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ABSTRACT

Tisserat, N. A., Pair, J. C., and Nus, A. 1989. Ophiosphaerella herpotricha, a cause of spring
dead spot of bermudagrass in Kansas. Plant Disease 73: 933-937.

Ophiosphaerella herpotricha was consistently isolated from stolons and roots of bermudagrass
(Cynodon dactylon) affected with spring dead spot (SDS) in Kansas. The fungus was sterile
in culture but occasionally produced fertile pseudothecia on inoculated plants. Optimal growth
rates on potato-dextrose agar occurred between 20 and 25 C. In greenhouse tests, inoculation
with O. herpotricha significantly increased root discoloration ratings and, in most experiments,
decreased root weights of bermudagrass. The fungus colonized root tissue at soil temperatures
of 15 and 25 C. In field tests, symptoms of SDS were reproduced on 18 clones or cultivars

1-2 yr after inoculation with O. herpotricha.

Additional keywords: Leptosphaeria korrae, Gaeumannomyces incrustans, Gaeumannomyces

graminis var. graminis

Spring dead spot (SDS) is a serious
root disease of bermudagrass (Cynodon
dactylon (L.) Pers.) along the northern
range of its adaptation in the United
States (1,3) and in Australia (12). SDS
results in the formation of circular or
arc-shaped patches of dead turf in early
spring as bermudagrass breaks dor-
mancy. During the summer, bermuda-
grass recolonizes areas where the turf-
grass was killed by SDS, but dead
patches often reappear in the same loca-
tion the following spring. The disease
tends to be associated with cold winters
and with management factors that reduce
hardiness, delay fall dormancy, or pro-
mote early spring growth (7).

In 1965, Smith (11) reported Ophio-
bolus herpotrichus (Fr.) Sacc. as a cause
of SDS in Australia. The fungus was later
determined to be misidentified and was
renamed Leptosphaeria korrae Walker
& Smith (18). A second, more common
fungus also associated with SDS in Aus-
tralia was named L. narmari Walker &
Smith (18). L. korrae has been identified
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as a cause of SDS in California (3) and
Maryland (1) and is also responsible for
necrotic ring spot, a patch disease of
Kentucky bluegrass (Poa pratensis L.) in
the United States (10,20).

Previous research in Kansas showed
that symptoms of SDS could be pro-
duced in the field 2 yr after plugging dis-
eased sod into symptomless bermuda-
grass (7), but the cause of the disease
was not determined. Since this report and
others on the etiology of SDS, we have
made numerous attempts to isolate
L. korrae or L. narmari in Kansas. To
date, we have not recovered these fungi
from any turfgrass affected with a patch
disease. However, another ectotrophic
fungus, Ophiosphaerella herpotricha
(Fr.) Walker (= Ophiobolus herpo-
trichus), was consistently isolated from
SDS-affected bermudagrass. The pur-
pose of this paper is to report on the
pathogenicity of O. herpotricha to ber-
mudagrass in greenhouse and field
experiments. Preliminary reports on this
disease have been published (15,16).

MATERIALS AND METHODS
Isolations of ectotrophic fungi were
attempted from roots and stolons of
SDS-affected bermudagrass from 14
locations throughout Kansas. The indi-
rect baiting technique described by
Smiley and Craven Fowler (10) was used
in early isolations. Diseased bermuda-
grass roots and stolons were collected
from SDS-affected patches, washed in
water for 30 min, and finely chopped.
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A 2-cm layer of the debris was placed
in a 2 X 15 cm cylindrical plastic pot
(Cone-Tainer Nursery, Canby, OR)
containing vermiculite. Wheat (Triticum
aestivum L.) seed was germinated in the
pots, and roots were allowed to grow
through the debris. After 10-21 days,
plants were removed from pots and the
roots were gently washed with water to
remove the vermiculite. Root pieces were
examined microscopically for the pres-
ence of ectotrophic hyphae, then were
surface-sterilized in 0.5 % NaOCI for 1-3
min, blotted dry, and placed on potato-
dextrose agar acidified (2% w/v) with
lactic acid (APDA). Ectotrophic hyphae
were not observed on wheat roots grown
in vermiculite only. In subsequent stud-
ies, ectotrophic fungi were isolated di-
rectly from diseased roots by the methods
described by Worf et al (20). All fungal
isolates were maintained on PDA at 25 C
under cool-white fluorescent lights (12
hr light/ 12 hr dark).

Growth rates of four isolates of O. her-
potricha (mass-mycelium isolates KS3,
KS10, and KS11 and ascospore isolate
KS27) were compared in culture. A small
piece of PDA containing mycelium of
each isolate was placed in the center of
each of three replicate PDA plates and
incubated in darkness at 5-C intervals
from 5 to 35 C. Colony diameters were
measured daily in two directions on each
plate and averaged over a 14-day period
to determine mean growth per day.

Inoculum for greenhouse and field
experiments was prepared as follows: 150
g of oats (Avena sativa L.) and 150 ml
of water were placed in 950-ml canning
jars and autoclaved on successive days
at 121 Cfor 30 min. After the jars cooled,
small pieces of PDA containing O. her-
potricha were inserted into the jar onto
the sterile oats; the jars were recapped
and kept at 25 C for 1 mo. Infested oats
were then removed from the jar and air-
dried. Inoculum of other fungal species
was prepared in the same manner. All
inoculum was stored at 25 C and used
within 2 mo of preparation.

Pathogenicity of O. herpotrichato ber-
mudagrass was compared with that of
other ectotrophic fungi associated with
or known to cause SDS. Arizona com-
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mon bermudagrass was seeded (1 g/pot)
into 6 X 25 cm plastic pots (McConkey
Co., Sumner, WA) containing a steamed
soil:perlite:peat mixture (l:1:1, v/v).
Plants were inoculated 3 mo after seeding
with 2 g of sterile oats or oats infested
with isolate KS3 or KS27 of O. herpo-
tricha, a Kentucky bluegrass isolate of
L. korrae (obtained from G. Worf, Uni-
versity of Wisconsin-Madison), or an
ascospore isolate of Gaeumannomyces
graminis (Sacc.) von Arx & Oliver var.
graminis Walker isolated from SDS-
affected bermudagrass in North Carolina
(obtained from L. Lucas, North Carolina
State University, Raleigh, and identified
by J. Walker, Australia). Plants and soil
were removed from pots, and inoculum
was uniformly inserted into soil sur-
rounding roots and stolons; the turfgrass
was then repotted. Pots were placed in

Fig. 1. Symptoms and signs of Ophiosphaerella herpotricha on bermudagrass: (A) Pseudothecia
on stolons. Scale bar = 600 um. (B) Asci and ascospores. Scale bar = 30 um. (C) Ectotrophic

the greenhouse in arandomized complete
block design with five replicates and were
watered and fertilized with Osmocote
14-14-14 (Sierra Chemical Co., Milpitas,
CA) as needed. Soil temperatures during
the experiment ranged from 21 to 28 C.
Plants were incubated for 90 days, then
washed with water to remove soil from
roots. Roots were rated for discoloration
on a 0-5 scale (0 = no discoloration,
1 = 1-12%, 2 = 13-25%, 3 = 26-50%,
4 = 51-76%, and 5 = >76% of roots
discolored) as an indication of the
amount of root rot present, oven-dried
for 96 hr at 50 C, and weighed. Before
drying, samples of root tissue showing
ectotrophic hyphae were removed, sur-
face-sterilized, and placed on APDA as
previously described. All fungi used in
inoculations were recovered from dis-
eased roots and stolons, and no cross-

hyphae on roots. Scale bar = 20 um. (D) Root discoloration after 90 days on (left) noninoculated

Arizona common bermudagrass, (middle) plant inoculated with Leptosphaeria korrae, and (right)

plant inoculated with Ophiosphaerella herpotricha.
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contamination in the pots was detected.

The effects of soil temperature and
fungal isolates on root discoloration and
weight were studied. Stolon pieces, 2-5
cm long, of bermudagrass clone A-22
were surface-sterilized for 1-3 min in
0.5% NaOCl, then rinsed in distilled
water. Sample stolon pieces were placed
on APDA, but no ectotrophic fungi
were recovered. Two stolon pieces were
then transplanted into pots containing
a U-shaped segment of epoxy-coated
copper tubing (0.3 c¢cm i.d.) embedded
in the soil. The tube openings remained
3 cm above the soil surface. Plants were
placed in the greenhouse for 3 mo, then
inoculated with one of three isolates of
O. herpotricha (KS3, KSI11, or KS27)
as described previously. Pots were then
inserted into holes in a 45-cm-deep poly-
styrene block. Soil temperatures in half
of the pots were maintained at 15 £ 2 C
by connecting in series the ends of the
copper tubing in each pot with plastic
tubing and then circulating refrigerated
water through the system according to
the method described by Russell (8). The
rest of the pots were not connected to
the system and maintained soil temper-
atures of 25 =+ 4 C throughout the experi-
ment. Plants were incubated in the green-
house for 67 days, then processed as
previously described. The experimental
design was a randomized complete block
factorial (temperature X isolate) with five
replicates. The same experiment was re-
peated for clone E-29, except that pots
were inoculated with L. korrae, G. g. var.
graminis, or isolate KS27 of O. her-
potricha and the incubation period was
126 days.

A total of three field inoculations of
bermudagrass were made in September
1986 and September 1987 at two loca-
tions in Kansas. In 1986, a 1-yr-old plot
of clone A-29 was inoculated at the Hor-
ticultural Research Center in Wichita.
The plot received regular irrigation and
>3 1b of A nitrogen per growing season
throughout the experiment. Forty 3 X 5§
cm soil cores were removed with a soil
probe at 1.2-m intervals across the turf.
Approximately 1 g of oat seed infested
with a mixture of O. herpotricha isolates
KS3, KS11, and KS27 (1:1:1, v/v) was
added to each hole and the soil plug was
reinserted. For control, 1 g of sterile oat
seed was inserted in the bottom of each
of 40 additional holes that were offset
from inoculation sites by 0.5 m. Plots
were rated in the spring of 1987 and 1988
for development of SDS symptoms. The
experiment also was conducted in 1986
on an established MidMo (clone S16)
cultivar plot near Manhattan. In Sep-
tember 1987, inoculations were made in
Wichita on 28 bermudagrass clones or
cultivars. Two equally spaced 10-cm-
diameter plugs were removed from each
of three replicated 9-m* clone plots ar-
ranged in a randomized complete block
design. Then, 10 g of sterile oats or oats



infested with a mixture of O. herpotricha
isolates KS3, KS11, KS23, and KS27
(1:1:1:1, v/v) was randomly added to the
bottom of one hole on each plot; the
plugs were then replaced. SDS ratings
were made in May 1987.

RESULTS

Two ectotrophic fungi, O. herpotricha
(identified by J. Walker, Australia, and
R. Shoemaker, Canada) and G. incrus-
tans Landschoot & Jackson (5), were
consistently isolated from roots and
stolons of bermudagrass affected with
SDS in Kansas. In preliminary experi-
ments, only O. herpotricha caused ex-
tensive root discoloration (15), and no
further tests were conducted with G. in-
crustans.

O. herpotricha was sterile in culture,
and all attempts to initiate ascocarp for-
mation on artificial media were unsuc-
cessful. Nevertheless, the fungus occa-
sionally produced fertile pseudothecia on
stolons and crowns of inoculated plants
in the greenhouse. Pseudothecia were
250-400 pum in diameter, with filiform,
eight to 20 septate, ascospores 130-215
(152) X 2-3(2.5) um (Fig. 1). Ascospores
were slightly twisted within the ascus. A
complete taxonomic description of O.
herpotricha is given by Walker (17). The
fungus also is reported to have a pycni-
dial anamorph, Scolecosporiella sp.
(6,19), but we did not observe pycnidial
formation in culture or on diseased plant
tissue. The identity of nonsporulating
field isolates of O. herpotricha was de-
termined by comparison with single
ascospore isolates using restriction frag-
ment length polymorphism analysis (14).

O. herpotricha produced a white,
septate, cottony mycelium on PDA and
malt agar (MA) that turned light tan to
brown after 3-7 days. A few isolates pro-
duced a greenish tint in the center of the
colony. Mycelium submerged in agar
eventually turned tan to dark brown.
Optimal growth rates for O. herpotricha
isolates on PDA were 3.5-4.1 mm per
day at temperatures between 20 and 25 C
(Fig. 2). There was little growth at 30 C
except for isolate KS11, and no growth
was observed at 35 C.

In the greenhouse, O. herpotricha, G.
g var. graminis, and L. korrae sig-
nificantly (P <0.05) increased root dis-
coloration ratings and decreased root dry
weights on Arizona common bermuda-
grass, the two O. herpotricha isolates
caused the most extensive root damage
(Fig. 3). Roots and crowns of infected
plants were dark brown to black and
covered with dark ectotrophic hyphae
(Fig. 1). These mycelial strands or cords,
consisting of two to five hyphae joined
together, commonly grew parallel to the
root surface. Bulbillike structures of
densely packed ectotrophic hyphae were
frequently observed on roots and stolons.

A second group of experiments was
conducted to determine the effect of soil

temperature and inoculation with O. her-
potricha, L. korrae, or G. g. var. graminis
on root deterioration. There were no
temperature X fungal isolate interactions
on clones A-22 and E-29, so only treat-
ment effects are reported in Table 1. The
mean root weight of all inoculum treat-
ments (including controls) was signifi-
cantly (P <0.05) higher at 25 C than
at 15 Cfor both clones, but root discolor-
ation ratings were not. All O. herpotricha
isolates increased root discoloration
ratings on A-22; the ascospore isolate
(KS27) caused significantly (P <0.05)
more root discoloration than either
mass-mycelium isolate. Nevertheless,
only the ascospore isolate significantly
(£<20.05) reduced root weights. On clone

5.0

E-29, both L. korrae and O. herpotricha
increased root discoloration, but only
L. korrae caused a significant (P <0.05)
reduction in root weight. Plants inocu-
lated with G. g. var. graminis had little
root discoloration and no significant re-
duction in root weight.

In May 1988, circular dead areas 15-30
cmin diameter developed on 55% (22/40)
of the inoculation points made in Sep-
tember 1986 on clone A-29 in field plots.
Similarly, 40% (16/40) of the inoculation
points made on MidMo in September
1986 developed circular dead areas in
1988. No symptoms were observed on
either plot in 1987. O. herpotricha was
consistently reisolated from samples of
diseased roots at the margin of dead
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Fig. 2. Mean growth rates of four isolates (KS3, KS10, KSI1, and KS27) of Ophiosphaerella
herpotricha on potato-dextrose agar at different temperatures. Mean growth rates are averages
of three replicate plates at each temperature. All isolates had similar growth rates except KS11,

which had more growth at 30 C.
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Fig. 3. Mean root discoloration (0 = no discoloration, 1 = 1-12%, 2 = 13-25%, 3 = 26-509%,
4 = 51-76%, and 5 = >76% of roots discolored) and root dry weights of Arizona common
bermudagrass 90 days after inoculation with Gaeumannom yces graminis var. graminis (G.g.g.),
Leptosphaeria korrae (L.X.), or two isolates of Ophiosphaerella herpotricha (0.h. KS3 and
O.h. KS27). Bars without the same letter are significantly different (P <0.05) by FLSD test.
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patches. No discoloration or death of turf
was observed in areas amended with
sterile oats, and O. herpotricha was not
isolated from root samples taken from
these plots.

In May 1988, 63% of all plugs in-
oculated September 1987 with O.
herpotricha in the replicated clone and
cultivar field trial were dead. Turfgrass
death was restricted to the area of the
plug (10 cm diameter) that had been
removed for inoculation. In contrast,
none of the control plugs amended with
sterile oats showed any discoloration or
death of the turfgrass. Several clones
suffered extensive winter injury and were
not included in the ratings (Table 2). All
other selections except Midiron and CT
23 had at least one plot in which the
inoculated plug died. O. herpotricha was
reisolated from roots in several of the
diseased plugs.

DISCUSSION

O. herpotricha is found on a number
of grass species in Europe, North
America, and Australia (2,6,13,17,19)
and is considered to be a saprophyte or
weak pathogen of wheat (13). In early
phytopathological literature, O. herpo-
tricha was confused with G. g. var. tritici
as the cause of take-all of wheat (2,13).
Our results show that O. herpotricha is
pathogenic to and capable of causing
symptoms on bermudagrass identical to
those reported for SDS. We have repro-
duced symptoms of SDS on 18 bermuda-
grass clones or cultivars in field trials.
Ironically, Smith (11) first reported
Ophiobolus herpotrichus (= O. herpo-
tricha) as a cause of SDS in Australia
in 1965; however, his isolates were later
reidentified as L. korrae (18).

Several ectotrophic fungi, including L.
korrae, L. narmari, and O. herpotricha
are capable of causing symptoms of SDS
on bermudagrass. L. narmari has been
reported only in Australia (18), whereas
L. korrae has been found in Australia
(18) and throughout much of the north-
ern portion (1,9,10,20), but not the
south-central or southeastern part, of the
United States. Whether L. korrae has a
restricted geographic distribution or
simply has escaped detection in southern
regions is not known. We have con-
sistently isolated O. herpotricha but not
L. korrae in Kansas. G. incrustans and
G. g. var. graminis also have been
isolated from bermudagrass affected
with SDS in Kansas and North Carolina,
respectively, but the relationship of these
fungi to SDS is unclear. G. incrustans
did not cause extensive root rot or root
weight loss of bermudagrass in green-
house trials (15); its pathogenicity under
field conditions has not been tested,
however. In our greenhouse trials, G. g.
var. graminis caused root rot on Arizona
common bermudagrass but not on clone
E-29. This fungus does not appear to be
as virulent as either L. korrae or O. her-
potricha. The association of several ecto-
trophic fungi with SDS complicates
etiologic studies. In some areas, SDS
may be a disease complex in which more
than one ectotrophic fungus contributes
to symptom development. Further re-
search is needed on the identity and dis-
tribution of fungi associated with SDS.

Differentiation of O. herpotricha, L.
korrae, L. narmari, and other ecto-
trophic fungi associated with SDS can
be difficult because they do not readily
produce fruit bodies in culture. L. korrae
is mostly gray when grown on PDA,

Table 1. Effect of soil temperature on root discoloration and root weights of bermudagrass
clones A-22 and E-29 inoculated with Ophiosphaerella herpotricha, Leptosphaeria korrae, or

Gaeumannomyces graminis var. graminis

Clone A-22 Clone E-29
Root Root dry Root Root dry

Treatment rating™” weight™’ rating weight
Isolate”

Control 04a 1.35a 0.5a 3.52a

O. herpotricha KS27 41c 0.88 b 2.6b 320 a

O. herpotricha KS11 27b 1.45a

O. herpotricha KS3 28b 1.22a

G. g. var. graminis 0.6a 3.12a

L. korrae 43¢ 2.13b
Temperature’

15C 2.5 095a 2.0 244 a

25C 2.4 1.51b 2.0 3.54b

whereas O. herpotricha and L. narmari
are light tan to brown; isolates of each
fungus are variable in culture, however.
Optimal growth temperatures and growth
rates for O. herpotricha are similar to
those reported for L. korrae and L. nar-
mari and cannot be used for identifica-
tion of these fungi. Other techniques,
such as development of monoclonal
antibodies to L. korrae (9), isoelectric
focusing of fungal protein extracts to
distinquish L. narmari from L. korrae
(4), and differentiation of L. korrae from
O. herpotricha by restriction fragment
length polymorphism analysis (14), have
recently been successfully used for iden-
tification of ectotrophic fungi associated
with patch diseases of turf.

Factors that favor infection and colon-
ization of bermudagrass roots by SDS-
causing pathogens are poorly under-
stood. SDS on bermudagrass in Aus-
tralia is considered by Smith (12) to be
a cool-season disease favored by soil
temperatures below 20 C. Nevertheless,
Crahay et al (1) found that L. korrae
colonized bermudagrass roots at
temperatures as high as 30 C, but plant
mortality was observed only at
temperatures of 15 and 20 C. In our
short-term studies, both O. herpotricha
and L. korrae caused root rot and a
reduction in root weight, but not plant
mortality, at both 15 and 25 C. This
suggests that infection and colonization

Table 2. Proportion of bermudagrass clone
or cultivar plots developing symptoms of
spring dead spot | yr after inoculation with
Ophiosphaerella herpotricha

Clone Proportion
or of
cultivar Origin® dead plugs®
CT 23 California 0/3
NM 43 New Mexico 3/3
NM 375 New Mexico 3/3
NMS 14 New Mexico 1/3
MSB 10 Mississippi 2/3
MSB 20 Mississippi 2/3
Vamont Virginia 2/3
E-29 Kansas 2/3
A-29 Kansas 1/3
Midiron Kansas 0/3
A-22 Kansas 2/3
RS 1 Kentucky 2/3
Texturf 10 Texas 3/3
Tufcote Maryland 2/3
Tifgreen Georgia 3/3
Tifway Georgia 2/3
Tifway 11 Georgia 2/3
Guymon Oklahoma 2/3
ArizonaCommon 2/3

“Plants inoculated with 2 g of sterile oats (control) or oats infested with Kansas isolates KS3,
KS11, or KS27 of O. herpotricha; a Kentucky bluegrass isolate of L. korrae; or a bermudagrass
isolate of G. g. var. graminis. Root discoloration and weights are combined means of inoculations
at 15 and 25 C. Data in the same column not followed by the same letter are significantly

different (P <0.05) by FLSD test.

*Mean root discoloration on a 0-5 scale (0 = no discoloration, 1 = 1-12%, 2 = 13-25%,
3 = 26-50%, 4 = 51-76%, and 5 = >76%) 67 and 126 days after inoculation for A-22 and

E-29, respectively.

Y Mean root dry weights for isolate and temperature treatments 67 days and 126 days after

inoculation for A-22 and E-29, respectively.

’Temperature effects on root discoloration and root weight for all treatments. There were
no temperature X isolate interactions for either clone.
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“Location where clones or cultivars were
originally selected.
PProportion of turf plugs (10 cm diameter)
in three replicated plots that were dead 8 mo
after inoculation with O. herpotricha. NM
72,NM 471,NM 507, NMS 1, NMS 2, NMS
3, and NMS 4 from New Mexico, MSB 30
from Mississippi, and FB 119 from Florida
suffered extensive winter injury and could
not be rated. Soil plugs amended with sterile
oats in all clone or cultivar plots, except those
suffering winter injury, remained alive.



of roots by O. herpotricha or L. korrae
could occur any time soil temperatures
are between 10 and 25 C, but that low
temperatures and/or dormancy factors
play a major role in foliar symptoms and
plant mortality. In greenhouse tests, we
did not induce dormancy of the turfgrass;
disease ratings were based on root weight
reduction and not plant death. In the
field, roots of susceptible cultivars may
be damaged sufficiently by the fungus
to decrease tolerance to cold tempera-
tures during dormancy. In contrast, win-
ter-tolerant cultivars such as Midiron
may be able to tolerate root colonization
by the pathogen. Further experiments
are needed to determine the effects of
colonization by O. herpotricha on winter
hardiness of bermudagrass.
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