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Bur oak blight, a new disease on Quercus macrocarpa
caused by Tubakia iowensis sp. nov.
Thomas C. Harrington1
Doug McNew
Hye Young Yun2

leaf tissue along the veins and death of entire leaf
starting in late July. Branches in the lower crown are
generally the most severely affected, and severity of
the disease tends to increase year-to-year in individual
trees. The most seriously affected trees typically show
branch dieback, perhaps associated with secondary
wood borers, and some trees die after many years of
severe BOB symptoms. The distinctive conidiomata of
a fungus tentatively identified as Tubakia dryina
(Sacc.) B. Sutton (syn. Actinopelte dryina [Sacc.]
Höhn.) are abundant along the necrotic veins.
However the cause of the disease has not been
established.
In addition to being associated with leaf spots on
many species of oak (Quercus spp.), chestnut (Castanea spp.) and other tree genera in Europe, Japan and
eastern North America (Glawe and Crane 1987,
Munkvold and Neely 1990, Tehon 1948, Yokoyama
and Tubaki 1971), species of Tubakia are known as
leaf and twig endophytes in oaks (Cohen 1999,
Gonthier et al. 2006, Hashizume et al. 2008, Sieber
2007), and they commonly sporulate on tissues killed
by other agents (Munkvold and Neely 1990). Results
of pathogenicity tests with species of Tubakia often
have been ambiguous (Holdenreider and Kowalski
1989, Yokoyama and Tubaki 1971), although Munkvold and Neely (1990), Zhang and Walker (1995),
Taylor and Clark (1996) and Kowalski (2006) were
successful in producing leaf spot symptoms on
inoculated oaks and sweetgum (Liquidambar styraciflua L.). T. dryina has been associated with leaf spots
on many species of oak in eastern North America
(Glawe and Crane 1987, Limber and Cash 1945,
Munkvold and Neely 1990), but until recently bur oak
was known as a host only through four herbarium
specimens from Wisconsin, Illinois and Virginia
(Glawe and Crane 1987).
In addition to T. dryina four Japanese species of
Tubakia are recognized (Sutton 1973, Yokoyama and
Tubaki 1971). However mycologists and pathologists
in Europe and eastern USA have taken a broad view
of T. dryina and all species that form the characteristic conidiomata of Tubakia have been considered
synonyms of T. dryina (Glawe and Crane 1987,
Limber and Cash 1945, Tehon 1948). The conidiomata of Tubakia spp., generally referred to as
pycnothyria, consist of a columella-like structure
covered by a convex shield (scutellum) of a radiating
series of pigmented, thick-walled cells (Munkvold and
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Abstract: A newly recognized, late-season leaf disease
of Quercus macrocarpa (bur oak) has become increasingly severe across Iowa and in neighboring states
since the 1990s. Vein necrosis and leaf death may
occur over the whole crown or only on the lower
branches. Symptoms typically intensify year-to-year in
individual trees, and there appears to be substantial
variation in susceptibility. Distinctive conidiomata
(pycnothyria with a shield of radiating, setae-like
hyphae) of a Tubakia sp. are found along the necrotic
leaf veins. The same species produces a second type of
pycnothyrium with a crustose covering and smaller
conidia on the petioles of killed leaves, which remain
on the tree through the winter and provide the
primary inoculum to infect newly emerging shoots
and leaves in spring. Comparison of the Tubakia sp.
on bur oak with T. dryina and other species of
Tubakia led to the conclusion that the species on bur
oak is new, distinct from T. dryina, which herein is
defined more narrowly. Inoculation studies confirmed that Tubakia iowensis sp. nov. is the cause of
bur oak blight. Bur oak blight appears to be
particularly severe on Q. macrocarpa var. oliviformis,
which is well adapted to the dry, upland sites where
the disease is found most frequently. The recent
climatic trend in Iowa to higher spring precipitation
might have led to increased severity of the disease.
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INTRODUCTION

A serious leaf disease of Quercus macrocarpa Michx.
(bur oak or mossy-overcup oak) has been observed in
Iowa, southern Minnesota and eastern Nebraska since
the mid-1990s (Anonymous 2002, Engelbrecht and
Flickinger 2007). Symptoms of the disease, herein
named bur oak blight (BOB), include necrosis of the
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Neely 1991, Taylor 2001). Production of new conidia
from the underside of the developing scutellum
pushes the older conidia out from under the
protection of the scutellum, presumably allowing
rain-splash dispersal. A teleomorph for T. dryina,
Dicarpella dryina Belisario & ME Barr (Diaporthales)
was described from seedlings of red oak (Quercus
rubra L.) in a nursery in Italy (Belisario 1991), but no
other teleomorph connection has been made for
species of Tubakia.
Investigations of the new bur oak disease began in
2008 when it became apparent that there are a number
of Tubakia species on bur oak and other oak species in
Iowa. A fungus that matched the description of T.
dryina was found on white oak (Q. alba L.) and rarely
on bur oak, but the Tubakia species associated with bur
oak blight appeared to be distinct. This paper gives a
description of BOB, completes Koch’s postulates to
show that an undescribed Tubakia species is the cause,
describes the pathogen as a new species and compares
and contrasts the new species with T. dryina.
MATERIALS AND METHODS

Disease observations, specimen and isolate collection.—Trees
with symptoms of BOB were observed in natural stands
across Iowa and into neighboring states, but most disease
observations were made 2008–2010 at two sites with groves
of mature (. 100 y old) bur oak in Ames, Iowa. Brookside
Park is bottomland near Squaw Creek, where only a few bur
oak trees were severely affected by BOB. The upland
Westwood site had a somewhat open, former-savanna grove
with many severely affected bur oak trees.
Symptomatic and asymptomatic twigs and leaves were
collected for microscopic examination and isolation attempts. Green, asymptomatic leaves from diseased and
healthy trees were placed in large Petri dishes with
moistened paper towels, and the plates were positioned
near a south-facing window for development of lesions and/
or conidiomata. Separate plant tissue was surfaced-sterilized
with 100% bleach for 3 min with stirring, followed by 30 s in
95% ethanol and rinsed in sterile water before plating on
malt extract agar (MEA, 1.5% malt extract and 2% agar).
Conidiomata of Tubakia spp. were dislodged easily from
leaf blades or veins by scraping with a dissecting needle.
Isolations were made by streaking several conidiomata with
conidia in a drop of water across the surface of agar (MYEA,
2.0% malt extract, 0.2% yeast extract and 2.0% agar)
amended with 100 mg/L streptomycin sulfate. Subcultures
of developing colonies were made after 1–3 d.
Dead leaves on and under trees with BOB were collected
in winter and spring and incubated under humid conditions in the laboratory for production of perithecia and
conidiomata. Isolations were attempted by crushing perithecia and streaking out ascospores on MYEA. Leaves from
the previous season still on branches of diseased bur oak
trees also were examined, and conidia from conidiomata on
petioles were streaked onto MYEA plates for isolation.

Symptomatic leaves of bur oak and other Quercus spp.
were examined from across Iowa and neighboring states.
Many of the samples were submitted by homeowners and
foresters with the Iowa Department of Natural Resources
(DNR) to the Iowa State University (ISU) Plant and Insect
Diagnostic Clinic. Plant diagnosticians from neighboring
states also submitted material for study. Specimens from the
US National Fungus Collection (BPI), the Illinois Natural
History Survey (ILLS) and the Ada Hayden Herbarium
(ISC) at ISU were examined. Cultures of Tubakia spp. were
obtained from the Centraalbureau voor Schimmelcultures
(CBS, Utrecht, the Netherlands). Culture numbers beginning with A are those of the senior author, and representative cultures were deposited in CBS (TABLE I). Type and
representative specimens were deposited in ISC and BPI.
Characterization of specimens and isolates.—Isolates were
grown on MYEA plates at room temperature (21–23 C) or at
set temperatures (16, 20, 25, 30 and 35 C). To compare
growth rates a plug of mycelium 4 mm diam from the
advancing margin of a 7 d old colony was placed on a MYEA
plate, and the radial growth (mm/d) was determined 2–7 d.
Three replicate plates were used for each isolate/temperature combination. For formal description cultures were
grown on MYEA at 25 C in a dark incubator.
Fungal material from plants and cultures was mounted in
20% lactic acid or in lactophenol with cotton blue for
microscopic examination. Digital photographs and measurements and were taken on an Olympus compound
microscope (BH-2, Nomarski DIC optics) fitted with a
digital camera (DFC295) and software from Leica (Bannockburn, Illinois).
DNA sequencing.—Sequencing of portions of rDNA were
attempted from DNA extracted from the mycelium from
the surface of MYEA plates with PrepManTM Ultra (Applied
Biosystems, Foster City, California). The LSU (large
subunit, 26S) rDNA region was amplified with primers
LROR and LR5, and the PCR products were sequenced with
primers LROR and LR3 (Harrington et al. 2010). The ITSrDNA amplifications used primers ITS1-F and ITS-4, and
the PCR products were sequenced with the same primers
(Harrington et al. 2002).
Comparisons to other rDNA sequences were conducted
with BLAST 2.2.24 queries (National Center for Biotechnology
Information, National Institute of Health, Bethesda, Maryland). Representative sequences were deposited in GenBank.
Inoculation experiments.—Three representative Tubakia
isolates from blighted bur oak trees at the Westwood site
were selected for use in four inoculation experiments
(TABLE I). Isolates of three other Tubakia spp. were
included in the third experiment (TABLE I). Isolates of
the BOB pathogen do not sporulate abundantly on MYEA,
so all isolates were cultured at room temperature on
autoclaved bur oak leaves on wet filter paper in a large
plastic Petri dish placed near a south-facing window 2 wk.
Conidia produced from sporodochia on the leaves were
mixed with approximately 1 mL 0.02% Tween 80 (Fisher
Scientific, Pittsburgh, Pennsylvania) and withdrawn with a
pipette tip. Conidia concentrations were determined with a

ILLS 32518
BPI 391913
BPI 391915
BPI 391914

ISC 448612
ISC 448613,
BPI 881220

ISC 448611

Leaf of Quercus macrocarpa

Substrate

Leaf spot on Q.
Leaf spot on Q.
Leaf spot on Q.
Leaf spot on Q.
Leaf spot on Q.
Leaf spot on Q.
Leaf spot on Q.
Q. macrocarpa
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A749, CBS 129014
A666, CBS 129013
A762, CBS 129015
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CBS 114386
CBS 129016

Q. robur
Dead twig of Q.
Leaf spot on Q.
Dead twig of Q.
Leaf spot on Q.
Leaf spot on Q.
Leaf of Q. alba
Leaf spot on Q.
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macrocarpa
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alba

robur
robur
alba
macrocarpa
alba

Petioles of Q. macrocarpa
Petiole of Q. macrocarpa
Leaf of Q. macrocarpa
Leaf of Q. macrocarpa
Leaf of Q. macrocarpa
Living twig of Q. macrocarpa
Leaf of Q. macrocarpa
Petiole of Q. macrocarpa
Leaf of Q. macrocarpa
Leaf of Q. macrocarpa
Leaf of Q. macrocarpa
Leaf spot on Q. macrocarpa
Leaf spots on Q. pedunculata
(5 Q. robur)
Q. pseudorubra (5 Q. petraea)

CBS 112097

A680,
A841
A681,
A876,
A768
A789
A890
A996,
A939

A578
A839
A818
A832
A668
A908
A874
A816
A621
A826
A995, CBS 129017

A1003, CBS 129019 Petioles of Q. macrocarpa
A573
Petiole of Q. macrocarpa

A607, CBS 129012

Culture number(s)
21 Aug 2008
16 Nov 2010
21 May 2008
1 May 2009
7 Jun 2008
9 Sep 2009
30 Sep 2009
9 Sep 2009
Jan 2009
28 Jul 2010
18 Mar 2010
24 Sep 2009
21 Aug 2008
1 Oct 2009
Oct 2010
Sep 1875
1878

Apr 1987
11 Nov 2003
23 Mar 2010
8 Jul 2009
16 Aug 2009
6 Jun 2010
2 Aug 2010
23 Aug 2010
27 Aug 2010
10 Jun 2009
2 Sep 2009
27 Aug 2009
5 Sep 1957
Sep 1959
26 Jul 1955
11 Sep 1945

Ames, Iowa
Ames, Iowa
Ames, Iowa
Ames, Iowa
Ames, Iowa
Ames, Iowa
Ames, Iowa
Ames, Iowa
Ames, Iowa
Davis County, Iowa
Decatur County, Iowa
Decorah, Iowa
Monona County, Iowa
Jasper County, Iowa
Monroe, Wisconsin
Treviso, Italy
Conegliano, Italy
Treviso, Italy
Happerg, Germany
Auckland, New Zealand
Ames, Iowa
Ames, Iowa
Ames, Iowa
Mahaska County, Iowa
Muscatine County, Iowa
Sigourney, Iowa
Brickyard Hill, Missouri
Ames, Iowa,
Kirbyville, Missouri
Bella Vista, Arkansas
Oregon, Illinois
Cross Plains, Wisconsin
Madison, Wisconsin
Emory, Virginia

Location

JF704191
JF704192
JF704193

JF704190

JF704188
JF704189

JF704187

JF704186

JF704184
JF704185

JF704183

LSU

JF704202
JF704203
JF704204

JF704201

JF704199
JF704200

JF704198

JF704197

JF704195
JF704196

JF704194

ITS

GenBank accession
numbers

SP. NOV.

Tubakia sp.

Tubakia sp. A
Tubakia sp. B

T. dryina

ISC 448606
ISC 448609
ISC 448614
ISC 448608
ISC 448610
MV 555,
BPI 391920
Thümen1584,
BPI 391924

ISC 448605
ISC 448607
ISC 448603

ISC 448599,
BPI 881219
ISC 448602
ISC 448604,
BPI 881221
ISC 448601

Specimen
number

Date
collected/
isolated

Specimens and cultures of Tubakia spp. along with collection information and rDNA sequence accession numbers

T. iowensis

Species

TABLE I.
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FIG. 1. Signs and symptoms of bur oak blight (BOB) on bur oak. A. Almost all leaves on two trees on the left have died, but
other bur oak show few or no symptoms (early Sep 2008). B. Tree in center recently dead and bur oak trees on either side have
lost most of their leaves due to defoliation (17 Sep 2010). C. Branch dieback on a tree suffering several years of BOB. D.
Purple-brown discoloration on midvein and major lateral veins on the underside of a leaf (14 Jun 2010). E and F. Necrosis of

HARRINGTON ET AL.: TUBAKIA IOWENSIS
haemacytometer and adjusted to 3.9–4.2 3 106 per mL in
the first experiment, to 3.8 3 106 per mL for isolates A573
and A578 and 1.4 3 106 per mL for isolate A668 in the
second experiment, from 3.5–4.8 3 106 for the third
experiment and 2.3–2.6 3 106 conidia/mL in the fourth
experiment. Autoclaved bur oak leaves were washed with
0.02% Tween 80 for control inoculum.
For test plants 2 y old, bare-root bur oak seedlings were
purchased from the Iowa DNR nursery in Ames in late 2008
and stored refrigerated until planting in 10 3 10 3 35 cm
plastic pots with a mixture of peat moss, coarse perlite and
premixed soil (Sunshine SB300 UNIVERSAL, Sun Gro
Horticulture, Vancouver, Canada) in a 2 : 4 : 1 ratio.
In the first three experiments seedlings were planted 16,
17 Jul 2009; inoculations followed respectively at 45 d, 66 d
and 116 d post-planting. Each of three seedlings had three
wounded leaves (three pseudoreplicates) that were inoculated with the same isolate. In the second and third
experiments each of the seedlings also had three unwounded leaves inoculated with the same isolate. For wound
inoculations the midvein of the abaxial side was wounded at
6–8 spots with a sterile needle (Precisionglide, 27G K, BD,
Franklin Lakes, New Jersey) at intervals of 1.5 cm, starting
at 1.5 cm above the petiole. Wounded or unwounded
midveins were brushed with the spore suspension of one of
the isolates or with control inoculum. Seedlings inoculated
with the same isolate were placed in a crate after
inoculation, sprayed with a fine mist and covered with a
white, polyethylene bag 48 h. The seedlings were uncovered
and incubated in a greenhouse at 25–28 C with supplemental lighting. Seedlings were inspected initially for symptoms
each 1–3 d, but some inspection intervals were as long as 7 d
toward the end of the experiments. All inoculated leaves
that died were collected, and all wound-inoculated or
control leaves remaining on the seedlings were collected
after 54 d of the first experiment, after 76 d in the second
experiment and after 63 d in the third experiment.
Unwounded leaves were inspected respectively up to 99 d
and 75 d in the second and third experiments. Isolations
were attempted from at least one killed leaf from each
seedling as well a leaf from each control seedling. Leaf
sections were surface-sterilized 1 min in 95% ethanol, rinsed
1 min in distilled water and plated on MYEA.
In the fourth inoculation experiment dormant bare-root
seedlings were planted Feb 2010 and inoculated 21 d later
on 3 Mar. The young, green twig tissue and/or petioles of
13 seedlings were inoculated (five with A573, five with A578,
and three control seedlings) by brushing on the conidial

SP. NOV.
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suspension. The seedlings were misted with water and
covered as described above for 48 h. Seedlings were
inspected at 1–7 d intervals for symptom development for
up to 56 d. On 23 Sep the seedlings were moved outside to
allow for normal senescence of leaves, which was complete
during the first week of Nov.
RESULTS

Field symptoms and distribution.—Conspicuous leaf
symptoms with many dead leaves hanging on lower
branches or throughout the crown were apparent
after mid-Jul 2008 and 2009 in Ames, but some BOB
symptoms were seen in early Jul 2010. By late Aug
2008 and 2009 most leaves on some trees were dead
and hanging on branches, but even in the most
seriously affected groves less than one-third of the
trees showed severe symptoms (FIG. 1A). In 2010, a
year with heavy mid- to late-summer rainfall (NOAA
2011), many infected leaves were shed in mid-July
through August, and many of these trees had sparse
foliage due to defoliation (FIG. 1B). Disease severity
tended to increase in individual trees year-to-year.
Branch dieback typical of that associated with the twolined chestnut borer, Agrilus bilineatus (Weber)
(Haack and Acciavatti 1992), was seen in many of
the most severely affected trees (FIG. 1C). At the
Westwood site a few trees with severe BOB symptoms
the previous fall failed to produce leaves and died in
spring 2009, 2010 and 2011. Most of those trees had
substantial branch dieback in previous years. Aside
from branch dieback, most surviving trees with BOB
produced normal, healthy-appearing leaves in the
spring of the next year.
Initial leaf symptoms consisted of small, purple to
brown spots on the veins on the underside side of
leaves in June (FIG. 1D). Small necrotic spots on the
blade tissue also were evident on some leaves. By midJuly lesions expanded along the veins and coalesced
and vein necrosis was evident on the upper and lower
surfaces of the leaves (FIG. 1E, F). When two necrotic
veins met the intervein tissues or the distal portion of
the leaf blade became chlorotic and died. Conidiomata of a Tubakia sp. were abundant on and along

r
midvein and major lateral veins (mid- and late-Jul 2009, respectively). G. Conidiomata along the midvein and a lateral vein on
top side of leaf. H. Green leaf with necrotic (brown) petiole and black, crustose, immature conidomata (6 Jul 2010). I.
Recently killed leaves still hanging on branches and newly-flushed green leaves (27 Aug 2007, photo by A. Flickinger). J. Dead,
overwintering leaves (25 Feb 2009). K. Black, subepidermal conidiomata on the petiole of an overwintering leaf. Arrow
indicates site where leaf abscission should have taken place. L. Wound-inoculated leaf showing necrosis surrounded by
chlorosis along an inoculated vein (black arrows) 30 d after inoculation. M. Black spots and pustules on petiole and midvein
on the underside of a bur oak leaf inoculated 104 d earlier by placing a conidial suspension on the undifferentiated petiole. N.
Cultures of Tubakia iowensis (left) and T. dryina (right) on malt yeast extract agar.
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the necrotic veins on the upper leaf surface (FIG. 1G)
and on the veins on the lower leaf surface. As the
necrosis progressed down the midvein to the petiole,
the leaf often died and fell off the tree. Such
defoliation was particularly noticeable in late 2010
(FIG. 1B).
Some leaves developed black pustules at the base of
the petioles in mid- to late August (FIG. 1H). These
petioles were green or had necrosis near the point of
attachment to the twig. Leaves with black pustules
eventually died but typically remained attached to the
twigs (FIG. 1I, J). Nearly all leaves died on some trees
(FIG. 1A), and many of these trees flushed new leaves
in August (FIG. 1I). After normal leaf fall, when healthy
bur oak trees had lost all of their leaves, many of the
killed leaves on BOB trees remained on the twigs and
persisted into spring (FIG. 1J). These leaves were firmly
attached, although an abscission layer was visible, and
black pustules developed under the epidermis on the
lower petiole and on the twig immediately below the
abscission layer (FIG. 1K). Next spring, especially
during rainy periods, the black pustules swelled and
conidia developed underneath the pustules.
Most of the trees with severe BOB symptoms were
. 100 y old and 50 cm diam (1.4 m tall) in remnants
of savanna forests in small groves or in relatively open
stands. The disease appeared to be much more severe
on upland than on bottomland sites. Mature bur oak
trees in dense, mixed-hardwood stands showed few or
no symptoms of BOB. The disease was particularly
severe in eastern Nebraska and western and central
Iowa. We were unable to find the disease in the far
southeastern corner of Iowa. A few isolated bur oak
trees with BOB symptoms were observed across the
border in western Illinois and northern Missouri. Bur
oak leaves with BOB symptoms were sent to us from
northeastern Kansas, southern Minnesota and southwestern Wisconsin in 2010.
Isolations.—Conidia from conidiomata on or alongside veins of diseased bur oak leaves and on
overwintering petioles yielded a fungus with moderate growth rate, white to light gray mycelia, scalloped
margins and concentric rings of dense aerial mycelium (FIG. 1N). Similar isolates were obtained from
asymptomatic leaves, petioles and fresh shoots collected in May and June from trees that had BOB
symptoms the previous summer. The fungus also was
isolated from a green acorn taken from a tree with
BOB. Occasionally similar isolates were obtained from
surface-sterilized, 1 or 2 y old, asymptomatic twigs,
although another species (Tubakia sp. A) was more
commonly isolated from living twigs of bur oak.
Isolations were attempted from other Quercus spp.
with leaf spots and necrotic leaf veins, but with only

one exception (from an asymptomatic petiole of Q.
rubra) the new Tubakia sp. only was isolated from bur
oak. Specimens and cultures of the new Tubakia sp.
were identified from 57 of Iowa’s 99 counties and
from five of six neighboring states and Kansas. Bur
oak trees in South Dakota were not examined.
The LSU-rDNA sequence of the new Tubakia sp.
was closest to that of an isolate from a dead leaf of Q.
rugosa Née in Arizona (HM122939, 538 of 539 bp
matching), Apiognomonia supraseptata S. Kaneko &
Ts. Kobay. (AF277127, 537 bp matching) and a
fungus from a sweetgum seedling in North Carolina
(GU552498, 533 bp matching). The ITS-rDNA
sequence of the new species was closest to those of a
Dicarpella sp. from Q. rubra in New York (HM855225
and HM855226, 504 of 524 bp matching), unidentified fungal endophytes (AY546028 and GQ996086,
502 and 500 bp matching respectively) and isolates
deposited in CBS as D. dryina (AY853241, AY853240
and FJ598616, with 501, 500 and 494 bp matching
respectively). There was only minor variation in the
ITS-rDNA sequences (one site in the middle of ITS 1
and another near the end of ITS 2) among 95 isolates
and specimens of the new Tubakia sp.
Other Tubakia spp., including one matching the
description of T. dryina, were isolated from leaves of
bur oak and other Quercus spp. with vein necrosis or
discreet spots or from asymptomatic twigs (endophytes). Although difficult to separate based on
pycnothyria and conidia on leaves, the other Tubakia
spp., especially T. dryina (FIG. 1N), were readily
distinguished from the BOB Tubakia by rDNA
sequences (TABLE I), growth rates, pigmentation
and capacity to sporulate on MYEA. Tubakia sp. A
was isolated commonly from healthy twigs, leaves and
acorns of bur oak and had an ITS-rDNA sequence
similar to that of T. dryina. Tubakia sp. B was isolated
from bur oak and other members of the white oak
group (Quercus L. sect. Quercus) and had ITS-rDNA
sequences that differed from the BOB pathogen at
one base position. Another species tentatively identified as Actinopelte americana Höhn. (Hoehnel 1925)
was isolated occasionally from leaf spots and vein
necrosis of bur oak, but it was isolated much more
frequently from Q. rubra and other species from the
red oak group (Quercus sect. Lobatae Loudon).
Perithecia commonly formed along the veins of
incubated leaves collected in winter and early spring
from under bur oak trees that showed BOB symptoms
the previous summer, but isolations from ascospores
yielded only an Apiognomonia sp. or other related
fungi, which may be endophytes and/or cause oak
anthracnose (Sinclair and Lyon 2005). No sexual state
of a Tubakia sp. was encountered. Conidiomata of
Tubakia spp. were not seen on leaves collected during

Unwounded

Wounded

A573
A578
A668
Control
A573
A578
A668
Control
A573
A578
A668
Control
A573
A578
A668
A768 (T. dryina)
A749 (Tubakia sp.
A666 (Tubakia sp.
A762 (Tubakia sp.
Control
A573
A578
A668
A768 (T. dryina)
A749 (Tubakia sp.
A666 (Tubakia sp.
A762 (Tubakia sp.
Control

Isolate

A)
B)
B)

A)
B)
B)

8/9
9/9
9/9
0/9
9/9
9/9
9/9
0/9
9/9
9/9
9/9
0/9
9/9
9/9
9/9
9/9
9/9
9/9
9/9
0/9
9/9
9/9
9/9
9/9
9/9
9/9
9/9
0/9

8/9
9/9
8/9
0/9
8/9
9/9
9/9
0/9
8/9
8/9
2/9
0/9
9/9
9/9
9/9
9/9
9/9
9/9
9/9
0/9
9/9
5/9
9/9
8/9
6/9
9/9
7/9
0/9

b

2
5
5
none
7
7
7
none
17
9
9
none
2
2
2
2
2
2
2
0
2
5
2
5
5
2
2
0

9
9
9
none
12
12
12
none
17
22
22
none
2
2
5
2
2
2
2
0
2
20
12
5
32
2
14
0

Midvein discoloration, Midvein necrosis,
undersurfaceb
uppersurfacea

Days until first leaf symptom or death

Symptomatic leaves had vein necrosis visible on the upper side of leaf.
Purplish discoloration on the underside of leaf at the point of inoculation.
c
Mean and standard error based on the day of the death of the first leaf on each of three seedlings.

a

3

Wounded

2

Unwounded

Wounded

Treatment

1

Experiment

Leaves symptomatic / Leaves killed/
inoculated
inoculated

a

15
23
27
none
17
17
9
none
27
70
63
none
12
12
14
8
12
8
12
0
20
53
22
37
40
14
22
0

Leaf
death

26.7 6 7.8
29.0 6 1.1
37.5 6 2.5
none
30.1 6 9.8
38.6 6 9.5
33.1 6 8.1
None
66.5 6 15.6
80.3 6 12.8
66.5
none
29.1 6 2.5
33.4 6 15.2
24.0 6 7.7
15.6 6 7.1
21.4 6 4.6
18.8 6 9.6
18.0 6 2.7
none
46.7 6 21.0
60.9 6 2.2
46.6 6 15.1
62.2 6 0.7
59.2 6 14.4
45.4 6 18.2
42.0 6 12.3
none

Mean (6 SD)
days to leaf
deathc

TABLE II. Symptom development and death of bur oak leaves inoculated with isolates of Tubakia iowensis and other Tubakia spp. with and without wounding
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the winter or early spring from the ground under
trees that had BOB symptoms.
Inoculation experiments.— In the first inoculation
experiment all but one leaf inoculated with A573
and the control leaves developed vein necrosis
(TABLE II). Chlorotic spots on the midvein under
the leaf were seen at the point of inoculation within
2 d and turned purplish at 2–5 d. Reddish brown
necrosis surrounded by chlorosis was visible on the
upper leaf surface by day 9 (FIG. 1L). As the necrosis
expanded down the leaf to the petiole the leaf usually
died and fell off the seedling (TABLE II). The BOB
Tubakia sp. was isolated from all inoculated leaves.
None of the control leaves developed symptoms or
died, and the Tubakia sp. was not isolated from them.
In the second inoculation experiment progress of
symptoms on wound-inoculated leaves was similar to
that of the first experiment (TABLE II). Purple lesions,
vein necrosis on the top side of the leaves and leaf
death developed more slowly on the unwounded
leaves than on the wounded leaves (TABLE II). All
unwounded leaves inoculated with A573 showed
symptoms and eight leaves died (at an average of
66 d post inoculation). For A578 the eight leaves that
died did so after an average of 80 d. All leaves
inoculated with A668 showed symptoms, but only two
leaves on one of the three inoculated seedlings died.
None of the control inoculations showed symptoms.
The inoculated fungus was recovered from inoculated
leaves but not from control leaves.
The third experiment used older leaves, and the
seedlings inoculated with the BOB isolates developed
symptoms more quickly, with death of unwounded
leaves occurring 20 d sooner than in the second
experiment (TABLE II). Isolates of three other Tubakia spp. caused the same symptoms as the BOB
isolates. The inoculated Tubakia spp. were recovered
in all isolation attempts.
In the fourth experiment inoculation of developing
green shoots and petioles with A573 and A578 did not
result in vein necrosis characteristic of BOB. However
the 18 green shoots on five seedlings that were
inoculated with A573 showed necrosis at 5–30 d, 10 of
those shoots developed small black pustules at 13–
40 d, 13 petioles developed black pustules at 5–40 d
and eight leaves developed black pustules on the
midveins at 6–40 d (FIG. 1M). Of the three petioles
inoculated with A573, one leaf had black spots on the
midvein by day 13, one leaf developed black spots on
the petiole at 13 d and on the midvein at 30 d, and
one of the developing leaves died at 20 d. Of the 12
green shoots on five seedlings inoculated with A578,
10 developed black spots on the shoots at 5–10 d, five
of these developed small black pustules at 13–30 d, six

developed black spots on the petiole at 5–13 d and
two developed black spots on the midvein on the
underside of the leaves at 16 d. Of the five petioles
inoculated with A578, all developed black spots at 3–
13 d, two of these developed black pustules on the
petiole and four developed black spots on the
midvein at 13–16 d.
The seedlings from the fourth experiment were
placed outside in September and shed their leaves by
the first week of November. However three dead leaves
(from young shoots inoculated with A573) on one of
the seedlings remained attached and small black
pustules developed on the petioles of these leaves.
The blade of one of the three leaves was collected,
surface-sterilized and plated onto MYEA with streptomycin, but no Tubakia sp. was isolated. However the
petiole of this leaf was wetted and incubated under
moist conditions and microscopic examination
showed conidia production under the black pustule.
Isolations from those conidia and from the surfacesterilized petiole yielded the new Tubakia sp.
TAXONOMY

Tubakia iowensis T.C. Harr. & D. McNew sp. nov.
FIG. 2
MycoBank MB561043
Pycnothyrii en lamina epiphylli et hypophylli, brunnei
cum scutelli asterinei, 40–110(135) mm diam, conidii hyalini
ad brunnei, eseptati, obovati ad subglobosi, 9–14.5 3 7.5–
10.5 mm. Pycnothyrii en petiolum nigelli, 150–500 mm diam,
cum scutelli crustacei, conidii hyalini ad brunnei, eseptati,
obovati ad ellipsoidei, 9.5–14 3 6.5–8.5 mm.

Conidiomata (pycnothyria) with radiate scutella
epiphyllous or hypophyllous on Quercus macrocarpa,
forming primarily on or along the midvein and major
lateral veins (FIG. 2A). Scutella convex, of brown, thickwalled cells radiating from a central point, rounded to
pointed at the tips (FIG. 2B), 40–110(–135) mm diam.
Conidiophores short, forming under the developing
scutellum (FIG. 2C, D). Conidia thick-walled, smooth
to finely verrucose (FIG. 2D), initially hyaline, later
brown, obovoid to subglobose, 9.0–14.5 3 7.5–10.5 mm.
Microconidia sometimes produced from the same
pycnothyrium as macroconidia or from smaller pycnothyria, hyaline, fusiform, curved, 4–8.5 3 1–2 mm
(FIG. 2E). Sporodochia a cluster of conidiophores,
hypophyllous, forming on the midvein or major lateral
veins (FIG. 2F), irregular, sometimes with small, poorly
developed scutella. Conidia of sporodochia light
brown to dark brown en masse, same size and shape
as conidia from pycnothyria with radiate scutella.
Crustose conidiomata (pycnothyria) on overwintering leaves at base of petioles, or just below on twigs,
subepidermal, black, irregular, 150–500 mm diam,
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FIG. 2. Conidiomata and conidia of Tubakia iowensis on bur oak leaves. A. Black pycnothyria with radiate scutella on and
alongside the midvein on the upper leaf surface. B. Top view of radiate scutellum. C and D. Bottom view of radiate scutellum
showing conidia produced from short conidiophores radiating from the center (conidiophores lower left in D). E.
Microconidia from pycnothyrium (9 Sep 2009). F. Dark conidial masses from sporodochia on a midvein on the undersurface
of a leaf. G. Crustose pycnothyria developing on a petiole (30 Dec 2010). H. Erumpent, mature pycnothyria on petiole (1 May
2009). I. Longitudinal section of a developing, crustose pycnothyrium (from 2G) with conidiophores on the underside of the
scutellum (upper left) and on subepidermis (bottom right). J. Longitudinal section of a mature, crustose pycnothyrium (from
2H) with black scutellum (s) bursting through the epidermis (e) due to development of conidia (c). K. Conidia from a
crustose pycnothyrium (from H). L. Subepidermal scars from dehiscence of crustose pycnothyria on petiole (21 Jun 2009).
FIGS. 2A to D and F from holotype (12 Aug 2008); 2E from ISC 448603; 2H, J and K from ISC 448601, which, along with 2G, I,
and L, are from petioles on the same tree as the holotype.

88

MYCOLOGIA

FIG. 3. Conidiomata and conidia of Tubakia dryina sensu stricto. A and B. Pycnothyria with radiate scutella. C and D.
Conidia from pycnothyria with radiate scutella. E. Conidia from culture on malt yeast extract agar. F. Conidia from crustose
pycnothyrium. G. Twig of Quercus alba with erumpent, crustose pycnothyrium (right arrow) and another pycnothyrium
pushing through the twig epidermis (left arrow). Conidia in E and F stained with cotton blue in lactophenol. FIGS. A and C are
from isotype specimen BPI 391924 collected in Treviso, Italy. Other figures are from Ames, Iowa: B and D from ISC 448612, E
from isolate A789, and F and G from ISC 448611.

sometimes confluent (FIG. 2G, H). Conidiophores
short, forming in the winter or spring on the
underside of the developing scutellum and on the
plant surface under the scutellum (FIG. 2I, J). Conidia
thick-walled, finely verrucose to smooth, initially
hyaline, later brown, obovoid to ellipsoidal, 9.5–14
3 6.5–8.5 mm (FIG. 2K). Scutella of thick-walled cells,
textura angularis, dehiscing marginally or by irregular
fissures. Subepidermal scars from dehisced pycnothyria evident on petioles (FIG. 2L)
Colonies with optimal growth at 25 C on malt yeast
extract agar, attaining 50–56 mm diam after 7 d, no
growth or trace at 35 C., with a scalloped margin
(FIG. 1N), white at first, felt-like and light gray at 10 d,
with concentric rings of dense aerial mycelium,
underside yellow at 7 d, lighter toward the edge of
the colony, golden to yellow at 10 d, with dark gray,
dense, tissue in concentric rings. Conidia in culture
rare, thick-walled, smooth to finely verrucose, initially
hyaline, later brown, variable size and shape, obovoid
to ellipsoidal, 8.5–15.5(18.5) 3 5–8(8.5) mm.
Specimens examined. USA. IOWA: Ames, Brookside Park,
leaves of Q. macrocarpa, 21 Aug 2008, T. Harrington, ISC
448599 (HOLOTYPE), BPI 881219 (ISOTYPE); petioles of
Q. macrocarpa, 1 May 2009, D. McNew, ISC 448601; 16 Nov

2010, D. McNew, ISC 448602; leaves of Q. macrocarpa, 9 Sep
2009, D. McNew, ISC 448605; 30 Sep 2009, D. McNew, ISC
448607; 9 Sep 2009, D. McNew, ISC 448603; petioles of Q.
macrocarpa, 21 May 2008, S. Kim, ISC 448604; Decatur
County, petioles of Q. macrocarpa, 18 Mar 2010, D. McNew,
ISC 448606; Decorah, leaves of Q. macrocarpa, 24 Sep 2009,
D. McNew, ISC 448609; Monona County, leaves of Q.
macrocarpa, 21 Aug 2008, A. Flickinger, ISC 448614; Jasper
County, leaves of Q. macrocarpa, 1 Oct 2009, L. Mottl, ISC
448608. WISCONSIN: Monroe, leaves of Q. macrocarpa,
Oct 2010, K. Scanlon, ISC448610.
Cultures examined. USA. IOWA: Ames, Brookside Park,
leaf of Q. macrocarpa, 21 Aug 2008, T. Harrington, CBS
129012 (A607) (ex HOLOTYPE); Ames, from ISC 448602,
CBS 129019 (A1003). WISCONSIN: Monroe, from ISC
448610, CBS 129017 (A995).

Tubakia dryina (Sacc.) B. Sutton, Trans. Brit. Mycol.
Soc. 60:165. 1973
FIG. 3
; Leptothyrium dryinum Sacc., Michelia 1:202. 1878.
; Actinopelte dryina (Sacc.) Höhn., Mitteilunguen aus
dem botanischen Institut der Technischen Hochschule
in Wien. 2:69. 1925.

Conidiomata (pycnothyria) on leaves of Quercus
spp. Scutella convex, of brown, thick-walled cells
radiating from a central point, rounded to pointed at
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the tips (FIG. 3A, B), 60–110(125) mm diam. Conidiophores short, forming under the developing scutellum. Conidia thick-walled, smooth to finely verrucose,
initially hyaline, later brown, obovoid to ellipsoidal,
10–15 3 7.0–10.5 mm (FIG. 3C, D). Microconidia
sometimes produced from the same pycnothyrium as
macroconidia or from smaller pycnothyria, hyaline,
fusiform, 4–9 3 1.5–2.5 mm. Crustose conidiomata
(pycnothyria) on twigs erumpent (FIG. 3G), black,
irregular, 0.2–1 mm diam. Crustose scutella black,
dehiscing by irregular fissures. Conidiophores short,
on the underside of the developing scutellum and on
the plant surface under the scutellum. Conidia from
crustose pycnothyria thick-walled, smooth to finely
verrucose, initially hyaline, later brown, obovoid to
ellipsoidal, 10–16 3 6–7.5 mm (FIG. 3F). Colonies with
optimal growth at 25 C on malt yeast extract agar,
attaining 60–66 mm diam after 7 d. Mycelium with a
scalloped margin (FIG. 1N), creamy white at first, with
concentric rings of aerial mycelium, underside dark
gray in the middle, medium brown to yellow toward
the edge at 10 d. Sporodochia abundant at 10 d, in
concentric rings, conidial masses dark gray to black.
Conidia from sporodochia in culture thick-walled,
finely verrucose, initially hyaline, later brown, obovoid
to ellipsoidal, 10–16 3 5.5–8.5 mm (FIG. 3E).
Specimens examined. ITALY. VENETO: Treviso, Bosco
Montello, leaf spots on Quercus pedunculata (5 Q. robur),
Sep 1875, in Saccardo, Mycotheca Veneta No. 555, BPI
391920 (ISOTYPE); Conegliano, leaf spots on Q. pseudorubra (5 Q. petraea), 1878, Spegazzini, in Thümen, Mycotheca
Universalis Cent. 16, 1584, BPI 391924. USA. IOWA: Ames,
Pammel Woods, twig of Q. alba, 23 Mar 2010, D. McNew,
ISC 448611; Muscatine County, leaf spots on Q. macrocarpa,
2 Aug 2010, D. McNew, ISC 448612; Sigourney, leaf spots on
Q. alba, 23 Aug 2010, D. McNew, ISC 448613.
Cultures examined. ITALY. VENETO: Treviso, Fagaré
Forest, Q. robur, S. Mutto-Accordi, CBS 112097. NEW
ZEALAND: Auckland, Mount Albert, leaf spot on Q. robur,
11 Nov 2003, R. Afford, CBS 114386. USA. IOWA: from
ISC448611, CBS 129016 (A876); from ISC 448612, CBS
129018 (A996); Ames, from leaf spot on Q. alba, 16 Aug
2009, D. McNew A789.

Tubakia specimens from eastern North America
have been considered T. dryina because of the
similarity of the size of pycnothyria and conidia
(Glawe and Crane 1987, Limber and Cash 1945,
Tehon 1948), but examinations of cultures and DNA
sequences from Quercus spp. in Iowa and elsewhere
indicate that T. dryina is a complex of species. Some
Iowa isolates from Q. macrocarpa, Q. alba and Q. robur
fit the description of T. dryina from Europe, and
these isolates have identical ITS-rDNA and LSU-rDNA
sequences (TABLE I). No sequence is available from
Saccardo’s isotype material (BPI 391920) on Q. robur
(FIG. 3A, C) or from the specimen (BPI 391924)
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considered to be authentic by Hoehnel (1925), but
both specimens morphologically match the emended
description for T. dryina given above. Both Italian
specimens were collected near Treviso, as was a later
isolate from Q. robur (CBS 112097), which has the T.
dryina ITS-rDNA sequence, as does an isolate (A841)
from a crustose pycnothyrium on a twig of Q. robur in
Germany (Holdenreider and Kowalski 1989) and an
isolate (CBS 114386) from Q. robur in New Zealand
(TABLE I). Descriptions of pycnothyria (30–50 and
70–135 mm diam respectively) and conidia (12–15 3
5–8 and 9.5–15.5 3 5–8.5 mm respectively) of T.
dryina specimens from Japan (Yokoyama and Tobaki
1971, Kobayashi et al. 1979 respectively) do not match
the narrow concept of T. dryina.
The radiate scutella and associated conidia of T.
iowensis are difficult to distinguish from those of T.
dryina. However the crustose pycnothyria of T. dryina
are larger and their conidia narrower than the
crustose pycnothyria and conidia of T. iowensis.
Conidia of both species produced from crustose
pycnothyria are narrower than conidia from pycnothyria with radiate scutella, and conidia produced
in culture are more variable in size and shape.
Cultures of the two species differ markedly: T. dryina
is much darker than T. iowensis and produces
abundant sporodochia and conidia. Furthermore
isolates of T. dryina (A768, A890, A942) grew faster
at 25 C (4.5–4.8 mm/d) and at 30 C (3.9–4.6 mm/d)
on MYEA than did isolates of T. iowensis (A578, A607,
A874, A908), which grew 3.7–4.3 and 3.2–3.8 mm/d
at those respective temperatures. The ITS-rDNA
sequences of T. iowensis and T. dryina also differ
(only 502 of 523 bp matching).
Based on our isolations T. iowensis occurs almost
exclusively on Q. macrocarpa. In contrast T. dryina
occurs on many species of the white oak group. Other
species of Tubakia, some undescribed (e.g. Tubakia
sp. A and B) and one similar to A. americana
(Hoehnel 1925), were found on bur oak and other
Quercus spp. in Iowa and surrounding states. The four
herbarium specimens from bur oak collected in the
1950s from Wisconsin and Illinois and a 1945
collection from Virginia (TABLE I) had discrete leaf
spots that were atypical for BOB. The size and shape
of the scutella and conidia on the specimens from
Wisconsin and Illinois do not differ from those of
Tubakia sp. B, but without cultures or rDNA
sequences we are not able to definitively identify
these collections. The Virginia specimen also differs
from T. iowensis; it might be A. americana.
The only teleomorph described for a Tubakia
species, Dicarpella dryina (Belasario 1991), was found
in a nursery in Italy on seedlings of red oak (Quercus
rubra), a North American oak in sect. Lobatae, a
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section that does not naturally occur in Europe or
Asia. A culture from ascospores of D. dryina (CBS
639.93) appears to be A. americana or among a group
of closely related Tubakia spp. in North America that
are found on sect. Lobatae. Thus it appears that D.
dryina is not the teleomorph of T. dryina or T.
iowensis. Microconidia of T. iowensis and T. dryina
obtained from pycnothyria with radiate scutella did
not germinate on MYEA, and it is assumed that they
serve as spermatia, suggesting that these two species
have a teleomorph.
DISCUSSION

The well known endophyte and leaf spot pathogen on
oaks, T. dryina, initially was thought to be the cause of
the newly recognized leaf blight on bur oak, but we
have found at least five species of Tubakia producing
pycnothyria with radiate scutella in leaf spots or along
necrotic veins of Q. macrocarpa in Iowa. Seedling
inoculations demonstrated that each of these Tubakia
species is capable of inducing vein necrosis in bur
oak, but only T. iowensis is associated with severe leaf
blight on bur oak, and its conidiomata are found on
almost every blighted leaf; also only T. iowensis
produces crustose pycnothyria on the petioles of
overwintering leaves.
Crustose pycnothyria on the petioles provide
primary inoculum the next spring. Much of this
conidial production appears to be in late April and
May, coinciding with bud-break and new shoot growth
of bur oak. Infection of newly emerged shoots
apparently results in an endophytic or latent phase,
with petiole necrosis and death of leaves occurring
months later. Latent periods of several weeks also
were seen when expanding shoots and young leaves
were inoculated without wounding in the greenhouse
studies. A latent phase in the BOB disease cycle is not
surprising considering that Tubakia spp. are common
endophytes in Quercus spp. (Cohen 1999, Gonthier et
al. 2006, Hashizume et al. 2008, Sieber 2007).
Conidia from crustose pycnothryia also may infect
veins on the underside of fully expanded leaves in late
May and June. Purple-brown discoloration on the
underside of the main and lateral leaf veins is
common in June on trees with overwintering leaves
with crustose pycnothyria. The upper side of these
veins eventually become necrotic and produce pycnothyria with radiate scutella along the veins on the
top surface of the leaves. Naked sporodochia are
common on the veins on the undersurface of the
leaves. Such secondary inoculum may lead to substantial disease buildup late in the season, especially
during wet summers, but many leaves infected late in
the season quickly develop vein necrosis and often fall

off the branches. In greenhouse inoculations of leaf
midveins almost all inoculated leaves developed vein
necrosis and fell off the seedling after the necrosis
had extended down to the petiole.
The LSU and ITS-rDNA sequences of T. iowensis
are somewhat variable, more variable than is typical
for an introduced, non-native ascomycete. The ITSrDNA base substitutions found within T. iowensis are
found in isolates throughout the known geographic
range of the fungus, suggesting an established
population structure. However before the recent
appearance of BOB Q. macrocarpa had been noted
as a host of Tubakia spp. only from four herbarium
specimens collected in 1945 and the 1950s (Glawe
and Crane 1989). The Wisconsin and Illinois specimens show leaf spots instead of vein necrosis typical of
BOB, and the leaf spots appear to be caused by a close
relative of T. iowensis, Tubakia sp. B, a species
commonly found on Q. macrocarpa, Q. stellata
Wangenh. and Q. muehlenbergii Engelm.
Thus far BOB (vein necrosis and retention of killed
leaves bearing petiole crustose pycnothryia) has been
found only in Iowa and nearby states, especially
eastern Nebraska and southern Minnesota. Bur oak is
a widespread species covering much of eastern North
America (Deitschmann 1965), but the extent of BOB
may be coincidental with the geographic range of a
northern variety of bur oak, Q. macrocarpa var.
oliviformis (F. Michx.) A. Gray, which has relatively
small, olive-shaped acorns but is otherwise indistinguishable from Q. macrocarpa var. macrocarpa (Great
Plains Flora Association 1986). Nixon et al. (1993) did
not recognize Q. macrocarpa var. oliviformis but
instead considered these savanna forests of the upper
Midwest to be dominated by Q. macrocarpa 3 Q. alba
hybrids (5 Q. 3 bebbiana C.K. Schneid.). Such
hybrids may be common where the species overlap
(Hardin 1975), but sites with BOB typically do not
have Q. alba and the northern variety Q. macrocarpa
var. oliviformis appears to be a distinct taxon. It likely
hybridizes with var. macrocarpa where the two varieties
overlap, but var. oliviformis tends to predominate on
upland sites and var. macrocarpa on bottomland sites
(Deitschmann 1965). Bur oak in eastern Nebraska
with smaller acorns are believed to be better adapted
to upland sites, while bur oak trees with larger acorns
are thought better adapted to dense bottomland
forests (Laing 1966). We have seen severe BOB
symptoms only on bur oak with small acorns and
mostly on upland sites, so adaptation of an ecotype of
var. oliviformis to upland sites might be correlated
with susceptibility to BOB.
The new fungus has been found throughout much
of Iowa, but we have observed more severe symptoms
in the western two-thirds of the state, most commonly
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on upland sites with mature trees in open stands.
Severe BOB also was found in hillier areas west of the
Missouri River in Nebraska. Such upland savanna
forests were once common in Iowa and neighboring
states before fire exclusion, and the preponderance
of these stately, open-grown relics of Q. macrocarpa
var. oliviformis led to the designation of oak as Iowa’s
state tree. Fortunately there seems to be a wide
variation in resistance to BOB, even in var. oliviformis
on upland sites where some trees in heavily diseased
groves appear to be highly resistant. The dramatic
symptoms found initially suggested that the cause of
BOB was an introduced pathogen, but the apparent
wide range in resistance among bur oak trees further
suggests that T. iowensis and BOB are native to the
region.
In the past 20 y mature bur oak in Iowa have
experienced more early season rainfall (NOAA 2011)
and likely more disease pressure than in the previous
century. The documented changes in Iowa’s climate
have included several factors that may favor BOB,
including increased spring and summer precipitation,
a shift from late season to early season precipitation,
more summer humidity and warmer nighttime
temperatures (Takle 2011). The most critical point
in the BOB disease cycle appears be rain-splash
dispersal of conidia from crustose pycnothyria and
infection of developing shoots in late April and May.
Statewide nine of the past 10 y have received above
normal precipitation during April and May compared
to the trend since 1895, and there has been no
drought since 1989 (NOAA 2011). Consecutive years
of high spring rainfall may lead to accumulative
buildup of primary inoculum in a tree and depletion
of its late-season energy reserves.
Many hardwood species in the western part of the
Midwest appear to be poorly equipped to handle the
added disease pressure that comes with higher spring
and summer rainfall. With this change in climate
(Takle 2011) there is a critical need for a better
understanding of the systematics and biology of foliar
pathogens on native trees. Tubakia spp. on oaks and
other hardwood species in eastern North America
(Glawe and Crane 1987, Limber and Cash 1945,
Tehon 1948) once were considered only minor leaf
spot pathogens (Munkvold and Neely 1990), but they
are now becoming more conspicuous and damaging
and are in need of taxonomic reevaluation.
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