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ABSTRACT.—Most of the approximately 14 woody
plant-inhabiting Endothia species have not been
documented as bona fide pathogens. Many have
been simply reported as weak parasites or as ap-
parent saprobes occurring on moribund or dead
tissues without demonstration of proof of patho-
genicity. In at least two cases, stresses of the hosts
appear to be major predisposing factors to suscepti-
bility. Four species of the genus that appear to be
major pathogens are E. parasitica (primarily on
Castanea and Quercus spp. ), E. gyrosa (primarily on
Q. palustris and Liquidambar formosana), E. eu-
geniae (on Eugenia aromatica) and E. havanensis
(on Eucalyptus sp. ). In Virginia, E. parasitica
continues to kill Castanea dentata and to canker C.
mollissima and Q. virginiana; the disease on Q.
virginiana is widespread in Tidewater, Virginia,
resulting in the death of a few trees and causing
visible debility to heavily cankered individuals. Pin
oak blight, caused by E. gyrosa, continues to be a
major problem in the successful landscape culture of
its host in Virginia; stress factors (predisposition)
appear to play a significant role in host suscepti-
bility.

The fungal genus Endothia embraces about 14
species worldwide, most of which are pathogens or

saprophytes of woody plants. Of special importance
in Virginia and certain other areas in the eastern
United States are E. parasitica ( Murr.) P. J. & H.
W. And. and E. gyrosa ( Schw. ) Fr., the American
chestnut (Castanea dentata [ Marsh.] Borkh.) and
pin oak ( Quercus palustris Muenchh. ) blight path-
ogens, respectively. Both canker-inciting fungi pose
a potential threat to the successful culture of tree
hosts which they parasitize.

In addition to the near total destruction of the
American chestnut and infection of Chinese chest-
nut (C. mollissima Bl.), E. parasitica also incites
cankers on several species of oak. The most notable
of them is Southern live oak ( Quercus virginiana
Mill.), a uniquely beautiful and historic landscape
species which thrives from eastern Virginia along
the Atlantic and Gulf of Mexico coasts to Texas.
The pathogen kills not only individual branches but
also entire trees occasionally. Because of the deeply
furrowed bark of this species, numerous lesions
remain undetected to the untrained eye, especially
prior to bark sloughage in the canker region. Pre-
liminary aspects of disease biology, survey and
control are under investigation.

Since the first documentation of pin oak blight in
1970, this disease has been found to be more ex-
tensive and severe in eastern Virginia than was
originally known. Although E. gyrosa-incited



cankers have been detected on pin oak in the Pied-
mont and northeastern areas of Virginia, its ap-
parent blighting of this species in the Lynchburg
area is particularly severe. Endothia gyrosa attacks
several other oak species, such as Q. phellos L., and
other tree genera. Disease surveys are continuing,
and factors associated with disease development
and control are being studied at Virginia Poly-
technic Institute and State University with the
hope that satisfactory disease management systems
can be effected.

THE FUNGAL GENUS ENDOTHIA
AND ITS HOSTS

The genus Endothia was established by Fries
(1849). It was based in part on collections made at
Salem, North Carolina, in 1822, by Schweinitz who
placed the fungus in the genus Sphaeria under the
new epithet gyrosa. Sphaeria gyrosa then became
Endothia gyrosa, the type species of Endothia.
Muller and von Arx (1962) placed the genus in the
family Diaporthaceae, order Diaporthales, of the
class Ascomycetes. Partial treatments of the genus
are found in the works of Shear et al. (1917), Muller
and von Arx (1962), Kobayashi (1970), and Roane
and Stipes (1976).

Mention of the genus Endothia in botanical or
phytopathological circles in the United States
brings to mind generally only one species, E. para-
sitica, causal agent of the earlier catastrophic
American chestnut blight (Merkel, 1906; Anderson
and Anderson, 1913) and of cankering of Chinese
chestnut and related species (Graves, 1950; Head-
land et al. 1976); Figures 1A and 1B depict these
cankers. This fungus was introduced into North
America around 1900 (Shear et al., 1917). It, how-
ever, is only one of five species currently found in
North America. The four remaining indigenous ones
are E. fluens (Sow.) Shear & Stevens ( = E. radicalis
[ Schw.] [Ces. and de Not.], E. gyrosa, E. viridis-
troma Wehmeyer (Wehmeyer, 1936) and E. sin-
gularis ( H. & P. Syd.) Shear and Stevens (Shear et
al., 1917). Of these taxa, only E. parasitica and E.
gyrosa are considered aggressive parasites, either
killing or seriously maiming certain of their hosts.

An additional five species are found in certain
tropics and subtropics on woody dicots such as
Eucalyptus, Coccoloba and Eugenia. These are E.
coccolobii Vizioli (1923), E. eugeniae ( Nutman and
Roberts) Reid and Booth (1969), E. havanensis
Bruner (1916), E. longirostris Earle (1901) and E.
tropicalis Shear and Stevens (Shear et al., 1917). Of
this group, only E. eugeniae ( Nutman and Roberts,



1952) and E. havanensis ( Boerboom and Mass,
1970) are aggressive parasites, especially in situa-
tions where their hosts are predisposed by unfavor-
able growing conditions.

The remaining four species are allegedly sapro-
phytes. They are E. macrospora Kobayashi and Ito
(1956), E. japonica Kobayashi and Ito (1956), E.
tetraspora Kobayashi (1965) and E. nitschkei Otth
(1868). Endothia parryi (Farlow) Cooke (Cooke,
1885) has been removed from the genus Endothia
and is now designated Dothidella parryi (Farl.,
Theiss. & Syd.) (Theissen and Sydow, 1915). The
genetic status of Endothiella robiniae Chona and
Munjal (1950), Endothia sordida Fuckel (1866) and
Endothiella simoniani Negru and Mozes (1965) is
uncertain at this time. In addition, past and present
morphologic, chemotaxonomic, physiologic and
numerical taxonomic studies on Endothia might
provide additional insights into biological relation-
ships as well as resolve the problem on a practical
level (Emert et al., 1973; Stipes and Ratliff, 1973;
Roane et al., 1974; Roane and Stipes, 1974; Roane et
al., 1975; Stipes and Roane, 1976; Roane and Stipes,
1976).

Since the biology of chestnut blight has been well
covered at this conference, we have chosen to focus
our remarks primarily on the cankering of live oak
(Q. virginiana) by E. parasitica in Virginia (Gruen-

hagen, 1965; May and Davidson, 1960; Stipes and
Davis, 1972; Stipes and Phipps, 1971a).

Table 1 lists the various tree hosts on which E.
parasitica has been reported. Although this patho-
gen decimated the natural population of C. dentata,
several large specimens survive either by virtue of
resistance or by escape; the latter are known to
thrive as disjunct populations outside the Appala-
chians. E. parasitica causes rather severe cankering
of Chinese chestnut (Graves 1950, Headland et al.,
1976), live oak and less serious cankering of post
oak, Quercus stellata Wangh. (Clapper et al., 1946).
Ham (1967) reported that swollen butt of scarlet oak
( Q. coccinea Muenchh. ) was likely induced by E.
parasitica (Fig. 2). This type of syndrome on oak,
however, also has been attributed to fire damage.

LIVE OAK AND INFECTION BY ENDOTHIA PARASITICA

Live oaks as a group are constituted of different
species depending upon the section of the country to
which one refers (Hepting, 1971). Hence, the neces-
sity of Latin binomials in conjunction with col-
loquial names becomes obvious. As a group they are



evergreen, have very dense wood, grow to large
diameters and although are used now rather ex-
clusively in landscapes, were used in times past in
shipbuilding. The group is represented by (1) Quer-
cus agrifolia Nee, California live oak or coast live
oak of the Far West, (2) Q. chrysolepis Liebm.,
canyon live oak of the West and Mexico, and (3) Q.
virginiana, the subject of this section of the paper.

Quercus virginiana, variously known as live oak,
Eastern live oak, Virginia live oak, scrub live oak,
dwarf live oak and Rolfs oak, has a fairly restricted
range, extending in a narrow coastal strip from
Virginia to Georgia where the range widens to
embrace the southern third of Georgia and all of
Florida to Key Largo (Fig. 3). It again becomes a
coastal strip tree from western Florida to Texas,
where its range widens, extending about 483 km
(300 mi) inland ( Alexander, 1953; Fowells, 1965).
Little (1944) lists several cultivars, macrophylla,
virescens, typica, eximea, fusiformis and geminata.
Although live oak is sensitive to low temperatures
which thereby presumably restrict its range, a nice
specimen thrives in the Appalachians at Blacks-
burg, Virginia (altitude about 640 m = 2,100 ft).
Several large specimens thrive also at Richmond,
Virginia.

Quercus virginiana, a tree of history and beauty,
is relatively slow growing and attains tremendous
size with age, having a possible span of 46 m (150
ft), trunks up to 1.8 - 2.1 m (6 - 7 ft) and a height of
15.2 - 22.8 m (50 - 75 ft). It branches near the
ground into massive and wide-spreading limbs, and
forms a broad, dense, round-topped crown of dark,
glossy leaves (Lindgren et al., 1949; Fowells, 1965;
May, 1972). Many large and old, therefore historic
specimens adorn landscapes in the Tidewater area
of Virginia, especially at Hampton Institute and at
the United States Army Compound, Fort Monroe,
both at Hampton, Virginia (Fig. 4). This species
apparently has been relatively resistant to disease
and insect attack until the introduction of the
chestnut blight organism around 1900 after which
time several species of oak including live oak con-
tracted the disease.

As early as 1933 and 1934, Taubenhaus described
a decline of live oak near Austin, Texas, that killed
over 200 trees. The possibility of drought injury was
excluded and evidence for natural spread was
indicated even though the cause was not determined
(Taubenhaus, 1933 & 1934; Halliwell, 1964). Dunlap
and Harrison (1949) also studied the declining trees
for an 8-year period and found that environment had
little effect on the disease. The disorder was seen in
both landscape and forested sites, on acid and
alkaline soils, in sand and heavy clay soils and in
wet as well as dry soils. Clinical examinations
yielded no clues.

The syndrome as described by Halliwell (1966)
which required 3 - 8 years from initiation to death,
included (1) a marginal necrosis of leaves that
proceeded inward, (2) defoliation on individual
branches rather than the entire tree, ( 3) twig die-
back and suckering of the main branch, and (4)
discoloration in and acetic odor evolved by the
heartwood and vascular system. He consistently
isolated a Cephalosporium sp. from discolored
heartwood and vascular tissue of not only naturally
infected live oak but also water oak, Southern red
oak ( Q. falcata Michx.) and post oak. Using various
inoculation techniques and inocula, Halliwell repro-
duced the syndrome in live oak and after fulfilling
Koch's Postulates by reisolating the Cephalos-
porium suggested that the disease be designated as
"Cephalosporium decline of oak." In a sequel to this
work, Van Arsdel and Halliwell ( 1970) emphasized
that live oak decline involved a causal complex of



Cephalosporium sp. ( = Phialophora obscura),
Dothiorella quercina, Hypoxylon atropunctatum
and possibly mechanical root disturbance. In a still
later paper, Van Arsdel (1972) indicated that the
Cephalosporium sp. in question was "probably C.
diospyri Crandall although other spore stages in the
life cycle suggest that this name will be super-
seded."

In contrast to these reports in Texas, the live oak
decline situation in Virginia and other states along
the Atlantic seaboard and Gulf Coast east of Texas
involves a somewhat different syndrome and en-
tirely different associated fungus. Dieback, defolia-
tion and stag-heading (Fig. 5A) are seen in addi-
tion to loosening, cracking and exfoliation of bark
(Fig. 5B, C), revealing mycelial fans of the associ-
ated fungus (Fig. 5D). May and Davidson (1960)
identified E. parasitica fruiting bodies on bark and
E. parasitica buff-colored mycelial fans in and under
the bark of cankered areas on Q. virginiana from
Colonial Williamsburg. Although they had not
reproduced the disease in live oak, American chest-
nut trees inoculated with their isolate from live oak
developed typical E. parasitica induced chestnut
blight cankers. Inoculated greenhouse cork oak
(Quercus suber L.) seedlings also developed cankers
having vertical fissures (Fig. 1C). Gruenhagen
(1965) examined live oak specimens from declining
trees in the Fort Monroe and Newport News areas of
Virginia. Although he found no cankers, biopsies
from the Fort Monroe specimen yielded a fungus
similar to that reported by May and Davidson
(1960). Endothia parasitica cankers on live oak were
reported later in Virginia (Stipes and Phipps,
1971b; Stipes and Davis, 1972). Batson and Wicher
(1968) proved pathogenicity of E. parasitica on arti-
ficially inoculated landscape live oaks at George-
town, South Carolina. Peacher (1969) reported E.
parasitica cankers on live oak in Mississippi, and
Phelps (1974) reported it for the first time from
North Carolina and Florida. Unpublished reports
have indicated that E. parasitica canker of live oak
occurs in Alabama and possibly in other states or
areas where live oak grows (Anon. 1964).

In Virginia, it is difficult to find a non-cankered
live oak. Although older and larger trees are more
heavily cankered than younger ones, those with a
dbh of 15.2 cm (6 in) or so can be cankered. Stro-
mata are found commonly on moribund tissues of
blighted trees, although they are not produced
consistently on calloused folds of all canker lesions
( Stipes, unpublished data). The mode of transmis-
sion has not been determined, but it is presumed
that the same agents that were documented to
transmit E. parasitica from lesions on American
chestnut trees also may be involved in its trans-
mission in the case of live oak canker. Pruning tools
also would be suspect when used first on diseased
then healthy trees. Because of the relatively large
number of hosts and therefore abundance of in-
oculum of E. parasitica, precautions should be taken
to avoid unnecessary wounds that serve as infection

courts. Figure 5E depicts a healed wound on Q.
virginiana from which a canker had been excised.
Stipes (unpublished data) was able to isolate E.
parasitica from such calluses on live oak at Colonial
Williamsburg ( Stipes and Phipps, 1971b).

PIN OAK AND INFECTION BY
ENDOTHIA GYROSA

According to a recent poll taken by the National
Landscaper's Association (Benko & Wimberely,
1970), the pin oak ( Q. palustris) was ranked as first
choice among landscape trees on the basis of 1)
hardiness, 2) freedom from disease, 3) good form
and color, and 4) stability. It grows rapidly and is
easily reproduced from seed.

The obscure scale, Melanaspis obscura (Com-
stock), is undoubtedly the worst insect pest of pin
oak (Collingwood and Brush, 1964) in Virginia and
possibly elsewhere. The senior author has observed
heavy infestations of it on trees stressed by a
number of factors including drought, crowded
growing space, elevated temperatures and inad-
equate nutrition. The most common abiotic problem
that has been observed on the species, however, is
iron deficiency which is expressed as an interveinal
chlorosis and marginal and interveinal necrosis
( Pirone, 1972; Hepting, 1971).

In 1970, the senior author observed a new blight-
ing of pin oak consistently associated with E.
gyrosa (Stipes & Phipps, 1971a; Stipes et al., 1971).
Additional details on the syndrome have been
reported in a previous paper ( Stipes et a/., 1978). An
hypothesis on moisture stress as a key predisposing
factor for disease development was formulated; this
has been confirmed in part at least, and other re-
search contributions in the overall biology of the
disease have been and are being made by Stipes and
associates (Hunter, 1977; Appel-unpublished data).
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