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ABSTRACT

Elliott, M. L., and Landschoot, P. J. 1991. Fungi similar to Gaeumannomyces associated with
root rot of turfgrasses in Florida. Plant Dis. 75:238-241.

Dark-pigmented, ectotrophic fungi were isolated from the roots of hybrid bermudagrass with
symptoms of bermudagrass decline, a root rot disease. Similar fungi were also isolated from
the roots of St. Augustinegrass, centipedegrass, bentgrass, and perennial ryegrass that exhibited
root rot symptoms. Gaeumannomyces graminis var. graminis was identified from the roots
of bermudagrass, St. Augustinegrass, and a bermudagrass-perennial ryegrass mix. G. incrustans
was identified from centipedegrass, bermudagrass, and St. Augustinegrass roots, whereas Magna-
porthe poae was identified only from bentgrass roots. Phialophora sp. and sterile fungi similar
to Gaeumannomyces were identified from bermudagrass, bermudagrass-perennial ryegrass mix,
and bentgrass roots. For some locations, more than one of the organisms were identified in
association with the symptomatic plant roots. Methods of isolation and identification are
described. Pathogenicity of these isolates and known isolates of Gaeumannomyces, Phialophora,
and Magnaporthe was examined on wheat seedlings in vitro.

At least four turfgrass patch diseases
are caused by fungi with dark-pigmented
hyphae and an ectotrophic growth hab-
it on roots. Gaeumannomyces graminis
(Sacc.) Arx & Olivier var. avenae (E. M.
Turner) Dennis is the causal agent of
take-all patch of bentgrass (Agrostis
spp.) (16). Spring dead spot is a disease
of bermudagrass (Cynodon dactylon (L.)
Pers.) grown in areas of the United States
and Australia where a winter dormancy
is induced because of cold temperatures.
Four fungi have been documented as
causal agents of this disease, Lepto-
sphaeria korrae Walker & Smith, L.
narmari Walker & Smith (22), G. g. var.
graminis (13), and Ophiosphaerella
herpotricha (Sr.) Walker (20). L. korrae
also causes necrotic ringspot of Kentucky
bluegrass (Poa pratensis L.), whereas
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Magnaporthe poae Landschoot & Jack-
son causes summer patch of this same
grass (12,17,24). Other species of Gaeu-
mannomyces associated with turfgrasses
are G. cylindrosporus Hornby, Slope,
Gutteridge & Sivanesan, the probable
teleomorph of Phialophora graminicola
(Deacon) Walker (8), and G. incrustans
Landschoot & Jackson, a recently de-
scribed species of Gaeumannomyces that
is heterothallic (11). The host range and
pathogenicity of these latter two species
of Gaeumannomyces has not been fully
determined.

Bermudagrass decline is a root rot dis-
ease of hybrid bermudagrass (C. dacty-
lon X C. transvaalensis Burtt-Davy) used
for golf greens in Florida (5-7). It is most
prevalent during the summer and fall,
when the largest proportion of annual
precipitation is received, and the weather
is typically very warm and humid. Initial
symptoms of bermudagrass decline in-
clude the appearance of irregular, chloro-
tic patches ranging in diameter from 0.2
to 1 m. Chlorosis and necrosis are first
observed on the lower leaves. Foliar
lesions are absent. The root systems of
these plants are short and discolored,

with dark-colored lesions on the roots.
As the disease progresses, roots and asso-
ciated rhizomes and stolons become
completely rotted (Fig. 1). Entire plants
may die, resulting in a thinning of the
grass. If the disease is not controlled,
bare patches may develop and coalesce.
Although the outer margins of a golf
green often exhibit the disease symptoms
first, symptoms may be expressed across
an entire green.

When Freeman and Augustin (5,6)
first described the disease, the only fun-
gus consistently associated with diseased
root tissue from plants with bermuda-
grass decline symptoms was a fungus
with brown, ectotrophic, sterile hyphae.
Rhizoctonia and Pythium were not con-
sistently isolated from plants with ber-
mudagrass decline symptoms. It was
postulated that the ectotrophic fungus
was either a species of Gaeumannomyces
or Leptosphaeria. As stated previously,
these organisms are known to cause
patch diseases characterized by root rot
symptoms. Later, one fungal isolate was
identified as Phialophoraradicicola Cain
(7), an organism previously associated
only with wheat and corn (1,15).

The purpose of this study was to de-
termine if dark-pigmented, ectotrophic
fungi, other than the previously identi-
fied P. radicicola, were associated with
the roots of bermudagrass plants ex-
hibiting bermudagrass decline symp-
toms. During the period that these plants
were collected, other turfgrasses were
obtained that exhibited root rot symp-
toms. These samples were also included
in the study to help determine the turf-
grass host range of fungi similar to Gaeu-
mannomyces in Florida.

MATERIALS AND METHODS
Isolations. Hybrid bermudagrass

plants symptomatic for bermudagrass

decline were collected from golf greens



in southeastern Florida from July 1987
through September 1988. Plants with
root rot symptoms were also obtained
from a bentgrass golf green in central
Florida, a bermudagrass golf green over-
seeded with perennial ryegrass (Lolium
perenne L.) in southeastern Florida, a
St. Augustinegrass (Stenotaphrum se-
cundatum (Walt.) Kuntze) sod produc-
tion field in southeastern Florida and a
centipedegrass (Eremochloa ophiuroides
(Munro) Hack.) sod production field in
northern Florida. The centipedegrass
sample was provided by G. Simone, Uni-
versity of Florida, Gainesville.

Soil was removed from symptomatic
plants by washing them thoroughly
under tap water. Leaf tissue was severed
from the plant and discarded. The re-
maining crown tissue with attached roots
or individual root tissue pieces were then
soaked for 30 sec in 1% silver nitrate
solution, rinsed for 30 sec in sterile water,
blotted dry on filter paper and placed
on potato-dextrose agar (PDA) with 100
ug/ml streptomycin sulfate (PDAS) and
SM-GGTS3, aselective medium for Gaeu-
mannomyces (10). Plates were incubated
at 28 C and examined after 5, 7, and
10 days. Growth typical of Gaeuman-
nomyces was selected from these plates
and purified on fresh PDAS plates. Each
fungal isolate selected was stored on a
PDA slant at 2 C.

Wheat seedling pathogenicity assay.
The method of Speakman (19) was used
as a simple in vitro pathogenicity assay.
Seeds of spring wheat cultivar Pondera,
surface sterilized with 0.1% silver nitrate
solution, were germinated on water agar
(1.5% Bacto agar) with three seeds per
plate. After the seeds germinated, only
plates with three clean seedlings were
selected for the assay. A S-mm-diameter
agar plug from a PDAS culture of the
test isolate was placed next to the
emerging roots of each seedling with two
plates per test isolate. Two check treat-
ments were included—seedlings with
PDAS plugs placed next to the roots and
seedlings with no agar plugs. Plates were
sealed with Parafilm and allowed to incu-
bate at room temperature in natural light
for 4 wk. Plants were then examined for
root rot symptoms and fungal structures

Fig. 1. Root symptoms of bermudagrass de-
cline on hybrid bermudagrass (right) com-
pared with healthy roots (left).

characteristic of Gaeumannomyces, i.e.,
hyphopodia, perithecial initials or per-
ithecia, and mycelial crusts on roots and
stems.

In addition to the fungal isolates
obtained in this study, the following
fungi were also used in the assay. They
were G. g. var. tritici Walker (MT-528),
P. radicicola (J13), G. g. var. graminis
(ATCC 64419), G. g. var. avenae (LL),
G. incrustans (ATCC 64418), M. poae
(ATCC 64413), G. cylindrosporus
(ATCC 64420), and P. graminicola
(ATCC 64414). The isolate designated P.
radicicola was provided by T. E. Free-
man, University of Florida, Gainesville.
Except for G. g. var. tritici (MT-528),
which originated from spring wheat,
these fungi had been isolated from turf-
grasses.

Identification. Twenty-two isolates
were selected for identification. Each
isolate selected was inoculated individ-
ually and paired with ‘tester’ isolates of
M. poae and G. incrustans on wheat
seedlings in water agar, again using the
method described by Speakman (19).
The tester isolates of M. poae (ATCC
64412, ‘a’ mating type and ATCC 64411,
‘A’ mating type), and G. incrustans
(ATCC 64416, ‘a’ mating type and ATCC
64417, ‘A’ mating type) were selected for
this assay based on their prolific produc-
tion of perithecia when combined with
isolates of compatible mating types (P.
J. Landschoot, unpublished). Plates with
seedlings were incubated at room tem-
perature in natural light for 5-6 wk.
Isolates that produced mature per-
ithecia were identified based on char-
acteristics of the ascospores. Ascospores
were stained with 1.0% cotton blue solu-
tion and measured with an ocular micro-
meter under a X40 objective. Hypho-
podia of G. g. var. graminis were pro-
duced on wheat leaves, leaf sheaths, and
Parafilm.

Conidia were produced by seeding iso-
lates on one-fifth strength PDA (R. E.
Wagner, personal communication) or a
dilute rabbit food agar (9) and placing
the plates in the dark for 2-5 days.

RESULTS AND DISCUSSION

Fifty fungal isolates similar to Gaeu-
mannomyces, representing 20 field loca-
tions and five turfgrass species, were col-
lected over 15 mo. All isolates had dis-
tinct characteristics in culture that were
indicative of Gaeumannomyces. These
characteristics included hyphae that
curled back at the colony margins and
colonies that darkened with age on
PDAS and produced a diffuse melanin
pigment on SM-GGT?3 (10,18). Twenty-
two isolates were selected for identifica-
tion based on their point of origin (e.g.,
golf course location), turfgrass host, and
additional cultural characteristics such
as aerial hyphae, rhizomorphlike struc-
tures, or sunken centers in PDAS or SM-
GGT3 plates. For example, isolates FL-
45, FL-46, and FL-47 were from the same
golf course and exhibited characteristics
indicative of Gaeumannomyces but had
additional cultural characteristics that
distinguished them individually.

Three genera of fungi were identified:
one species of Magnaporthe, two species
of Gaeumannomyces, and an unidenti-
fied species of Phialophora (Table 1).
Two isolates produced neither asexual
or sexual structures nor any other dis-
tinguishable taxonomic characteristics.
These isolates, FL-14 and FL-47, origi-
nated from bermudagrass. FL-04 was the
only isolate identified as M. poae having
ascospores that were fusoid and dark-
pigmented. The mean length of 50 asco-
spores was 29 um with a range of 25-33
pm and a standard deviation of 2 um.
Isolate FL-04 was obtained from a bent-
grass golf green. G. g. var. graminis was
identified from samples of St. Augustine-

Table 1. Fungi isolated from turfgrass plants symptomatic for root rot in Florida

Isolate Location Turfgrass common name Identification

FL-04 Isleworth Bentgrass Magnaporthe poae
FL-07 Isleworth Bentgrass Phialophora sp.

FL-11  Riviera Bermudagrass Phialophora sp.

FL-14  Bocaire Bermudagrass Gaeumannomyces type; sterile
FL-15 Bocaire Bermudagrass Phialophora sp.

FL-18 Miami Lakes Bermudagrass Phialophora sp.

FL-19 Miami Lakes Bermudagrass G. graminis var. graminis
FL-23 Hollywood Lakes  Bermudagrass & ryegrass mix  Phialophora sp.

FL-24 Hollywood Lakes = Bermudagrass & ryegrass mix  Phialophora sp.

FL-25 Hollywood Lakes  Bermudagrass & ryegrass mix  G. g. var. graminis

FL-28 Sod Farm Centipedegrass G. incrustans

FL-32  Rolling Hills Bermudagrass G. incrustans

FL-36 Doral Bermudagrass G. g. var. graminis
FL-37 Doral Bermudagrass Phialophora sp.

FL-38 Sod Farm St. Augustinegrass G. incrustans

FL-39 Sod Farm St. Augustinegrass G. g. var. graminis
FL-45 Riomar Bermudagrass G. incrustans

FL-46 Riomar Bermudagrass G. g. var. graminis
FL-47 Riomar Bermudagrass Gaeumannomyces type, sterile
FL-49  Bent Pine Bermudagrass G. incrustans

FL-52 Miami Bermudagrass G. incrustans

FL-53 Miami Bermudagrass G. incrustans
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grass, bermudagrass, and the bermuda-
grass-ryegrass mix. All isolates produced
lobed hyphopodia (Fig. 2) and typical
perithecia (Fig. 3). The mean length of
a sample population of 250 ascospores
of G. g. var. graminis was 86 um with
a range of 60-100 um and a standard
deviation of 6 um (Fig. 4). G. incrustans
was isolated from bermudagrass, St.
Augustinegrass, and centipedegrass.
Both mating types of G. incrustans were
identified in this study. A sample popu-
lation of 350 ascospores ranged from 35
to 55 um with a mean of 45 um and
a standard deviation of 4 um (Fig. 5).
Phialophora spp. were associated with
bentgrass, bermudagrass, and the ber-
mudagrass-ryegrass mix (Fig. 6).
Although the isolates designated as
Phialophora sp. have characteristics
similar to other species of Phialophora
from the roots of Gramineae (1,3,15),
species epithets were not determined at
this time. Schol-Schwarz (14) cautioned
that considerable variation and lack of
morphological differentiation exist be-
tween conidial states of Phialophora,
particularly in closely related species. She
also noted that variation in spore shape
as well as conidiophore branching and
size occurs within the same species de-
pending on the age of the isolate, the
culture medium used, and the amount
of illumination. The possibility also
exists that the Phialophora sp. found in
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Fig. 2. Lobed hyphopodia of Gaeumanno-
myces graminis var. graminis on wheat leaf
sheaths. Scale bar = 30 um.

Fig. 3. Perithecia of Gaeumannomyces
graminis var. graminis on wheat leaf. Scale
bar = 200 um.
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this study are anamorphs of G. incrus-
tans or M. poae that have lost the ca-
pacity to produce perithecia.

In general, the majority of Gaeuman-
nomyces species but not of Phialophora
species are pathogenic on grasses (2,21).
Because hybrid bermudagrass is vegeta-
tively propagated, the wheat seedling
assay was used as a simple and general
pathogenicity asssay. Check seedlings
were healthy with only leaf tips exhibit-
ing a slight chlorosis at the end of the
incubation period. Roots and basal stems
remained white. Seedlings inoculated
with P. radicicola (J13), G. cylindro-
sporus (ATCC 64420), and P. gramini-
cola (ATCC 64414) were similar in
appearance to the check seedlings. G. g.
var. avenae (LL) caused a general leaf
chlorosis but did not appear to affect the
roots. Although the Phialophora isolates
and the sterile fungal isolates from
Florida resulted in slightly discolored
and sometimes even superficially black-
ened roots with ectotrophic hyphae,
leaves of the wheat seedlings were only
slightly chlorotic. All the identified
isolates of M. poae, G. incrustans, and
G. g. var. graminis from Florida and the
known isolates of the same species plus
G. g. var. tritici resulted in severe chloro-
sis (>50%) and, with some isolates,
necrosis of the wheat seedlings. These

Fig. 4. Ascospores of Gaeumannomyces
graminis var. graminis. Scale bar = 40 um.

Fig. 5. Ascospores and microconidia of
Gaeumannomyces incrustans. Scale bar = 25
um.

seedlings had rotted roots and basal
stems with ectotrophic hyphae easily ob-
served on the roots. Plant growth cham-
ber and field pathogenicity studies are
currently being conducted on bermuda-
grass and perennial ryegrass.

Although isolate FL-25 of G. g. var.
graminis and isolates FL-23 and FL-24
of Phialophora were obtained from a
bermudagrass-perennial ryegrass mix
and not from one specific grass, fungi
similar to Gaeumannomyces were ob-
tained 1 yr later at the same location from
both bermudagrass and ryegrass roots.
No additional samples of St. Augustine-
grass, centipedegrass, or bentgrass with
root rot symptoms have been obtained
since September 1988. An additional 39
isolates similar to Gaeumannomyces
have been obtained from 13 bermuda-
grass golf courses and one baseball field
with symptoms of bermudagrass decline
(M. L. Elliott, unpublished). Of these 14
locations, 10 were new locations not
represented in this study. St. Augustine-
grass, bermudagrass, perennial ryegrass,
bentgrass, and centipedegrass have not
been listed as hosts of G. g. var. graminis,
G. incrustans, or M. poae in Florida (4)
and, to our knowledge, this is the first
report of these organisms from turfgrass
in Florida. St. Augustinegrass and centi-
pedegrass have not previously been re-
ported as hosts for G. incrustans (11).

Bermudagrass decline is known to
occur throughout Florida (6). Both
‘Tifdwarf’ and ‘Tifgreen’ cultivars of
hybrid bermudagrass, the most widely
grown cultivars on golf course greens,
are affected by bermudagrass decline.
Presently, if fungi similar to Gaeuman-
nomyces are isolated from the roots of
a bermudagrass decline-symptomatic
patch of bermudagrass, bermudagrass
decline would be confirmed and appro-
priate control measures implemented.
However, isolating these fungi can be
difficult because they grow quite slowly
in comparison with the many sapro-
phytes that may also be present. Remov-
ing the leaf tissue and surface sterilizing
the remaining plant tissue with a 1%
silver nitrate solution is useful. SM-
GGT3 medium is also helpful (10), but

designated Phialophora sp. growing on one-
fifth strength potato-dextrose agar. Scale bar
=8 um.



it does not completely exclude or inhibit
the saprophytes Curvularia and Tricho-
derma that are often associated with
turfgrasses.

In a clinical situation, determining the
exact identification of isolated fungi with
characteristics of Gaeumannomyces is
time consuming, difficult and, in most
cases, impractical. Because G. incrustans
and M. poae are heterothallic, the
appropriate mating strains are required.
In addition, 5-7 wk is required for pro-
duction of perithecia. Thus far, perith-
ecia of the Gaeumnannomyces spp. and
M. poae have not been observed in any
field situation where bermudagrass
decline was diagnosed. Hyphopodia of
G. g. var. graminis are not commonly
observed on clinical samples. However,
these structures can be easily observed
in culture with the wheat seedling assay.

With the completion of this study, G.
incrustans, G. g. var. graminis, and
Phialophora spp., including P. radicicola
(7), have been isolated from
bermudagrass with bermudagrass
decline symptoms. In some locations,
more than one of these organisms was
identified. This, of course, leads to more
questions concerning the etiology of the
disease. As indicated previously, the
pathogenicity of the different fungal
isolates is being determined. The major-
ity of golf course greens in Florida are
hybrid bermudagrass. However, a com-
mon practice during the winter months
is the overseeding of greens with cool-
season turfgrasses such as perennial
ryegrass or creeping bentgrass. There-
fore, it is plausible that the fungal path-
ogens that cause bermudagrass decline
could also infect these turfgrass hosts.
It is also possible that bermudagrass
decline and other turfgrass root rot dis-
eases in Florida are caused by a complex

of Gaeumannomyces species or fungal
species with similar characteristics. In
addition, the role of nonpathogenic
Gaeumannomyces or Phialophora spe-
cies in these diseases needs to be deter-
mined as it may be possible to develop
these organisms as biological control
agents (23).
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