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determined that if A. mellea was not
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boreal
Roots of 288 red spruce trees (Picea rubens) in mixed hardwood, transitional, and montane
by Armillaria
forest in New England and New York were excavated and examined for colonization
locations. The percentage
mellea. The fungus was associated with declining and dead spruce in all
decline symptoms but
of
severity
increasing
of roots colonized by the fungus increased with
decreased with increasing elevation. In high-elevation boreal forests, where the decline has been
documented to be most intense, 75% of the recently dead and severely declining trees were not
colonized by A. mellea. Although A. mellea is involved in red spruce decline, it is not the major
cause of the current regional episode of spruce decline and mortality,

found on dead and severely declining
trees within a plot, it was not found on
mildly declining or healthy trees in the
uppersame plot. Therefore, at the twowas
not
elevation transects, if A. me/lea
or
eldea
esention any of th r
severely declining trees in a plot, no
mildly declining or healthy trees were
excavated.
For trees that were excavated, all main
lateral roots were uncovered to at least 1 m
from the bole. After noting the presence
root
of rhizomorphs of A. me/lea on were

surfaces, the roots and root collar
debarked to detect mycelial fans. The
total number of roots number of roots
with rhizomorphs, and number of roots
with mycelial fansdwere recorded.
Soil samples were collected from the
forest floor and A2 horizon at each

Red spruce (Picea rubens Sarg.), a
long-lived (300+ yr old), shade-tolerant
forest tree (7), has declined in basal area
and density within part of its native range
in the northeastern United States
(6,9,16). Decline intensity is positively
correlated with elevation and is most
prominent in the transitional and
montane boreal forests (9). The primary
cause of the decline has not been
determined, although several biotic and
abiotic stress factors and pathogens have
been suspected, including acid deposition
and Armillaria mellea (Vahl.: Fr.)
Kummer (9).
A. mellea is a native root pathogen (14)
that preferentially attacks stressed trees
(8). Primary stress agents, such as
phytophagous defoliating insects (22,23)
air pollution (4,5,18), or drought (3), can
increase host susceptibility to A. mellea.
Changes in sugars, amino acids, and
other metabolites in roots of stressed
trees predispose them to infection by A.
mellea and stimulate its growth (21,23).
Infected trees exhibit dieback, culminating
in mortality (8).

York, and Vermont on the basis of
previous documentation of decline of red
spruce (9). Study sites in order of
sampling were Styles Peak, Peru, VT;
Camel's Hump, Huntington, VT; Mt.
Mansfield, Stowe, VT; Mt. Washington,
Gorham, NH; Mt. Cushman-Hubbard
Brook Forest, Thorton, NH; Mt.
Greylock, Williamstown, MA; Paul
Smiths' College, Paul Smiths, NY;
Whiteface Mountain, Wilmington, NY;
and Hunter Mountain, Hunter, NY. At
each site, a transect was established along
the contour in each vegetation zone. Not
all zones were represented at each site
because of differences in latitude and
elevation. Transect 1 (elevation < 750 m)
was in a northern hardwood forest in
which spruce occurs as scattered groups
or individuals. Transect 2 (elevation
750-950 m) was in a transitional forest
between the hardwoods and the conifer
forest. Transect 3 (elevation 950-1,150 m)
was in a montane boreal forest composed
primarily of balsam fir (Abies balsamea
L.) and red spruce. The objectives of the
sampling were to determine the extent of
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very thin crown and dieback of branches
and/ or top, and one recently dead tree
with fine twigs and necrotic needles still
present.
A plot was defined by the first recently
dead tree sighted along a given transect

colonized in the transitional and montane
boreal forests.
The incidence of infection by A. me/lea
was inversely related to elevation (Fig. 2).
Ninety-seven percent of the recently dead
trees in the hardwood forests had at least

and a tree in each of the three other

one root colonized, whereas 63% of those

decline categories that was closest to the

in the transitional forests and 39% in the

defined by
rneta
rneta
plot. After
sampling the first two sites (10 plots), we

boreal forests had at least one root
ooie.Teptenwssmlri
ooie.Teptenwssmlri
severely declining trees.

The purposes of this investigation were
to determine the incidence and extent of
colonization of red spruce by A. me/lea
and to relate these measures to elevation
and decline,
MATERIALS AND METHODS
Nine study sites were chosen in
Massachusetts, New Hampshire, New
Stips,
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colonization by A. me/lea on roots of red
spruce in various stages of decline. Each
transect consisted of five plots at least 50 m
apart. Each plot consisted of four
dominant or codominant trees: one
healthy tree with a full crown and green
foliage, one mildly declining tree with a
thinning crown and some dying of branch
one severely declining tree With a

dead tree. The next
tenx
edte
edte
tenx
least 50 m from the

plot was
ln
h
ln
h
previous

transect. Soil pH was measured with an
Orion Research Model 611 pH meter
after mixing equal parts (by volume) of
distilled water and soil.
Relationships summarized in the
analyses of data were 1) percentage of
roots infected versus decline category, 2
percentage of roots infected versu
elevation, and 3) percentage of trees with
at least one root infected versus elevation.
RESULTS AND DISCUSSION
Roots of dead and declining red spruce
trees were colonized by A. mellea at all
elevations and the severity of decline
symptoms was related to the percentage
of roots colonized. The percentage of
roots colonized increased with increasing
decline category (Fig. 1). In the
hardwood forests, 2% of the roots of

healthy trees were colonized, whereas
86% of the roots of recently dead trees
were colonized. A similar relationship
was found in both transitional and
montane boreal forests, although the
percentage of roots colonized in each
decline category was lower. No roots of
healthy trees and 54 and 32%, respectively,
of the roots of recently dead trees were

A. me/lea was least abundant on red

100l

and 60%, respectively, of the severely
declining trees within the same plot were
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Fig. 1. Percentage of roots of red spruce
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decline symptoms in three forest communities.
Roots were examined to at least 1 m from the
bole.

colonized by Armillaria mellea in relation to
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Reasons for the scarcity of the
pathogen in the montane boreal forests
are only speculative. Factors that may be
teha
associated with distribution of A. mellea
and vary with elevation include soil pH,
soil moisture, stand composition, and
soil compounds. Soil pH ranged
from 3.6 (Mt. Cushman, NH) to 4.6
(Hunter Mountain, NY). Acidity in this
range does not inhibit A. mellea in culture
(2), and there were no discernable
patterns between intensity of infection
and soil pH at our sites. Evidence has

31:803-811.
3. Biraghi, A. 1949. 11disseccamento degli abeti di
Vallombrosa. Ital. For. Mont. 4:1-11.

4. Domanski, S. 1978. Fungi occurrence in forests
injured by air pollutants in the upper Silesia and

Cracow industrial regions of Poland. Soc. Bot.
Pol. 47:285-296.
5. Donaubauer, E. 1968. Sekundarschaden in
osterreichischen Rauchschadensgbeiten.
Schwierigkeiten der Diagnose und Bewertung.

Bewertung. Pages 277-284 in: Materialy VI

Miedzynarodowej Konferencji, Katowice,
Poland. Polaska Akademia Nauk.
6. Foster, J. R., and Reiners, W. A. 1983.

Vegetation patterns ina virgin subalpine forest at
Crawford Notch, White Mountains, New
Hampshire. Bull. Torrey Bot. Club 110:141-153.
7. Hart, A. C. 1959. Silvical characteristics of red
spruce (Picea rubens). U.S. For. Serv. Northeast.
For. Exp. Stn. Pap. 124. 19 pp.
8. Houston, D. R. 1981. Stress triggered tree
diseases: The diebacks and declines. U.S. For.
Serv. NE-INF-41-81. 36 pp.
9. Johnson, A. H., and Siccama, T. G. 1983. Acid
deposition and forest decline. Environ. Sci.
Technol. 17:294-304.
10. Johnson, A. H., Siccama, T. G., and Friedland,

A. J. 1982. Spatial and temporal patterns of lead

been provided to suggest that rhizomorph

accumulation in the forest floor in the

s.....................

growth may be restricted in dry soils

northeastern United States. J. Environ. Qual.
11:577-580.
11. McCreight, D. D., and Schroeder, D. B. 1982.
Inhibition of growth of nine ectomycorrhizal

80

(12,13). Moisture content of the forest
floor on Camel's Hump Mountain,
however, has been shown to increase with
elevation (15). The abundance
~~~~~~~~increasing
iu
of hardwoods at the lowest elevation
sampled may provide A. mellea with the
greatest quality and quantity of food
T n
of this
The natural
resources.
root pathogen
is knownabundance
to be correlated
with hardwood occurrence (1). Toxic soil
compounds capable of influencing
growth or pathogenicity of A. mellea may
vary with elevation. Lead concentration
of forest soils in the Northeast is known
to increase with increasing elevation (10).
known to be toxic to the growth
Lead is
isMountains
and development of numerous fungi

60

so
40 -

• 30
0 20
10
Transitional
Forest

culture of several isolates of Armillaria mellea
from western white pine. Phytopathology

Ded..T...

_070

Hardwood

2. Benton, V.L., and Ehrlich, J. 1941. Variation in

Mfe
etfluereal

Community

Fig. 2. Percentage of dead and severely
declining red spruce colonized by Armillaria

me/lea inthree forest communities.

(11,17,19,20).

fungi by aluminum, lead, and nickel in vitro.
217Vertical distribution of
1.Evrn
12. Morrison, x.Bt
D. J. 1976.
Armillariamellea rhizomorphs in soil. Trans. Br.
Mycol. Soc. 66:393-399.

13. Morrison, D. J. 1981. Armillaria root disease. A
guide to disease diagnosis, development and
management in British Columbia. Can. For.
Serv. BC-X-203. 15 pp.
14. Raabe, R. D. 1962. Host list of the root rot

fungus, Armillaria mellea. Hilgardia 33:25-88.

15. forest
Siccama,
T. G. 1968. Altitudinal distribution of
vegetation in relation to soil and climate on
the slopes of the Green Mountains. Ph.D. thesis,
Univ. Vermont, Burlington. 364 pp.
16. Siccama, T. G., Bliss, M., and Vogelmann, H. W.

1982. Decline of red spruce in the Green
of Vermont. Bull. Torrey Bot. Club

109:162-168.
17. Smith, W. H. 1977. Influences of heavy metal leaf
contaminants on the in vitro growth of urbantree
phylloplane-fungi. Microbiol. Ecol.
3:231-239.

spruce in the montane boreal forests,
where the decline is most prevalent (9). In
these forests, 91% of the severely
declining trees were not colonized by the
pathogen, even though they displayed
symptoms similar to declining trees at
lower elevations. Similarly, 61% of the
dead trees sampled in the boreal forest
were not colonized. Spruce mortality
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the decline of red spruce in the
northeastern region of the United States,
it is not the primary cause of spruce
mortality. The association of A. mellea
with declining trees indicates that the
s
trees are being predisposed
to damage by

pathogen.
Because A. me/lea preferentially
attacks stressed trees (8), we expected
that most of the severely declining trees
within the same plot as a colonized,
recently dead tree would also be

stress is sufficient by itself to cause
mortality or that other secondary
organisms are interacting with the stress
to kill the trees.

21. Wargo, P. M. 1972. Defoliation-induced
chemical changes in sugar maple roots stimulate
growth of Arm/i/laria me//ea. Phytopathology
62:1278-1283.

LITERATURE CITED
1. Barrett, D. K. 1970. Arm/iar/a me/lea as a
possible factor predisposing roots to infection by
Polyporus schwe/nitzii. Trans. Br. Mycol. Soc.
55:459-462.

22. Wargo, P. M. 1977. Arm/i/lar/el/a me/lea and
Agri/us bi/ineatus and mortality of defoliated
oak trees. For. Sci. 14:485-492.
23. Wargo, P. M., and Houston, D. R. 1974.
Infection of defoliated sugar maple trees by
Arm/i/laria me/lea. Phytopathology 64:817-822.

ocurdi"h prsneo

bec
fte
occuredin
asene
he oresnceor
th

colonized. This was not the case. In the
hardwood and transition forests where A.

me/lea was found on dead trees, only 68

some undetermined biotic or abiotic
stress. The fact that trees are dying in the
asneo
abenc

.m/e
ofA. mlle

niae
httemetal
inicaes hatthe

18. Smith, W. H. 1981. Air Pollution and Forests:
Interactions Between Air Contaminants and
Forest Ecosystems. Springer-Verlag, New York.

379 pp.

19. Smith, W. H., Staskawicz, B.J., and Harkov, R.

5. 1978. Trace-metal pollutants and urban-tree
leaf pathogens. Trans. Br. Mycol. Soc. 70:29-33.
20. Staskawicz, B.J., and Smith, W.H. 1977. Traceleaf-pollutants suppress in vitro development of Gnomoniap/atani. Eur. J. For. Pathol.

7:51-58.

Plant Disease/September 1984

795

