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LIBRARY ABSTRACT
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Colonization and Losses in the Residual Stand, USDA
Forest Serv. Tech. Bull. 1459.
Pomes annosus ( Fr. ) Karst, root rot has become increasingly serious in
planted pines in the United States. Study centered on the effects of
temperatures, inoculum availability, and competing organisms and their
relation to losses in the residual stand. Results indicate seasonal thinning
of pine plantations in most parts of southeastern United States is a
practical and effective means of control.
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ABSTRACT

Deposition of viable spores by Fomes annosus, Peniophora gigantea,
and Trichoderma spp. over 1-hour periods was recorded at weekly^
intervals for 1 year in 18 pine stands from Florida to New Hampshire..
At most locations, deposition of F. anno sus and P. gigantea spores was
lowest in the summer, but Trichoderma spp. followed no apparent*
seasonal pattern. Deposition of spores of Trichoderma spp. and Pii,
gigantea was generally lower than F. annosus. The most southern
trapping locations produced few spores after daily stand temperatures
reached a maximum of 32°G or a mean temperature of 21 °C. Spore.«
deposition at the most southern trapping sites was inversely correlated
with temperature but not correlated at the more northern trapping
sites. It was not correlated with precipitation at any trapping site.
-•

Colonization of slash and loblolly pine stumps by F. annosus during^
seasonal thinning studies was lowest during late spring and summer _
and highest during the fall and winter.

"I

Plantations south of approximately 34 °N latitude in southeastern
United States may be thinned in late spring and summer without
danger of stump colonization by F. annosus. North of this latitude^,
however, chemical or biologic protectants should be applied to stumps
at all times of thinning during the year.
*

Inoculum availability, stump and air temperatures, and such com- *
peting organisms as P. gigantea and Trichoderma spp. were significantly ^
related to recovery of F. annosus from stumps, but none was found to
be the sole governing factor. The possible role of temperature in coloni-*^
zation of roots and rate of spread by F. annosus is discussed.
^

At Bainbridge, Ga., residual stand losses 5 years after thinning were ,
highly correlated with stump colonization and percentage of stumps
infected 2 months after plot installation. Smaller suppressed and inter- '
mediate trees were killed first by F. annosus. Percentage volume losses»
were always less than the percentage of stems killed or infected by
F. annosus because small suppressed or intermediate trees were first
to be killed. During the peak infection period (December) after 5
years, 5.2 percent of the volume was lost and an additional 11.6 percent
was infected by F. annosus. Projected losses 10 years after thinning are ^
a minimum of 31.21 m^/ha (446 ft^/acre) or approximately five
standard cords/acre.
VI

At Aulander, N. G., residual stand losses 5 years after thinning were
negligible even though initial stump colonization was higher than at
Bainbridge. This lack of correlation emphasizes the complex factors
involved in residual stand infection. The Aulander site has a high
water table which often reduces disease potential.
Results of all portions of this study indicate that seasonal thinning
of pine plantations in most parts of the southeastern United States
is a practical and effective means of controlling F. annosus.
Additional key words. Pinus elliottii var. elliottii, Pinus taeda, Peniophora gigantea, Trichoderma spp., stump temperature, air temperature,
soil temperature, rainfall, spore deposition, control of root rot, volume
loss, biological control.
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F ornes anno sus in the Southeastern United States:
Relation of Environmental and Biotic Factors to Stump
Colonization and Losses in the Residual Stand
by
Eldon W. Ross^

INTRODUCTION
Fomes annosus (Fr.) Karst, root rot
has become increasingly serious in
planted pines in the United States
within the past 20 years. A south-wide
survey in 1960 revealed that 59 percent of loblolly {Pinus taeda L.) and
44 percent of slash (P. elliottii Engelm.
var. elliottii) pine plantations examined had F. annosus (Powers and
Verrall 1962). For several years,
freshly cut stumps left in thinning operations have been recognized as the
major pathway by which F. annosus
enters a stand (Rishbeth 1950).
Nevertheless, little information is available in the literature on the relationship of stump colonization to residual
stand losses. A logical hypothesis is that
many factors, such as temperature,
competing organisms, natural inoculum availability, etc., affect the successful entry of F, annosus into a stump
root system. But, little information is
available on the interaction of these
and other factors under field conditions, nor do we know that high
initial stump colonization always results in residual stand losses.

Morrison and Johnson (1970) found
that mild humid weather and a large
population of F. annosus spores, typical of coastal British Columbia, are
likely to produce high levels of stump
infection in thinned fir, hemlock, and
spruce stands throughout much of the
year. Studies in England (Meredith
1959, Rishbeth 1951) suggested seasonal periodicity of stump colonization
by F. annosus. In Denmark, YdeAndersen (1962) also found seasonal
variation in stump colonization, but
periods of highest infection were somewhat different from those in England.
In the United States, Driver and Ginns
(1964) found seasonal fluctuation in
colonization of stumps by F. annosus
and suggested mean air temperature
of 70°F (2rC) and above limited
colonization of freshly cut pine stumps.
A number of studies (Kallio 1970a,
1970b, Reynolds and Wallis 1966,
Rishbeth 1959, Drummond and Bretz
1967, Wood 1966) record seasonal
dispersal of spores in various parts of
the United States and in other countries. Few studies, however, have been

^ When this research was conducted, the author was Principal Plant Pathologist, Southeastern Forest Experiment Station, USDA Forest Serv., Forestry Sciences Laboratory,
Athens, Ga.
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attempted in the southeastern United
States or in similar hot climate.
Knowledge of periods of high infection by F. annosus and the factors that
influence these periods is of great importance in determining when to
apply control measures. It is known
that temperature per se has a direct
effect on germinability of spores and
mycelial growth. Gooding et al. (1966)
found that actively growing mycelia of
F. annosus were killed in wood after a
2-hour exposure at 40°C in the laboratory and that stump temperatures in
the South frequently reached this level
during summer. Ross (1969) found
that neither conidia nor basidiospores
of F, annosus would be likely to survive more than 1 hour at 45°C on the
surface of a stump.
Thepurposesof this study were: (1)
to determine the seasonal availability

of viable spore inoculum of F. annosus
in eastern United States and ascertain ^
deposition rates of viable spores of two *
of its common competitors—Penio- phora gigantea (Fr.) Massee and
Trichoderma spp.; (2) to find out the "
effect of seasonal thinning and competing micro-organisms on colonization of
stump surfaces by F. annosus; (3) to '
record continuously air, stump, and ^
soil temperatures and determine their
relation to colonization of stumps and
root systems by the fungus; and (4) to
determine the effects of seasonal thinning, without the use of stump protectants, on the development of F. _
annosus in the residual stand.

Some data concerning seasonal infection of stumps by F. annosus have
been reported earlier (Ross 1967,
1970; Ross and Driver 1966).
^

MATERIALS AND METHODS
The seasonal availability of viable
spores of F. annosus, P, gigantea, and
Trichoderma spp.

echinata Mill.) near Asheville, N. G.,
and Virginia pine (F. virginiana
Mill.) near Buckingham, Va. (Fig. 1).

Spore trapping was carried out in
18 pine stands, each with known infection centers of F. annosus. Trapping
stations were located in slash pine
plantations near Perry, Fla., near
Bainbridge, Kingsland, Farmington,
and Athens, Ga., and near Wedgefield,
Newberry, and Patrick, S. C; in loblolly pine plantations near Chapel Hill
and Roanoke Rapids, N. G., and
Franklin and Hopewell, Va.; and in
red pine (P. resinosa Ait.) plantations
near Warrensburg, N. Y., and Hillsboro, N. H. (for comparison in a
northern region).
In addition, trapping stations were
located in natural stands of slash pine
near Rincón, Ga., loblolly pine near
New Bern, N. G., shortleaf pine (P.

Spores were trapped from September 1967 to August 1968 at 16 locations; in Warrensburg and Hillsboro,
the trapping period extended from November 1967 to October 1968. At each
station 20 trapping platforms, each
10 X 10 cm, were placed approximately
15-20 cm above the litter layer (Fig.
2) within an area 1-1 ^2 ha (2-3
acres). An open, plastic petri dish containing an agar medium selective for
F. annosus (Kuhlman 1966) was
placed on each platform. Once each
week during the sampling period, a
new set of 20 traps (12.16 dm^ total
surface area) was exposed for 1 hour
between 7 and 9 a.m. The 7-9 a.m.
period was selected because preliminary studies indicated more spores

'"

^
^

*¿

^

Worr«ntbur9
Hillsboro

Figure 1.—Locations of the 2 seasonal
thinning studies and the 18 spore-trapping
stations.
could be trapped at this time than any
other during the work day. Although
more spores could be trapped at night,
the early morning trapping period is
justified because convections and air
movement in the stand would generally be at a minimum. Because no
traps were exposed after precipitation
until at least 48 hours elapsed, this
schedule was occasionally changed.
Traps were prepared weekly and
shipped from Athens to each location
in cardboard boxes lined with polyurethane. Immediately after exposure
the petri dish lids were replaced, and
the traps were packaged and returned
to the Athens laboratory. Each box
(Fig. 3) contained a 6-fluid-oz. can of
frozen liquid coolant to protect the
spore traps from high temperatures
during shipment. The average time for
return of the traps was 2 days.
After 9 days' incubation at 25 °C,

F-521602

Figure 2.—Platform used to support spore
traps 15-20 cm above the litter layer.

F-521603

Figure 3.—Polyurethane-lined container
for shipping spore traps with frozen liquid
coolant.

the traps were examined microscopically for the imperfect stage of F.
anhosus.: The number of spores deposited per dm^ of agar surface per
hour was estimated by counting the
total number of discrete colonies of
F. annosus, assuming that each originated from a single spore. Counts for
viable spores of P. gigantea and Trichoderma spp. were made from these
traps in the same manner. Although
the medium used in the spore traps
was developed for the selective growth
of F. annosus, it also permits germination and growth of spores of P. gigantea and Trichoderma spp.
The minimum and maximum temperatures in the stand for the week
preceding each trapping were measured with a calibrated thermometer
placed 15 cm above the ground on the
north side of a tree not in direct sunlight. Precipitation data were obtained
from nearby U. S. Weather Bureau
stations or from cooperators who
measured it at or near the trapping
station.
The relation of seasonal thinning to
colonization of stumps by F, annosus
in pine plantations
The thinning study was conducted
near Bainbridge, Georgia (BaGa) at
approximately 30°N 85°W in a 17year-old slash pine plantation, commencing February 1, 1965; and near
Aulander, North Carolina (AuNC) at
approximately 36°N 77°W in a 20year-old loblolly pine plantation, commencing February 15, 1966 (Fig. 1).
There is no apparent difference in
relative susceptibility of slash and loblolly pine stumps to F, annosus infection. Spacing in both plantations was
1.82 X 2.44 m (6 X 8 ft) and the original stocking was approximately 36.72
mVha (160 ft2) of basal area. Both
plantations were operationally thinned
to approximately 18.36 mVha (80 ft^)

when the plots were installed. Plots at
both locations were contiguous, in
single plantations, covering 8-12 ha
(20-30 acres). Soils in the plots at
BaGa were acidic fine loamy sands
classified in the Orangeburg and
Cahaba series. All were well drained;
depth to the seasonal high water table
was not greater than 152 cm (60
inches). At AuNC the surface soil was
acidic fine sandy loam, but subsoils
were firm, poorly drained sandy clay;
all were classified in the Goldsboro,
Lynchburg, and Bertie series. The seasonal high water table was at or near
the surface, and standing water was
evident during part of the year.
Twelve plots were established each
month at each location for 12 consecutive months. A single plot contained at
least 25 stumps suitable for sampling,
thus plot size varied slightly. Stumps
Cronartium fusiforme Hedge. & Hunt
of trees with basal cankers caused by
ex Cumm. were excluded from sampling, but did receive the treatment
assigned to the plot. Plots were separated by 5-m isolation strips in which
the stump tops were treated with granular borax (Driver 1963). Plot treatments were randomly assigned each
month.
Six of the plots established each
month at each location were inoculated with a conidial suspension of F.
annosus (inoculated) ; the remaining
six were untreated (noninoculated).
To prepare the inoculum, four isolates
of F. annosus were grown on 2 percent
malt extract agar for 12 days, washed
with sterile distilled water, and the
conidial suspensions combined and diluted to approximately 100,000 spores/
ml. The spore suspension was applied
to the freshly cut stump surface with
a pressure sprayer to the point of runoff and allowed to penetrate for a few
seconds; then the application was repeated. Inoculum was prepared im-
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mediately before plot installation.
-iWhen field temperatures were high,
the inoculum was protected by pack'^ing the sprayers in ice. All stumps in
>,all six plots were treated on the same
day within 4-6 hours.
^ Two months after plot installation,
^e top 8 cm of 25 stumps from each
of three inoculated and three nonin-loculated plots were severed. The remaining six plots were left for study
"of spread of F. annosus in the residual
^tand. Severed stump tops were soaked
10 minutes in 1 percent sodium hypo' chlorite and quartered. Five wood
•►^coreSj from 2-5 cm below the' surface,
were aseptically removed with an in^crement hammer from each face of the
quartered tops. This sampling proceAiure provided 1,000 isolations for each
^lot. The wood cores were placed on a
medium selective for F. annosus
*^(Kuhlman and Hendrix 1962), and
after incubation for 7 days at 24 °C
the number of cores with F. annosus^
^P. gigantea^ and Trichoderma spp. was
recorded. Although the isolation
medium was developed for the selective determination of F. annosus, it
also permits ready identification of P.
'^gigantea and Trichoderma spp.
Eight thermographs, each with two

sensors and a 31-day recording chart,
were placed at each location. Temperature was continuously recorded in
eight stump tops at a depth of 1 cm,
at four locations in the air at a height
of 15 cm above the litter layer, at two
locations in the soil at a depth of 15
cm, and at two locations in roots
(approx 6 cm diameter) 15 cm below
ground level. The typical arrangement
of temperature sensors is shown (Fig.
4). A set of four instruments was left
in place for 2 months, then moved to
the area of the latest plot installation.
On the day of plot installation, the
availability of natural inoculum of F.
annosus at the site was determined by
the previously described spore-trapping
technique.
Losses caused by F. annosus in the
residual stand
To determine losses after thinning,
mortality caused by F. annosus was
determined annually for 5 years on the
anniversary of plot installation in the
72 plots (36 plots with stumps artificially inoculated with F. annosus and
36 plots noninoculated) left for the
residual stand study at BaGa and
AuNC. A tree was considered killed by
F. annosus if conks of the fungus were

ROOT PROBE

Figure 4.—^Locations of probes for sensing stump temperatures 1 cm below cut
surface, air temperatures 15 cm above litter layer, and soil and root temperatures 15
cm below soil surface.

present on dead trees or if F. annosus
could be isolated from the roots. If infection could not be determined by the
presence of a sporophore, three to six
roots were sampled about the circumference of the root system. To determine presence of the pathogen, isolations were made with the technique
previously described. A tree was con-

sidered infected by F. annosus if conks
were found at or slightly below thé^
ground line.
Stumps in all plots were examined
after the fifth year to determine if fer-j;
tile sporophores of F. annosus were
present. Merchantable cubic volume^
of dead and infected trees was com- ,
puted to a 10.16-cm (4-inch) top.

RESULTS
The seasonal availability of viable
spores of F. annosus, P, gigantea, and
Trichoderma spp.
The deposition of viable spores by
F. annosus at all locations for 1 year is
presented in Figures 5 and 6. The
magnitude of spore deposition was
generally variable from week to week,
e.g., at Athens deposition rates were 0,
127, and 18 spores/dmVhr during 3
successive weeks (Fig. 5). There was
also considerable variation from station
to station, e.g., Perry never exceeded 2
spores/dm^/hr during the 1-year
period (Fig. 5) whereas Roanoke
Rapids and Hopewell reached maxima
of 157 and 182 spores/dm^/hr, respectively (Fig. 6). More spores were recorded at all sites in the fall, winter,
and spring than during summer.
Over the 1-year period, F. annosus
spore deposition in the most southern
trapping locations was inversely correlated with the maximum temperature
(MXT) and the mean minimummaximum temperature (MMMT)
( table 1 ). Comparing the mean spore
deposition rates of these nine locations
with the MXT and MMMT, spore
production generally approaches 0
when the MXT approaches 32 °C
(90°F) and the MMMT approaches
2rG (70°F) in the spring. Significant
quantities of spores are not produced
again until temperatures fall below
these points in the fall (Fig. 7).

Though occurrence of spores at the^.
other trapping locations in the southeastern United States were not signi-^'^
ficantly correlated with temperature,^
they did show a marked reduction in *
spore production during the summer^
(Fig. 6). At Hillsboro and Warrensburg, the most northern locations, sea-^
sonal spore production was reversed^ ^
with fewest spores occurring during
the winter. Spore deposition and vari-«>
ous combinations of total precipitation
during the 4-week period prior to trapping were not significantly related at^
any of the 18 trapping locations.

Table 1. Correlation of spore deposi^ .
tion by Fomes annosus at nine locations with mean minimum-maxi-^
mum (MMMT) and maximum
(MXT) temperatures.
Location

MMMT

Perry, Fla.
Bainbridge, Ga.
Kingsland, Ga.
Rincón, Ga.
Farmington, Ga.
Athens, Ga.
Wedgefield, S. C.
Patrick, S. C.
New Bern, N. C.

-0.459*»
-0.428**
-0.722**
-0.505**
-0.386**
-0.541**
-0.602**
-0.412**
-0.351*

MXT

*

-0.479**
-0.370*1^
-0.656**
-0.429** t
-0.329*
-0.464**,
-0.683**^
-0.459**
-0.420*^

* and ** indicate significance at the .0^^'
and .01 levels, respectively.

Spore deposition by P. gigantea
throughout the study area rarely ex-*
ceeded 10 spores/dmVhr (Fig. 8).
Spore deposition by Trichoderma spp.
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Figure 5.—^Rates of F, annosus spore deposition at the nine most southern trapping
locations.
** rarely exceeded 1 spore/dm^/hr and
,i.was apparently not seasonal. Although
spore deposition by P. gigantea was
t not significantly correlated with either
temperature or precipitation, more
spores were generally trapped in the
^ fall. The highest deposition rates for
P. gigantea occurred during December
'^at 11 of the 18 trapping locations.
^ The relation of seasonal thinning to
colonization of stumps by F. annosus
in pine plantations
*'

Data on colonization of stumps were
recorded in two categories: (a) stump

infection identifies the number of
stumps, out of the total stumps per
treatment, from which F. annosus, P.
gigantea, and Trichoderma spp. were
recovered; (b) stump colonization describes the number of cores, out of the
total cores sampled, which yielded
these fungi and indicated how much
stump surface was colonized. At BaGa
some stumps became infected by
natural inoculum
(noninoculated)
from September through March, with
a maximum in December (Fig. 9). No
stump infection took place during
April through August. Recovery of
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Figure 6.—^Rates of F. annosus spore deposition at the nine northern trapping locations.
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Figure 7.—^The mean numbers of F. anno sus spores produced at the nine most southern
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F. annosus from inoculated stumps followed the same seasonal pattern, except that no infection occurred in July
and August.
Fomes annosus from noninoculated
stumps at AuNG was also lower during
late spring and summer, but none was
recovered in May and September. The
pathogen was recovered from inoculated stumps in all months, with the
lowest percentage of stump infection
during late spring and summer (Fig.
9).
At both BaGa and AuNG, the percentage of stumps infected with Trichoderma spp. was generally higher
and fluctuated less throughout the year
than the percentage of stumps infected
with P. gigantea (Figs. 10, 11). Trichoderma spp. were isolated with
greater frequency from stumps inoculated with F. annosus than from noninoculated stumps; however, this relationship was reversed for P. gigantea,
A seasonal pattern of occurrence was
not evident with either Trichoderma
or P. gigantea.

In addition to knowing the percentage of stumps infected with the respective organisms, it is important to
know the degree of colonization of
each stump by F, annosus or competing organisms (cf Figs. 9, 10 with table
2 ). The mean percentage of cores per
stump from which each organism was
recovered gives a good estimate of the
degree of stump colonization (table 2).
Stump colonization by F, annosus, P,
gigantea, and Trichoderma spp. in
mean numbers of cores per stump for
BaGa and AuNG were analyzed by a
three-way analysis of variance. Significant differences at the .01 level were
shown with each organism among the
treatment combinations (inoculated
with F. ßwno^Mj-noninoculated), location (BaGa-AuNG), and month of
thinning ( February-January ).
The daily minimum-maximum air
temperature, stump temperature, and
soil temperature are presented in Figs.
12 and 13. Mean monthly temperatures in the air, stump, and soil (based
on hourly measurements) are presented in Fig. 14.
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Figure 9.—Percentage of inoculate4 and
nonínoculated stumps infected with P' annosus 2 months after plot installa|ÍQf| at
Bainbridge, Ga. (BaGa) from Fehfuary
1965 to January 1966 and at Aulander,
N. C. (AuNC) from February 1966 to
- January 1967.
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annosus from which Peniophora gigantea
was isolated 2 months after plot installation at BaGa from March 1965 to January
1966 and at AuNC from February 1966
to January 1967.
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Table 2. Mean percentage of cores per stump from which F. annosus, P.
gigantea, and Trichoderma spp. were recovered from stumps inoculated with
F. annosus and noninoculated stumps at two locations in southeastern United it
States.
Bainbridge, Ga.
Organisms '.Isolated
P . gigantea

F. annosus
Month
Feb.
Mar.
Apr.
May
June

July

Aug.
Sept.
Oct.
Nov.
Dec.
Jan.

Inoculated

Noninoculated

0.67
.12
.12
0.0
.07
0.0
0.0
.40
1.02
31.15
26.20
4.22

0.15
.05
0.0
0.0
0.0
0.0
0.0
.25
.80
4.62
15.95
.50

Trichoiderma spp.

Inoculated

Noninoculated

Inoculated

Noninoculated

19.22
2.80
0.0
0.10
3.52
2.72
2.47
16.90
.62
1.02
8.47

23.07
9.80
0.0
0.0
8.90
3.70
2.62
8.52
0.07
8.00
14.47

33~87
55.80
20.32
14.72
31.90
53.22
44.12
29.60
39.12
51.50
45.30

12~42
19.60
11.80
8.80
28.40
26.82
36.52
21.07
57.17
18.50
18.57

14.37
2.32
41.00
11.37
13.42
0.07
44.57
60.67
30.92
.97
2.02
9.90

0.62
9.42
39.60
54.00
33.47
42.67
56.77
42.05
5.47
2.17
9.07
.92

0.57
6.80
15.60
12.67
26.30
18.70
21.32
3.52
4.07
2.87
10.42
2.35

Aulander, N. G.
Feb.
Mar.
Apr.
May
June

July

Aug.
Sept.
Oct.
Nov.
Dec.
Jan.

46.10
74.87
3.97
0.92
.10
7.42
.77
2.22
80.27
68.12
33.60
27.22

5.87
1.80
0.97
0.0
.05
.07
.12
0.0
16.30
4.25
2.80
4.52

7.90
4.10
31.42
4.97
10.97
0.0
21.60
28.37
3.90
0.0
0.22
5.20

At AuNG the average annual temperatures in air were 4°G less and in
stumps and soil were 6°G less than at
BaGa. U. S. Weather Bureau records
show that air temperatures averaged
1.9° G below normal during June, 1.8°
during July, and 0.1° during August
at BaGa. Root temperatures at 15 cm
below the surface varied only slightly
from those of the soil; therefore, only
the soil temperatures are presented.
Daily temperatures in the air, stump,
root, and soil generally reach their
minimum between 6-7 a.m. Daily high
temperatures generally occurred in the
air from 1-2 p.m., in the stumps from
3-4 p.m., and in the roots and soil
from 5-6 p.m.
Gorrelation and multiple regression
12

analyses were used to determine the
relation of P. gigantea, Trichoderma
spp., natural availability of F. annosus
inoculum, and temperature to the occurrence of F. annosus in noninoculated and inoculated stumps (tables 2,
3 ). Temperature parameters considered were: (1) mean monthly stump
temperature, based on hourly measurements; (2) mean monthly air temperature, based on hourly measurements;
(3) mean monthly stump temperature
between 10 a.m. and 8 p.m.; (4) mean
monthly air temperature between 10
a.m. and 8 p.m.; (5) total days,
up to 60 days after plot installation, in
which stump temperatures were — 35°
G; (6) total days, up to 14 days after
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SEP
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JAN
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BAINQRIPGE, GA.

Figure 12.—Top: daily maximum-minimum soil temperature 15 cm below soil surface
at BaGa; bottom: daily maximum-minimum air temperature (outside lines) 15 cm
above litter layer superposed on daily maximum-minimum stump temperatures (inside
lines) 1 cm below surface. Dark area between lines represents difference between
temperatures. Where the area between maximum lines is not darkened, maximum
stump temperature exceeded the air temperature; where the area between minimum
lines is not darkened, the air temperature exceeded the stump temperature.
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Figure 13.—Top: daily maximum-minimum soil temperature 15 cm below soil surface
at AuNC (missing data a result of instrument failure); bottom: daily maximumminimum air temperature 15 cm below soil surface. (See Fig. 12 caption for explanation of graphing.)
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Figure 14.—^Mean monthly temperature
(based on hourly measurements) in the »ir
15 cm above litter, in the stump 1 cm below surface, and in soil 15 cm below surface at BaGa from February 1965 to January 1966 and at AuNC frona February
1966 to January 1967.

plot installation in which stump temperatures were ^ 40° C; (7j total
day^, up to 14 days after plot installation, in which air temperatures were
^45' C; (8) total hours, up to 14
days after plot installation, that stump
température was ^ 40" G; (9) total
hours^ up to 14 days after plot installation, that air temperature was ^45°
Ci (10) cumulative houriy 40' Cstump temperatures, up to 14 days
after plot installation ; and ( U ) cumulative hourly 45'' O-air temperatures,
up to 14 days after plot installation.
AU applicable combinations of factors were tested in the correlation
analyses, In the multiple regression

analyses, the variables were included
by choosing first that variable with the
largest simple correlation with the dependent variable. The remaining variables with the largest partial correlation coefficient were chosen for inclusion. Once a variable was included it
could not be excluded at a later stage,
as in a stepwise regression procedure.
The standard F-Test for significance
was applied. Of the 50 possible regressions, only those combinations with the
lowest standard error of estimate were
considered. A summary of the important correlation and multiple regression analyses is presented in table 4,
Table 3. Deposition of airborne F.
annosus spores on day of plot installation.
Month
Feb.
Mar.
Apr,
May
June
Uly
Aug,
Sept.
Oct,
Nov.
Dec,
Jan,

Bainbridge, Ga.

Aulander, N. C.

Spores/dm*/hr.
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
14.0
0
5.8
2.8
5.6
0
0.6

Table 4. Correlation coefficients and r values from multiple regression
analyses of factors influencing the occurrence of F. annosus in stumps.
Pactors used in the correlation analysis

Total
variation
Multiple explained
Natural regression by all
factors
inoculum
r value

PentQ'
TrichO'
Tempera- phora
derma
ture
gigantm
spp,
I^oc^tkn
Treatment
70%
.835*
.386
l^inhridgi, Inocul&ted ,642^'
-.235
Oil,
Non»
,806**
.959*
92%
.014''
.233
iïioQulated ,519^
86%
.927**
,361
J83**
Aulan4§r, Inoculated ,783**^
N, Q,
Non^
81%
.845**
.902**
045"
.634*
inqçuJgted .644*"
* gin^ ** indicate ßi^nificance at the ,05 and .01 level3, respectively.
^ Pg^rfimeter ponsidfred was number of days stump temperature was — 35°G, up to 60 days
after plot installation.
* Peirameter considered was mean monthly air temperature, based on hourly measurements,
^ This factor not used in multiple regression because inclusion increased standard error of
estimate.
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Daily fluctuation in root and soil
temperatures (Figs. 12, 13) ata 15-cm
depth was generally no greater than
6°C. Freezing temperatures were not
encountered at either BaGa or AuNC
at this depth. The maximum and
minimum soil temperatures attained
over the year were 29° and 1°C at
AuNC and 35° and 3°C at BaGa.
Mean annual soil temperature was
13.7°C at AuNC and 19.5°C at BaGa.
Losses caused by F. annosus in the
residual stand
Because of the influence of some
unknown edaphic factors, significant
infection and mortality caused by F.
annosus in residual trees at AuNC did
not occur. Therefore, many comparaPLOT

tive analyses on volume losses are not
possible.
Maximum volume was lost at BaGa
from October to February in noninoculated plots and from September to
February in the inoculated plots (Fig.
15). The percentage of trees killed or
infected by F. annosus was always
higher than the percentage of volume
of trees killed or infected in noninoculated and inoculated plots at both
BaGa and AuNC (Figs. 15, 16).
Mortality caused by F. annosus was
not observed in any plots 1 year after
installation and few were noted 2 years
after. However, approximately 38 percent of all the trees killed in plots
where stumps were inoculated died
during the third year, and in nonin-
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Figure 15.—Percentage of stand volume
killed or infected by F. annosus at BaGa
and AuNC 5 years after thinning.

annoius

,ni, .. .mi

rP"1 F
AULANDER, N.C

WITH Fomas

■ DEAD
u INFECTED
a TOTAL DEAD
AND INFECTED I

F

M

A

M
AULANDER, N.C.

Figure 16.—Percentage of residual trees
killed or infected by F. annosus at BaGa
and AuNC 5 years after thinning.
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oculated plots 19 percent of the trees
were killed. Fifty-four percent of the
mortality in plots with noninoculated
stumps occurred during the fourth
year. The number of trees killed in
both plot treatments declined during
the fifth year (Fig. 17).

-L^
BAINBRIDGE, GA.

The tabulation below shows average
dbh of three classifications of trees in
the study plots :
BaGa
AuNC
cm {inches)
23.5 (9.25) 23.9 (9.42)

Noninfected
Infected by
Fames annosus 20.9 (8.23)
Killed by
F. annosus
14.9 (5.88)

23.8 (9.38)
15.9 (6.27)

The total number of trees killed by
F. annosus after 5 years at BaGa (Fig.
16) is directly correlated in plots having non-inoculated stumps
(r=
0.844**) and inoculated stumps (r=
0.890**) with the number of stumps
initially found to be infected by
F. annosus (Fig. 9). Analyses with
stump colonization data indicated similar correlation coefficients.
STUMPS INOCULATED
WITH Fomes annosus
STUMPS NONINOCULATED

I

12
3
4
5
YEARS AFTER PLOT INSTALLATION

Figure 17.—Percentage of total tree mortality in the residual stand at BaGa after
plot installation.
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AULANDER, N C

Figure 18.—Percentage of stumps in the
residual stand at BaGa and AuNC bearing
fertile sporophores of F. annosus 5 years
after plot installation.
After 5 years, relatively low percentages of the stumps in the BaGa plots
still supported fertile sporophores of
F. annosus (Fig. 18), and most stumps
disintegrated readily when kicked.
At AuNC, however, extremely high
percentages of the stumps still supported fertile sporophores of F. annosus and were still solid. There is a
direct correlation between the number
of stumps bearing fertile sporophores
of F. annosus (Fig. 18) in plots with
noninoculated stumps (r=0.420**)
and plots with inoculated stumps (r^
0.714**) and the number of stumps
initially found to be colonized by F.
annosus (Fig. 9).
With stand and site conditions
similar to those at BaGa, and with
known percentage of stumps infected
by F. annosus 2 months after thinning
or stems killed and infected by F. annosus 5 years after thinning, the percentage of volume loss in the stand
may be estimated (Fig. 19).

' o.38066 + 0.78I28X
' 2.60311 + O 49I53X

Figure 19.—The relation of stumps infected by F. annosus 2 months after thinning (—) and trees killed or infected by
F. annosus 5 years after thinning (—)
to volume loss in the residual stand 5 years
after thinning at BaGa.
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DISCUSSION
The seasonal availability of viable
^ spores of F. annosus, P. gigantea, and
* Trichoderma spp.
M

"^
•*
"*

#
'

^

^

Whenever F. annosus is identified
by the asexual fructification, there is
the possibility that it will be confused
with other fungi which have oedocephaloid conidiophores. Several fungi—
Peziza pustulata, Peniophora heterocystidia Burt, P. mutata (Pk.) Burt,
P. populnea (Pk.) Burt, Echinodontium sulcatum (Burt) Gross, Corticium furfuraceum Bres., Vararía granulosa (Pers. exFr.) Laur., V. effuscata
(Cke. & Ell.) Rogers and Jacks., V.
pallescens (Schw.) Rogers and Jacks.,
and a few other species of the Thelephoraceae—form conidiophores similar
to those of F. annosus (Dodge 1937,
Lentz and McKay 1966, Maxwell
1954, McKeen 1952). In preliminary
studies, spores from eight of these
species were placed on the spore trapping medium to compare their patterns of growth and asexual fruiting
with those of F. annosus. None produced asexual fructifications which
would likely be confused with those of
F. annosus^ and rarely were any of
these fungi encountered during the

study. Therefore, the chance of erroneous spore counts as a result of misidentification was unlikely.
The erratic weekly spore deposition
by F. annosus in this study is similar to
that reported by others (Rishbeth
1959, Sinclair 1964, Reynolds and
Wallis 1966). It is recognized that
many factors may influence rates of
deposition. Physical properties of the
spore or such other factors as rainfall,
wind velocity, and freezing or extremely high temperatures all may affect the rates of release and deposition,
but the trends in seasonal availability
of the spores are clearly evident.
In New York, Sinclair (1964) obtained positive correlations between
total rainfall 14 to 28 days before trapping and spore deposition by F. annosus from June to November. He also
obtained positive correlations between
temperature and spore deposition. In
this study, spore deposition throughout
an entire year was not significantly
correlated with rainfall in any of the
18 trapping locations. However, spore
deposition was inversely correlated
with temperature in the nine most
southern locations where freezing
temperatures did not afifect spore pro17

auction. Conversely, spore production
at Hillsboro and Warrensburg were
low in the winter when freezing temperatures affected availability of
spores. This probably explains Sinclair's positive correlation with temperature in New York. During freezing
weather, the same trend was observed
by Kallio (1970a) in Finland, Rishbeth (1959) in England, Orlos and
Tawarowska (1967) in Poland, Reynolds and Wallis (1966) in British
Columbia, and Stambaugh et al.
(1962) in Pennsylvania.
Since Kallio (1970a) was unable to
trap spores of F. annosus in the northern latitudes (65° to 68") of the
Scandinavian forests, he suggested the
fungus is less serious in these regions
than in the more southern forests.
Similarly, in the wide climatic range of
eastern United States, spore deposition
is inversely correlated with temperature in the most southern region, unrelated to temperature in the central
region, and directly related to temperature in the northern region.
Where temperatures remain relatively mild the entire year, as in Virginia and most of North Carolina, F.
annosus spores may be produced in
abundance throughout the year. Reynolds and Wallis (1966) trapped F.
annosus spores in the coastal forests of
British Columbia where the climate is
relatively mild, and found spore production unrelated to either rainfall or
temperature. Although in this study
significant correlations were not obtained between spore deposition by F.
annosus and precipitation, spore deposition frequently increased when significant amounts of rainfall (2 to 7
cm) occurred 1 to 3 weeks before
trapping.
Throughout this study, spore deposition rates by P. gigantea and Trichoderma spp. were generally low in com18

parison to those of F. annosus. Similar^*
observations were made by Kallio"^
(1970a) in Finland. Recent studies,
(Kuhlman and Hendrix 1964, Hodges
1970) have proved that P. gigantea í
competes better with F. annosus than
do Trichoderma spp. Their value in^
biological control is difficult to assess Y
because they occur so sporadically
throughout the year. In most areas, ^
however, greatest numbers of P. gigantea spores were recovered when F.
annosus spores were most abundant. ^
The low and sporadic level of ^
natural inoculum of P. gigantea in this
study suggests this fungus may not be ^
an effective and consistent biological
control of F. annosus unless it has been '
increased by artificial inoculation.^
Even if inoculum is so increased, the-*
evanescence of the P. gigantea basidio- ^
carp and its susceptibility to adverse
climatic factors might limit spore production to a greater extent than such
factors would limit spore production of
F. annosus. Hodges (1970) has pre-^
sented evidence that suggests P. gigantea may still colonize stumps several"^
months after they have been severed, *
whereas F. annosus cannot.
,
If this situation exists, consistently
high levels of P. gigantea inoculum
may not be necessary for control; it
may still effectively colonize pine%
stumps despite high inoculum levels of ^
F. annosus.

Meredith (1960) reported that P.
gigantea had a decided advantage in
competition with F. annosus for colonization of the stump when spores ofÍ
both organisms were inoculated in ^
equal ratios or even when the ratio was
10:1 in favor of F. annosus. In pine
plantations in • England, Rishbeth
(1959) found that, under natural conditions, F. annosus deposited from 1 'to ^
20 spores/dm^/hr in about half the
exposures and P. gigantea deposited

spores at the same rate in two-thirds of
'^he exposures. In the United States in
*^an area containing stumps previously
. inoculated with P. gigantea, Boyce
(1966) found that rates of spore deposition by P. gigantea exceeded those
by F. annosus.
.-^ The seasonal production of F, an** nosus spores in the nine most southern
^ trapping locations in this study suggest
there is minimal danger of stump infection by F. annosus in the late spring
and summer after the mean tempera|tures reach 21 °G and maximum
^temperatures reach 32°C in the stand
15 cm above the ground. Temperatures in the northern trapping locations occasionally reached or exceeded
these levels, and marked decreases in
J^. annosus spore production were evi-*dent during the summer, but sizeable
^ quantities of spores were still produced.
^ Spore production in the more northern
areas probably never reached the low
summer levels at the southern sites because temperatures were not consis"^tently high.
^The relation of seasonal thinning to
♦ colonization of stumps by F. annosus
^ in pine plantations
Significant seasonal variation was
found in colonization of pine stumps
inoculated with F. annosus and in noninoculated controls at BaGa and
^AuNG, with greatest colonization percentages occurring during the fall and
winter. Lowest natural colonization
. rates occurred from April through August at BaGa and from May through
>lSeptember at AuNG. While artificial
* inoculation vt^ith F. annosus significantly increaised infection of stumps
^ throughout the year, seasonal fluctuations in infection and colonization of
stumps follpwed the same general pat^tern as in noninoculated stumps. This
confirmed the supposition that avail-

ability of inoculum is not the sole factor limiting the infection of stumps by
F. annosus. In inoculated stumps
where F. annosus inoculum was not
limiting, stump temperatures ^ 35°G
were inversely correlated with the occurrence of the pathogen in the stump
(—.642* at BaGa and —.785** at
AuNG). Gooding et al (1966) reported F. annosus was masked by competing organisms at 35 °G, but not at
lower temperatures. Recovery of F.
annosus was also correlated with stump
temperature ^ 40°G, but the best correlations were obtained with the stump
temperatures ^ 35 °G. This suggests
that temperatures ^ 35°G combined
with the presence of competing organisms may have a more severe effect
on the presence of F. annosus in the
stump than would either factor alone.
In noninoculated stumps the availability of natural F. annosus inoculum
was significantly correlated (.806** at
BaGa and .845** AuNG) with stump
infection by F. annosus.
Because F. annosus spore deposition
and temperature in the southeastern
United States are inversely related it
is difficult to evaluate or even distinguish the effects of temperature and
availability of natural F. annosus inoculum on recovery of F. annosus from
noninoculated stumps. These data suggest that natural colonization in such
stumps by F. annosus is not solely related to the 40°G-mycelial and 45 °Gspore thermal inactivation points
(Gooding et al 1966, Ross 1969), but
it is probably a function of inoculum
availability.
Stumps of slash pine are probably
susceptible to infection by F. annosus
up to 2 weeks after cutting, a period
similar to that found in loblolly pine
(Ross 1968). The availability of
natural inoculum in my present study
was recorded only on the day when
19

plots were established, leaving several
days in which the stump was suscepti^
ble to infection, but with no data on
availability of natural inoculum. In
some instances trapping on a single day
may indicate the trend over a period of
several days. This apparently occurred
in my study; e.g., at BaGa relatively
high percentages of naturally infected
stumps were found with F. annosus
from September to January (Fig. 9),
but except for December these stumps
had extremely low colonization rates
(table 2). The same situation was
true at AuNG, thus the high correlation values with natural inoculum
availability and stump colonization
rates (table 4). This emphasizes that
it will be important to know both the
percentage of stumps colonized by F.
annosus and the degree of stump
colonization in estimating the amount
of F. annosus in the residual stand.
The same applies to the data on P,
gigantea and Trichoderma spp.
Although P, gigantea and Trichoderma spp. occurred in high percentages, their presence apparently had
varying effects on the occurrence of
F. annosus in stumps at the time of
isolation (tables 2, 4). Peniophora
gigantea, although quite abundant
(Fig. 10), never greatly affected the
recovery of F. annosus in the relatively
fresh stumps at either location (table
4). However, there was some stump
colonization by P. gigantea in midsummer when conditions were most
adverse for sporophore formation, suggesting that in the extreme southern
part of the region this strong competitor would be present even during
the summer.
It appears that Trichoderma spp.
greater effects on the occurrence of F.
annosus than did P. gigantea (table
4). Trichoderma spp. generally colonized high percentages of stumps
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throughout the year (Fig. 11) and at
high rates of colonization per stump?^
(table 1). The effect of Trichoderma
spp. on recovery of F. annosus may be '
misleading because in some cases its
colonization rates are extremely high *
and may mask the presence of F.
annosus. The biological significance of«
these data may not be reflected in the '-^
immediate effect on recovery of F.
annosus from the stump tops within 2
months, but rather on the amount of
F. annosus that gets into the root systems of residual trees.
|¿
At thé time isolations were made, ç
neither P. gigantea nor Trichoderma
spp. had time to replace F. annosus in ^
the stump. Frequently all three organisms were found in the same stump
and occasionally in the same core. ^
Hodges (1970) and Kuhlman and ^
Hendrix (1964) reported that Trie ho- ^
derma spp. seldom completely replaced
F. annosus in stumps and roots;
Hodges found that Trichoderma follows closely behind the actively growing front of F. annosus.
•
These authors and Rishbeth (1951)
demonstrated P. gigantea effectively ^
competes with F. annosus by replacing
it in the stump, but in all cases their ¡
observations were made in older
stumps than used in this study. Kuhlman and Hendrix (1964) reported
little competition of F. annosus and P. ,
gigantea occurred until stumps were %
more than 6 months old. Had isolations been delayed in this study, more
replacement of F. annosus by P. gigantea may have resulted. Replacement
of F. annosus in the stump by P. gigan- m
tea or other competitors may be expressed through reduced mortality in
the residual stand. Trichoderma spp. i
occurred at relatively constant levels
in stumps throughout the study and
P. gigantea was extremely variable; ,
this pattern was also found in spore
trapping studies reported earlier.

Seasonal variation in stump colonization by F. annosus in this study does
not coincide precisely with that found
by Rishbeth ( 1951 ), Meredith ( 1959),
and Yde-Andersen (1962), but agrees
with the findings of Driver and Ginns
(1964, 1969) and Ginns and Driver
(1970). Variation in climate and
availability of inoculum probably account for the differences reported,
pointing to the inapplicability of data
from various geographic regions.
Relatively high percentages of total
variation in occurrence of F. annosus
may be explained by considering together the degree of colonization, temperature, and spore deposition (table
4). It is evident that no single factor
accounts for the variation in occurrence of F. annosus in stumps throughout the year. It is apparent, however,
that temperature, inoculum availability, and competing organisms are factors involved in initial stump colonization. The efifects of other environmental
and biotic factors must be considered.
Many were unknown in this study. For
example, during the late spring and
summer at AuNC and to a lesser extent at BaGa, high incidence of
Hylastes spp. and Platypus spp. beetles
(always accompanied with high recovery of blue-stain fungi, yeasts, and bacteria) may have influenced the incidence of F. annosus in the stumps.
Soil and root temperatures have no
direct effect on the colonization of a
stump surface by F. annosus. Once it
has grown past the stump and into the
root system, it is probable extreme temperatures may have little effect on its
growth in the areas studied. The yearly
maximum and minimum soil temperatures (35° and 3°C at BaGa, 29° and
1°C at AuNG) are neither sufficiently
high nor low enough to stop completely the growth of F. annosus. The
mean soil temperatures during the hottest part of the year (May to Septem-

ber, 21.rC at AuNG and 26.6'G at
BaGa) are near the optimum growth
temperature (24°C) of F. annosus.
Therefore, F. annosus probably continues to grow in the root systems of
infected trees throughout the year.
This yearlong growth probably explains why the rate of spread of F,
annosus within a stand appears to be
faster in southern regions than in
northern ones where freezing temperatures may decrease its rate of growth
in the roots.
In southeastern United States, the
growth rate of F, annosus in pine roots
is nearly twice (Hodges 1970) that in
England (Rishbeth 1951), where soil
temperatures averaged 10°C. Hodges
did not record temperatures, but his
plots were located between BaGa
(19.5°C) and AuNG (13.7°G).
In the last analysis, the most important index of the effect of various factors on colonization of stumps by F,
annosus and spread throughout root
systems lies with the determination of
mortality caused by F, annosus in the
residual stand.
Losses caused by F. annosus in the
residual stand
Losses in the residual stand at BaGa
correlated well with the number of
stumps and degree of colonization by
F. annosus 2 months after plot installation. At AuNG, however, losses in the
residual stand could not be correlated
with stump infection and colonization
because there was minimal spread of
F. annosus at that site. Initial stump
colonization obviously was successful
because of the high recovery of the
fungus 2 months after plot installation
and the extremely high percentage of
stumps still supporting fertile sporophores 5 years later. Because there is
no evidence to suggest slash and loblolly pines are differentially susceptible
to F. annosus, it could not be ascer21

tained why the pathogen did not cause
mortality in the residual stand at
AuNC.
A possible explanation is the poor
drainage with standing water throughout part of the winter. The site also
supported abundant waxmyrtle {Myrica cerífera Linn.), a plant which
commonly grows on wet, poorly
drained soils. Morris and Frazier
(1966) reported a "Strikingly" reduced hazard of spread of F. annosus
on wet sites in Virginia.
The slash pine plantation at BaGa
was operationally thinned from an
original stocking of 36.72 mVha (160
ftVacre) of basal area to 18.36 mVha
(80 ftVacre), a density which would
leave approximately 494 stems/ha
(200/acre). According to Bennett
(1970) an old-field slash pine plantation of this age and density should contain approximately 124.07 m^ha (1,773 ftVacre) of pulpwood and after 5
years should increase (Site Index 70,
25-year basis) approximately 49 percent to 185.30 mVha (2,648 ftVacre).
Applying the losses found at BaGa
during the peak infection period (December) after 5 years, up to 5.2 percent of the volume or approximately
9.65 mVha (138 ft^/acre) would be
lost with an additional 11.6 percent of
the volume or 21.55 mVha (308 ftV
acre) infected by F. annosus. The volume loss at BaGa after 5 years compares with the 5 percent average
volume loss after all thinnings in British pine plantations reported by Rishbeth (1957). Projecting the losses at
BaGa to 10 years, if those trees infected after 5 years or an equivalent volume are dead, and assuming these
infected trees would not increase in
volume over the next 5 years, the minimum volume loss expected would be
31.21 mVha (446 ftVacre or approximately five standard cords/acre.
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Therefore, on a 10-year basis, with site
and stand conditions similar to those
at BaGa, expected losses to F annosus
may be up to one-half a standard cord/
acre/year during peak infection periods.
It should be emphasized that the
criterion used for determining infection by F. annosus was the presence of
a sporophore. Since many trees infected by this pathogen do not always
bear sporophores, use of this method
would tend to underestimate the percentage of stems infected. In plots
thinned during the fall and winter
months at BaGa, an additional 5 percent of the trees were estimated to be
infected by F. annosus, based on symptomatology rather than presence of
conks. Infected trees would be expected to have some increase in volume, therefore, the estimated volume
loss at 10 years would be conservative.
All calculations of monetary losses
in a stand as described here are based
on volume of pulpwood. If the stand
is to be maintained a number of years
for sawtimber, poles, or other wood
products, the monetary losses would be
substantially greater.
Losses caused by F. annosus may be
predicted by knowing either the number of stumps colonized after thinning
or the percentage of dead and infected
trees where stand conditions are
similar to those at BaGa (Fig. 19).
Losses may vary as site conditions vary
(Powers and Verrall 1962, Morris and
Frazier 1966). As stand density increases, losses may be expected to increase, and vice versa.
There is a tendency to estimate
losses based on the percentage of stems
killed or infected by F. annosus^ but
this study clearly shows that the
smaller, intermediate and suppressed
trees are killed first, consequently making the percentage of stems killed or
infected much higher than the percen-

tage of actual merchantable volume
loss (Figs. 15, 16).
The lateral growth of F. annosus in
roots of suppressed trees was found to
be much more rapid than in dominant
trees (Miller and Kelman 1966).
Gibbs (1967) found that roots of
heavily suppressed trees pose no active
resistance to spread of F. annosus.
Caution must also be exercised in
timing loss determinations. Few trees
in plots where stumps were naturally
infected were killed after 3 years (Fig.
17). The majority of the trees were
killed after 4 years. Therefore, meaningful determinations of loss can be
made no earlier than 4 years.
Recovery of F, annosus from inoculated stumps and noninoculated
^ stumps 2 months after plot installation
at BaGa indicated that inoculum availability was not the sole factor governing the colonization of stumps. Five
years later, losses in the residual stand
where stumps were artificially inoculated with F. annosus did not diflfer
greatly from losses where stumps were
not artificially inoculated. This suggests that the multiplicity of air and
stump temperatures, competing organisms, and inoculum availability
(table 4) governing the initial colonization of stumps by F. annosus are still
the most important factors governing
the eventual residual stand losses,
where conditions such as those at BaGa
permit spread of the fungus to residual trees. This fact is supported by
the extremely good
correlation
(0.890**) between stumps initially infected by F. annosus and losses in the
residual stand 5 years later.
Apparently, there were no soil factors at BaGa which greatly interfered
with growth of the pathogen through
or over the root surface of trees in the
residual stand. At AuNC, however,
there was extremely good stump infec-

tion and colonization but no mortality
in the residual stand. This situation
strongly suggests that edaphic factors
may also control residual stand losses.
It is not known what one or combination of edaphic factors are most important in controlling spread of the
disease, but it is clearly evident that reduced mortality is associated with high
water tables or high soil moisture. Unfortunately, residual stand volume
losses could not be determined for loblolly pine at the AuNC site. However,
Morris (1970) reported residual stand
losses from F. annosus in loblolly pine
plantations in Virginia ranging from
0.14 to 0.50 standard cord/acre/year.
For practical applications, these
studies suggest that pine plantations in
the southeastern United States or
similar climes south of approximately
34 °N latitude can be thinned from
April through August with low contingency of stump infection by F. annosus. Progression northward from this
latitude, however, increases the risk of
stump infection during this period. Although natural infection of stumps in
North Carolina was low in the late
spring and summer, relatively high
percentages of stumps were colonized
if inoculum were available. Therefore,
it is recommended that north of 34 °N
latitude, chemical or biologic protectants be applied at all times of the year
to stump surfaces left in thinning operations.
Considering losses in the residual
stand at BaGa after 5 years, where
thinnings were conducted each month
of the year, it is apparent that plantations may be thinned from March to
September with only minimal losses
from F. annosus. Stump protection by
chemical or biologic agents is not necessary during this period, but it is
strongly recommended that some form
of stump protection against F. annosus
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be used in thinning operations from
September through March. This would
allow some margin for protection
against early or late production of F.
annosus spores. Therefore, seasonal

timing of thinnings in pine plantations
in southeastern United States is a
practical and effective means of controlling and preventing losses from F.
annosus.
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