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E.L. BARNARD, S. P. GILLY, and W. N. DIXON, Forest Pathologist, Former Biologist, and Forest Entomologist,
respectively, Insect & Disease Section, Bureau of Forest Management, Florida Division of Forestry, FDACS,

Gainesville 32602

Heterobasidion annosum was confirmed to be present in 17 of 30 thinned slash pine (Pinus
elliottii) plantations in north and north central Florida. Symptoms of possible root disease
were detected on only 8% of 1,840 tive trees, 14% of 2,204 stumps, and 13% of 811 dead
trees examined. Although H. annosum was isolated from 47% of root and wood samples with
white stringy rot, this symptom was observed in only 0.6, 5, and 4% of the live trees, stumps,
and dead trees, respectively. Resin-soaking and/or staining was observed in 6, 2, and 7%,
respectively, of the live trees, stumps, and dead trees, and H. annosum was isolated from
only 10% of root and wood samples exhibiting this symptom. Inonotus circinatus was isolated
from 9% of root and wood samples displaying resin-soaking and/or staining. Other root and
stump infecting fungi detected were Armillariella tabescens, Phaeolus schweinitzii, Lepto-
graphium procerum, Fomitopsis palustris, Monascus floridanus, and a Ganoderma sp. A.
tabescens was a predominant root and stump colonizer in four of the 30 plantations and sometimes
occurred in the same roots as H. annosum. H. annosum was confirmed present in only two
of 11 plantations surveyed with the “annosus sampling procedure,” whereas the presence of
the pathogen was confirmed in six of the same 1! plantations via a 20-unit plantation-row
plot method. In one plantation, H. annosum was undetected using the annosus sampling
procedure, despite the fact that the fungus was isolated, respectively, from 33, 83, and 60%

of the live trees, stumps, and dead trees sampled via the plantation-row plot method.

Annosum root rot, caused by Heter-
obasidion annosum (Fr.:Fr.) Bref., is
considered one of the most destructive
diseases affecting conifers in the north
temperate regions of the world. The
disease occurs most often in thinned
stands where the pathogen can cause
direct mortality (7,8,18,29,33), reduced
rates of growth (4,16,21), and increased
susceptibility to attack by bark beetles
(4,5). Although incidence of H. annosum
in stumps and residual trees in thinned
conifer stands has been estimated in sev-
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eral geographical areas of North America
(8,17,28,31,33,41), a satisfactory under-
standing of the overall impact of anno-
sum root rot in managed pine stands in
Florida is lacking.

H. annosum has been identified as a
cause of reduced growth and mortality
in certain thinned and unthinned planta-
tions of slash pines (Pinus elliottii
Engelm.) in Florida (E. L. Barnard, un-
published; G. M. Blakeslee, personal
communication). In 1978, foresters from
the Florida Division of Forestry reported
that eight of 64 slash pine plantations,
thinned within the previous 10 years,
were infected with H. annosum (E. L.
Barnard, unpublished). Trees in an addi-
tional 23 of these 64 plantations were
reported to be exhibiting symptoms typi-
cal of those induced by H. annosum (e.g.,
crown thinning, windthrow, dead or dy-
ing trees, resinous or white-stringy rot-
ted roots). While such observations and
unconfirmed reports provide a frame-

work for consideration, they fail to pro-
vide an assessment of disease impact or
risk-hazard rating sufficient for issuing
sound and cost-effective recommenda-
tions for disease prevention. For exam-
ple, should foresters and landowners
considering thinning stands treat stumps
with protective chemicals? If they should,
at what cost (7,11,23,25,32,35,39)? To
better understand the incidence and
severity of annosum root rot in Florida,
we conducted a survey of thinned slash
pine plantations.

MATERIALS AND METHODS

Industrial, consulting, and Florida Di-
vision of Forestry foresters throughout
north and central Florida were provided
with data forms and asked for back-
ground data on slash pine plantations
thinned between 1972 and 1983. From
a total of 294 forms returned, 30 planta-
tions (Fig. 1) were selected for field evalu-
ation after consultations with George
Ryan, Statistician, Forest Pest Manage-
ment, Region 8, USDA Forest Service
in Atlanta. Selected plantations ‘were
stratified so as to evaluate stands thinned
1) between 3 and 8 yr before our survey
(i.e., each surveyed plantation was thin-
ned 3-8 yr prior to actual visitation), 2)
in calendar years 1976-1983, 3) in all
four seasons of the year, and 4) on each
of three broadly defined site-soil types
(Fig. 2).

Depending on plantation size, 10 or
20 plots (<8 ha = 10 plots, =8 ha =
20 plots) were distributed at regular
intervals throughout each selected plan-
tation, spaced according to number of
rows of trees and distances within rows.
Each plot consisted of 20 sampling units
in a plantation row, with units identified
as live trees, stumps, and dead trees (Fig.
3). Each tree was examined for above-
ground indicators of annosum root rot
(crown thinning, chlorosis, sporophores,
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basal resinosis, etc.). Soil at the base of
each stump and dead tree was removed,
and roots or portions thereof were ex-
cavated, dismantled manually with a
mattock and axe, and examined for
fungal signs, resin-soaking, and wood
decay indicative of annosum or other
root rot. Additionally, at least two roots
from each of four live trees (positions
I, 6, 11, and 16 or the next in linear
sequence if necessitated by the presence
of stumps or dead trees) were uncovered
with a mattock and examined for evi-
dence of root disease, employing a modi-
fied version of Alexander and Skelly’s
“two root method” (3). Efforts were
made to examine roots of live trees on
sides closest to stumps and dead trees
(Fig. 3). Each root was examined for a
length of about 0.5-1.5 m. For compar-
ison, we simultaneously employed the
“annosus sampling procedure” (ASP) as
described by Alexander and Anderson
(1,2) in 11 of our 30 survey plantations
(ASP plots were located near the center
of our 20-unit plantation-row plots). In
addition, all units were examined for the
presence of stem infections of fusiform
rust (caused by Cronartium quercuum
(Berk.) Miyabe ex Shirai {. sp. fusiforme
(Hedgc. & Hunt) Burdsall & G. Snow),
pitch canker (caused by Fusarium sub-
glutinans (Wollenweb. & Reinking) P. E.
Nelson, T. A. Toussoun, & Marasas),
and evidence (e.g., pitch tubes, entrance-
emergence holes) of infestation by ips
engraver beetles (/ps spp.).

Representative samples of root and
wood tissues with symptoms of possible
root disease were transported on ice to
the laboratory. Wood chips were re-
moved aseptically from root and wood
samples or removed and surface dis-
infected (dipped in 95% ethanol and
flamed or dipped for 2 min in 0.5%
sodium hypochlorite and rinsed in sterile
deionized water), placed on malt extract
agar and Russell’s agar (40), and incu-
bated at room temperature under normal
laboratory lighting. Cultures were exam-
ined as required over 1-3 wk.

RESULTS

The 30 plantations surveyed repre-
sented a total of 456 ha. Sixteen planta-
tions were =8 ha and 14 were <8 ha.
In all, 460 plots with 9,200 sample units
(6,185 live trees, 2,204 stumps, 811 dead
trees) were observed, and roots of 1,840
live trees as well as all stumps and dead
trees were excavated and examined.
Plantations surveyed ranged in age from
17 to 33 yr (x =23). Tree mortality within
plantations surveyed (i.e., percentage of
dead trees, all causes) evident at the time
of the survey averaged 11% (range:
2-32%). Fusiform rust was detected in
29 of the 30 plantations at incidence
levels (stem infections only) ranging from
1 to 55% (x = 12%) on live trees, 1 to
48% (x = 9%) on stumps, and 2 to 100%
(x = 33%) on dead trees. Pitch canker
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was detected in only two plantations, but
it occurred on 29 and 45% of the trees
in these plantations. Evidence of ips
engraver beetle activity was negligible
throughout the survey.

Sporophores of H. annosum and other
root rot and decay fungi were observed
very infrequently during the survey.
Sporophores of H. annosum were de-
tected on only two, 26, and four live trees,
stumps, and dead trees, respectively.
Twenty-five of the 26 stumps with spor-
ophores were in one plantation. These
stumps represented 26% of the stumps
examined in that plantation. Sporo-
phores of Inonotus circinatus (Fr.) R. L.
Gilbertson, on the other hand, were de-
tected on four live trees, two stumps, and
one dead tree, generally in association
with basal fusiform rust galls. In one
plantation, sporophores detected most
frequently were those of Fomitopsis
palustris (Berk & M. A. Curtis) R. L.
Gilbertson & Ryvarden (10 of 114
stumps, largely in association with what
we call a “white punky rot”) and a
Ganoderma sp. (16 of 114 stumps).

Symptoms of possible root disease
were detected in all 30 plantations. How-
ever, symptoms were detected in only 8,
14, and 13% of the live trees, stumps,
and dead trees examined. White stringy
rot (WSR) symptoms were detected in
only 0.6% of the live-tree root systems,
5% of the stumps, and 4% of the dead
trees (Table 1). Nearly half of the stumps
with WSR occurred in the plantation
where 25 of the 95 stumps examined had
sporophores of H. annosum. However,
only three of 80 live-tree root systems
and three of 43 dead trees examined in
this plantation exhibited either WSR or
resin-soaking and/or staining (RSS).
Laboratory isolations from five of these
six sample units failed to yield H.
annosum; the pathogen was isolated
from one of the three dead trees sampled.

RSS was detected in 6, 2, and 7%,
respectively, of the live-tree root systems,
stumps, and dead trees (Table 1). How-
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Fig. 1. Distribution of thinned slash pine
plantations surveyed. Solid circles indicate
plantations in which Armillariella tabescens
was a predominant colonizer of residual stumps
and roots.

ever, only 109 of 154 RSS samples
isolated on laboratory media yielded H.
annosum, whereas 47% of 68 WSR sam-
ples yielded the pathogen. Twenty-two
percent of the RSS samples yielded pri-
marily other fungi upon isolation, a
number of which are well-known root
pathogens of conifers. I circinatus was
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Fig. 2. Stratification of the 30 plantations
surveyed with respect to (A) calendar year
thinned, (B) years thinned prior to survey, (C)
season of thinning (F = fall, W = winter,
SP =spring, S = summer, UNK = unknown),
and (D) general site-soil category (FW =
flatwoods; SPD = shallow, poorly drained;
DWD = deep, well drained).
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Fig. 3. (A) Survey plot schematic (profile) showing 20 sampling units (live trees, stumps, and
dead trees) in a linear plantation-row plot. Circled numbers indicate units that had roots excavated
and examined. Arrows indicate selection and location of live trees for root excavation and
examination. (B) Vertical schematic of sampling units 10-14 showing typical pattern of root
excavation and examination (stippled areas) (S = stump, D = dead tree, GT = green, live
tree).

Table 1. Summary of “root rot” symptoms and signs detected in thinned slash pine plantations
in Florida and results of laboratory isolations

11 8 5 0 0 0 0 0
117 92 6 7 1 7 0
9 4 0 3 0 0 0 0o o
0 0 1 0 0 0 o0
138 105 11 4 8 1 8 0
103¢ 34 14 0 0 0 0 0o 0
39 20 3 1 0 (] 0 0
64 16 5 5 0 0 ] 0o 0
96¢ 26 0 0 0 0 8 0 0
302 96 22 6 0 8 0o 0
32 26 13 0 0 0 0 0o 0
53 42 7 2 6 2 0 0 5
14 8 4 0 0 0 0
7 4 0 0 0 0 0 0o o
106 80 21 6 6 2 0 5
0
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