National 
Forest are associated with the Charles E. 
Bessey Tree Nursery, the oldest nursery 
managed by the U.S. Forest Service. An-
nosus root disease was first found in those 
plantations on Pinus banksiana in 1964 
(19) and is known from only a few stands 
in the Bessey Ranger District. The planta-
tion where it was found had been estab-
lished with seedlings from the Nursery in 
1911 and thinned in 1930. There were no 
Pinus forests in the area earlier but J. vir-
giniana, also a host of H. annosum, is 
native to the area. The pathogen may have 
been native to the area on J. virginiana, or 
thinning stumps may have become infected 
by spores blown from long distances. Both 
P. ponderosa and P. banksiana were in-
fected there but we did not obtain rDNA 
sequences of isolates from P. banksiana. 
However, the sequenced sample from J. 
virginiana was from a tree in an infection 
center with mortality of P. banksiana. 

If H. annosum colonized Pinus planta-
tions in Nebraska, it is curious that it has 

not been found in the Black Hills, which is 
dominated by P. ponderosa. The first 
commercial timber sale on federal land in 
the United States was authorized in the 
Black Hills in 1898, and continued timber 
management in the 20th century created 
abundant stumps, the primary route 
through which the pathogen establishes 
new disease centers in Pinus spp. How-
ever, the fungus apparently has not become 
established there. Similarly, aside from the 
isolate from a fire-killed P. ponderosa tree, 
there is no evidence that H. annosum is 
established in Colorado. Perhaps the dry 
climates characterizing P. ponderosa for-
ests of these regions, or the lack of particu-
lar hosts supporting production of large 
basidiomes, do not allow sufficient 
basidiospore production for successful 
establishment. 

In Colorado, annosus root disease is 
common in mixed conifer forests with A. 
concolor, which are restricted to the south-
ern part of the state (Fig. 2). The disease 
has probably become more frequent as 
dominance of A. concolor has increased 
due to fire exclusion (1) and selective har-
vesting of P. ponderosa and Pseudotsuga 
menziesii. In addition to the forests where 
we collected H. parviporum, the disease 
occurs in A. concolor in the southwest 
Sangre de Cristo Mountains (Rio Grande 
National Forest) and the Wet Mountains 
(San Isabel National Forest) (8,9). Hetero-
basidion spp. were first found in Colorado 
in 1909 in Picea engelmannii, near Cripple 
Creek, on or near the Pike National Forest 
(18), within the range of A. concolor. An-
nosus root disease of Pseudotsuga menzie-
sii was reported on the Southern Ute In-
dian Reservation in Colorado (17), also in 
association with A. concolor. Likewise, the 
disease has been found in A. bifolia (= A. 
lasiocarpa in part) within the range of A. 
concolor in Colorado (10,11). In contrast, 

the disease has not been reported in the 
extensive Picea engelmannii–A. bifolia 
forests of Colorado and Wyoming where 
A. concolor is not present. Annosus root 
disease occurs in P. engelmannii–A. bifolia 
forests in neighboring New Mexico (23) 
and Utah (F. A. Baker, personal communi-
cation) but A. concolor is widely distrib-
uted throughout those states. Annosus root 
disease has not been reported from Pinus 
ponderosa forests of Colorado, although it 
is a host in New Mexico, Arizona, and 
Utah (21,23; Fig. 2). However, we did 
obtain one isolate in Colorado from a fire-
killed P. ponderosa, with no evidence that 
the tree had been infected while living. 
Thus, annosus root disease occurs virtually 
throughout the range of white fir in south-
ern Colorado but has not been found else-
where in the state or in P. ponderosa. 

Annosus root disease is broadly distrib-
uted in coniferous forests of Arizona and 
New Mexico (Fig. 2), with a host range 
that includes A. concolor, A. bifolia, Picea 
engelmannii, and Pinus ponderosa (15). In 
addition to the locations for H. parviporum 
reported here, annosus root disease in A. 
concolor has been observed on the Cocon-
ino and Kaibab National Forests in north-
ern Arizona (M. L. Fairweather, unpub-
lished observation), Coronado National 
Forest in southern Arizona (3), Apache 
National Forest (23) and White Mountain 
Apache Reservation (M. L. Fairweather, 
unpublished observation) in eastern Ari-
zona, Lincoln National Forest in southern 
New Mexico (4), and forests in northern 
New Mexico (23). It has been observed in 
Picea–Abies forests of Arizona on Picea 
engelmannii on the Kaibab National Forest 
(23), White Mountain Apache Reservation 
(M. L. Fairweather, unpublished observa-
tion), and Apache National Forest (where 
it also infects A. bifolia; 7), as well as on 
northern New Mexico forests (23). Anno-

Table 1. Locations, hosts, and identification of collections based on internal transcribed spacer ribosomal DNA sequences 

Identified  
Heterobasidion spp. 

 
Host 

Isolate or  
collection no.a 

 
Locationb 

Heterobasidion annosum Juniperus virginiana B1451 6 km south of Bessey Nursery, Nebraska NF, Nebraska 
H. annosum Pinus ponderosa B1445 1 km south of Bessey Nursery, Nebraska NF, Nebraska 
H. annosum P. ponderosa B1446 1 km south of Bessey Nursery, Nebraska NF, Nebraska 
H. annosum P. ponderosa B1447 1 km south of Bessey Nursery, Nebraska NF, Nebraska 
H. annosum P. ponderosa B1448 13 km northwest of Flagstaff on the west side of San Francisco Peaks,  

Coconino NF, Arizona 
H. annosum P. ponderosa B1469 14 km northeast of Nucla, near Forest Road 503, Uncompahgre NF, Colorado 
H. annosum P. ponderosa WT.B.PP 8 km south of Ruidoso, Mescalero Apache Reservation, New Mexico 
H. parviporum Abies concolor B1436 Angel Creek Campsites, Uncompahgre NF, Colorado 
H. parviporum A. concolor B1437 Angel Creek Campsites, Uncompahgre NF, Colorado 
H. parviporum A. concolor B1438 Amphitheater Campground, Uncompahgre NF, Colorado 
H. parviporum A. concolor B1439 Amphitheater Campground, Uncompahgre NF, Colorado 
H. parviporum A. concolor B1440 Vallecito Reservoir, San Juan NF, Colorado 
H. parviporum A. concolor B1441 Vallecito Reservoir, San Juan NF, Colorado 
H. parviporum A. concolor B1443 Wolf Creek Campground, San Juan NF, Colorado 
H. parviporum A. concolor B1444 Wolf Creek Campground, San Juan NF, Colorado 
H. parviporum A. concolor JM2 8 km north of Jemez Springs, Santa Fe NF, New Mexico 
H. parviporum A. concolor SM1 16 km northeast of Albuquerque, Cibola NF, New Mexico 
H. parviporum Picea engelmannii B1442 Wolf Creek Campground, San Juan NF, Colorado 

a  Collection numbers beginning with a B designate cultures maintained at Iowa State University. Other collection numbers designate basidiomes from which
DNA was extracted for identification. 

b  NF = National Forest. 
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sus root disease on Pinus ponderosa is 
uncommon in Arizona and New Mexico 
and occurs in widely distributed but local-
ized populations. In addition to the loca-
tions where we found H. annosum, in-
fected P. ponderosa have been observed in 
Arizona on the Apache-Sitgreaves (M. L. 
Fairweather, unpublished observation) and 
Coconino National Forests (15,23) in the 
east and north, the Williams Ranger Dis-
trict of the Kaibab National Forest (23) in 
the north, and on the San Carlos Apache 
Reservation in the southeast (M. L. Fair-
weather unpublished observation). In 
New Mexico, the disease occurs on P. 
ponderosa on the Lincoln National Forest 
and adjoining Mescalero Apache Reser-
vation in the south (13) and on forests in 
the north (23). 

The apparently limited distribution and 
host range of annosus root disease in 

Wyoming, South Dakota, and Colorado 
contrasts with that in Utah, Nevada, and 
southern Idaho, where the disease is gen-
erally widespread and has been found on 
every conifer species except P. flexilis, P. 
albicaulis, and Larix occidentalis (21). For 
example, the disease is widespread in 
Pinus spp. in southern Utah, including the 
Abajo Mountains in the east near the Colo-
rado border (Fig. 2). In several locations, 
including the Dixie National Forest in 
southern Utah and the Toiyabe National 
Forest near the California–Nevada border, 
both Pinus spp. and A. concolor were be-
ing killed. A study of the species of Het-
erobasidion involved in such situations 
would improve understanding of potential 
host ranges of the respective species. 

Although our sample size was not large, 
the apparent lack of overlap in host range 
between the two species of Heterobasidion 

has implications for management in this 
area. Where substitution of tree species 
from the two host groups is feasible, it 
should lead to much less disease in future 
stands. For example, disease caused by H. 
parviporum in stands of A. concolor 
could be managed by conversion to P. 
ponderosa. 
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Fig. 2. Hosts and locations of Heterobasidion cultures and specimens identified from Nebraska, Colo-
rado, Arizona, and New Mexico. Historical records for these states and Utah are also included, show-
ing reported host group. We found no record of Heterobasidion spp. from Wyoming or South Dakota. 


