Diseases of Cool- and Warm-Season
Putting Greens

History sheds light on where we are and a look at where we are headed.
BY JOHN C. INGUAGIATO, PH.D., and S. BRUCE MARTIN, PH.D.

veryone interested in diseases of
Efine turfgrasses should read the

classic manuscript “Turf Diseases
and Their Control” by John Monteith,
Jr., and Arnold S. Dahl from The
Bulletin of The United States Golf
Association Green Section, Vol. 12,
No. 4, August 1932. In the manuscript,
Monteith and Dahl state:

The constantly rising standard of

excellence in the maintenance of golf

turf continually confronts the

greenkeeper with new problems . . . .

The artificial conditions of growth to

which turf has been subjected on golf

courses have undoubtedly increased
the damage caused by turf diseases.

At the same time, the improvements

in turf have tended to make the

modern golfer far more critical and

have increased the demand for turf of

quality kept free at all times from any

damage caused by disease or other
agencies.

There is an amazing amount of
knowledge available about what causes
and controls many turfgrass diseases,
but the success we have had in apply-
ing that knowledge certainly has not
changed human nature. As turf pathol-
ogists, we have withessed situations
where superintendents have heroically
battled to combat disease outbreaks
that still can occur unexpectedly and
cause severe damage. In almost all
cases, disease outbreaks can be
traced to changes in components
of the classic Disease Triangle —
diseases result from an interaction
between susceptible hosts, favorable
environments, and virulent pathogens.
Disease epidemics happen in the
context of time. Some diseases — like
Pythium blight or rapid blight — literally
can destroy stands of turf overnight,
while other diseases become progres-
sively worse as infestation levels of
pathogenic organisms increase over
time.
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Fundamental stuff, right? While
the concept of the Disease Triangle is
simple, when one closely examines the
detailed interactions that can occur
and considers the demand for perfect
playing conditions that many golfers
have, complicated and often confound-
ing factors result in situations where
golf courses are managing turf on the
edge of potential disease outbreaks.
Riding the fine line between disease
outbreaks and healthy turf, golf course
superintendents do an amazing job
managing playing surfaces. Fortunately,
there is a lot of science behind the
tools superintendents use to control
diseases. However, a tremendous
amount of knowledge and skill also
plays a role in the art of managing
turfgrass diseases and other pests,
especially when golfers have high and,
in some cases, unreasonable playing-
quality demands. This was the case in
Monteith and Dahl’s time, and it
remains the case today

In this article we will discuss
diseases that continually challenge
superintendents. We will discuss
progress, areas where more research
is needed to assist our understanding
of diseases, and provide solutions or
approaches to disease management.
We will focus our discussion on putting
greens, but readers also will surely be
reminded of similar disease-manage-
ment situations on tees and fairways.
For the purposes of this article, we will
discuss diseases on bentgrass, Poa
annua, and bermudagrass greens.

COOL-SEASON

PUTTING GREENS

Disease incidence and severity on
putting greens is largely dictated by the
species and even cultivar of turf. In the
northern United States, creeping bent-
grass (Agrostis stolonifera) and annual
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bluegrass (Poa annua) are the primary
putting green turfgrasses. On many
golf courses a mixture of the two
species is common — spanning both
ends of the spectrum. Each species
has its own unique disease concerns,
such as take-all patch in bentgrass and
summer patch in annual bluegrass.
However, turfgrass species also share
in their susceptibility, albeit to varying
degrees, to other diseases like dollar
spot, brown patch, and Pythium blight.

Annual bluegrass is generally recog-
nized to be more susceptible to most
diseases, since it has not benefited
from improvement in formal breeding
programs. Conversely, creeping bent-
grass has undergone breeding improve-
ments since the early 1900s (Bonos
and Huff, 2013). However, the disease
tolerance of early creeping bentgrass
selections was not much better than
the South German bent and race seed
mixtures commonly used on putting
greens at the turn of the 19th century.
It may be surprising to many today that
disease tolerance was not the primary
focus of early bentgrass improvement.
A true emphasis on breeding disease-
tolerant creeping bentgrasses only
developed in the past 15-20 years
(Bonos and Huff, 2013).

CREEPING BENTGRASS

Early bentgrass improvement was
focused on developing uniform, dense
turf that tolerated routine mowing
(Bonos and Huff, 2013). As South
German bent putting greens matured,
spreading patches of dense, fine-
textured turf different from the rest of
the surface developed. The spreading
clones grew from trace amounts of
creeping bentgrass seed contained in
the seed mixture. Selections from par-
ticularly high-quality patches on these
putting greens eventually became the
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first “improved” creeping bentgrass
cultivars (e.g., Arlington, Congressional,
Toronto, etc.). The early “improved”
bentgrasses were vegetatively propa-
gated and readily formed uniform,
dense turf by standards of the early
1900s. However, putting greens estab-
lished with clonal sprigs of the early
cultivars had extremely low genetic
diversity, providing an opportunity for
turf pathogens to rapidly spread under
favorable conditions. For example, golf
courses in the Midwestern U.S. with
Toronto (C-15) and other vegetatively
established creeping bentgrasses
experienced rapid decline when
bacterial wilt (caused by Xanthamonas
campestris) devastated putting greens
during the 1980s.

Further advances in turf character-
istics were made when Penncross —
the first improved, seeded creeping
bentgrass variety — was released in
1954. Penncross had a broader range
of adaptability, tolerating environmental
stress and diseases better than earlier
vegetative cultivars. When Penncross
was developed, putting green mowing
heights typically were 0.25 inch. Over
time, as routine mowing heights
decreased to meet golfer demand for
faster green speeds, Penncross and
other varieties of its era bottomed out
at their physiological limit. Lower mow-
ing heights reduce leaf tissue, photo-
synthesis, and root mass, particularly
in the transition zone (Fagerness and
Yelverton, 2001) and other regions with
high summer temperatures. Fungicides
can effectively control many routine
bentgrass putting green diseases;
however, putting green failures as early
bentgrass varieties were maintained at
lower mowing heights often were due
to physiological summer bentgrass
decline (Huang, 2001).

High-density bentgrass cultivars —
like the Penn A and Penn G series and
L93 — developed in the 1990s and still
widely used today were selected for
improved tolerance to low mowing
heights — i.e., 0.09 to 0.125 inch. The
newer, high-density cultivars also are
better adapted to surviving Summer
Bentgrass Decline. Furthermore, high
shoot density provides excellent uni-
formity for ball roll and resists annual
bluegrass invasion. One drawback to

©2015 by United States Golf Association. All rights reserved.
Please see Policies for the Reuse of USGA Green Section
Publications. Subscribe to the USGA Green Section Record.

some of the newer bentgrass cultivars
is that their high shoot density reduces
surface hardness (Moeller et. al., 2008)
and increases thatch accumulation
compared to Penncross (Stier and
Hollman, 2003). To address this and
to attempt to enhance green speeds,
increased sand topdressing to firm
putting surfaces and dilute thatch
accumulation, along with core cultiva-
tion practices, has become more com-
mon. Creeping bentgrass cultivars from
the mid-1990s were clearly another
leap forward in turf characteristics, but
their disease tolerance was not much
better than that of Penncross. Signifi-
cant improvements in creeping bent-
grass disease tolerance were finally
achieved with the development of
dollar spot-tolerant cultivars like
Declaration in the early 2000s (Bonos
and Huff, 2013).

ANNUAL BLUEGRASS
A highly competitive and adaptable
“weed,” annual bluegrass has been
very successful at colonizing and per-
sisting on putting greens throughout
the temperate climates of the U.S. This
species and its prevalence on putting
greens was documented as early as
1921 by Piper and Oakley, who
described the primary shortcomings of
this grass as having tremendous seed
set under low mowing and annual
reduction in quality as mature tillers,
having produced seed and completed
their life cycle, turn chlorotic and
senesce. In moderate climates of
the West Coast, northern U.S., and
Canada, annual bluegrass stands may
recover as new tillers emerge from
auxiliary buds during early summer.
However, newly emerged tillers typi-
cally have low carbohydrate reserves
and thus are inadequately prepared
to survive the heat and drought of
summer months. Particularly stressful
summers in moderate climates can
deplete annual bluegrass energy
reserves, resulting in turf failure due to
abiotic and/or biotic stresses. In areas
of the transition zone and southern
United States, summer stress routinely
exceeds the species’ physiological
potential, resulting in its annual decline.
Interestingly, Piper and Oakley did
not dismiss annual bluegrass as a
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weed to be eradicated from putting
greens. Rather, they acknowledged
that eliminating annual bluegrass
would likely prove too costly, and its
performance as a putting surface
made it desirable, if only in certain
regions. In the absence of truly effec-
tive means of controlling annual blue-
grass, superintendents over the years
have been resigned to managing this
species much as Piper and Oakley
suggested. Innovations in technology
and better understanding of turfgrass
stress management have improved our
ability to maintain annual bluegrass on
putting greens. However, catastrophic
failures of annual bluegrass due to
weather, disease, and other pests are
still common.

BERMUDAGRASS

PUTTING GREENS

There have been several significant
changes in the use of bermudagrass
for putting greens. The development
of turf-type cultivars was the major
change that resulted in the improved
bermudagrass putting surface quality.
The legendary Dr. Glenn Burton at the
USDA in Tifton, Ga., was responsible
for the release of several bermuda-
grasses that revolutionized golf around
the world. Released by the USDA in
1956, Tifgreen bermudagrass became
very common on many putting greens
in the South. Nine years later, in 1965,
the greatly improved Tifdwarf bermuda-
grass was released, replacing Tifgreen
in many locations. In addition to the
Tifton cultivars, many local bermuda-
grass ecotypes also have been
selected and propagated. However,
the Tifton cultivars were cultured over
the most widespread geographic area.
For many years the cultivar Tifdwarf
remained the standard for bermuda-
grass putting greens, only being
replaced by the selection and develop-
ment of the ultradwarf bermudagrass
cultivars in the late 1990s.

It can be argued that the develop-
ment and adoption of ultradwarf
bermudagrasses was the result of a
“perfect storm” of circumstances. One
factor — the occurrence of off-types
in Tifdwarf greens — caused great
discontent, especially as demands for
better bermudagrass greens increased.
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Figure 1. Relative rooting differences of ultradwarf cultivars compared to Tifdwarf. Photo by S. B. Martin.

An off-type could be caused by con-
tamination, mutations (a natural phe-
nomenon), or a combination of causes
that results in a grass that is not true to
type when compared with the original
cultivar. Also, as golf in the U.S.
boomed during the 1990s and early
2000s, the demand for improved
putting conditions — i.e., speed and
consistency — increased the need for
improved grasses. To satisfy golfer
demands, superintendents were push-
ing the envelope and mowing lower. In
some environments, such as the rainy,
cloudy coastal states along the Gulf of
Mexico, a condition developed known
as “bermudagrass decline.” The
demethylation inhibitor (DMI) fungi-
cides that are very useful for managing
root-rot diseases of cool-season
grasses were damaging bermuda-
grass, especially when applied at sum-
mertime temperatures of 90 degrees
Fahrenheit or warmer. Therefore, the
common refrain for controlling ber-
mudagrass decline was to raise the
height of cut and avoid DMI fungicides.
Generally, more leaf area benefits root
development and survival.

The other factor that fueled the need
for ultradwarf bermudagrass greens —
at least in hot, humid Transition Zone
environments — was the expense and
risk of managing high-quality bentgrass

©2015 by United States Golf Association. All rights reserved.
Please see Policies for the Reuse of USGA Green Section
Publications. Subscribe to the USGA Green Section Record.

putting greens. One can debate whether
climate change due to man-made
causes is real or not, but record-break-
ing heat in many southern locations
definitely increases the challenge of
growing bentgrass. While there are
many examples of excellent bentgrass
greens in heat-challenged areas, there
is no doubt that prolonged high tem-
peratures weaken the plant and make
it more susceptible to stresses of all
types — including disease.

Of high significance to pest manage-
ment is the fact that the sterile, inter-
specific hybrid bermudagrasses —

i.e., crosses of Cynodon dactylon x

C. transvaalensis — were, and are,
vegetatively propagated in field soil or
sand-based rootzones. Soil and plant
material can harbor pathogens, includ-
ing damaging plant-parasitic nema-
todes. However, fumigating field sites
and planting fields with Foundation
Certified plant material reduce the
chance of high-level pathogen occur-
rences during early stages of establish-
ment. As fields age, however, the
chance of pathogens being introduced
and proliferating is inevitable. Likewise,
the chances of off-types occurring in-
crease and, if off-types hide in grower
fields, they can become abundantly
clear when planted and cultured on
highly maintained putting greens. The
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ultradwarf grasses now have been
commercially cultured on greens for
up to 18 years, explaining why the
occurrence of off-types commonly is
discussed. Sometimes, off-types react
differently to both natural and man-
made environmental changes, causing
color and texture differences, tearing
during verticutting, and potentially
different responses to pathogenic fungi
like leaf spot diseases.

Generally, the adoption of ultradwarf
bermudagrasses has been very suc-
cessful. In the hands of skilled super-
intendents, ultradwarf bermudagrasses
make outstanding putting surfaces.
Many conversions from older bermuda-
grass cultivars or bentgrasses to one
of the ultradwarf cultivars have taken
place in the southern U.S. and well into
the cooler Transition Zone. Superinten-
dents and others have had to adapt
cultural and maintenance practices to
accommodate the newer ultradwarf
cultivars. For instance, when planted
on sandy rootzones with relatively high
water infiltration rates, turf will be more
prone to drought. Because the ultra-
dwarf bermudagrasses — including
TifEagle, Champion, and MiniVerde —
generally have a shallower root system
than Tifdwarf, the risk of drought and
localized dry spots is greater on ultra-
dwarf greens (Figure 1). Furthermore,
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when root-active pathogens like
Gaeumannomyces graminis var.
graminis — a pathogenic component
of bermudagrass decline — or plant-
parasitic nematodes are present, the
reduced root system of ultradwarf
bermudagrasses becomes a liability
that must be recognized. Even dis-
eases that are active on leaves — like
dollar spot and leaf spot (Bipolaris
cynodontis) — can be more prevalent
when rootzones are dry and nutrient
uptake is reduced. To improve the per-
formance of ultradwarf bermudagrass
cultivars with shallow root systems,
consider using rootzone mixes that
hold moisture and nutrients a little
more firmly. A rootzone mix containing
3-5 percent field soil by volume can be
effective as long as soil tests show
that drainage is not compromised. At
Clemson, a research green was built in
sections with sand and sphagnum peat
combinations: 85 percent sand/15
percent peat with a 35-mesh sand; 85
percent sand/15 percent peat with a
65-mesh sand (i.e., much smaller
particle size distribution), or 95 percent
sand/5 percent peat with 35-mesh
sand. The 95 percent sand/5 percent
peat with 35-mesh sand mix had a
hydraulic conductivity of greater than
18 inches per hour and, after establish-
ment, showed a much higher incidence
of dollar spot and leaf spot than the

other mixes (Figure 2). The 65-mesh
sand mix had an initial hydraulic con-
ductivity of about 12 inches per hour
and exhibited the least amount of
disease. Similar results have been
observed as the putting green matured.
What about the disease susceptibility
of ultradwarf bermudagrasses? There
are no studies comparing the occur-
rence and severity of diseases in ultra-
dwarf bermudagrasses compared to
the older cultivars. However, it would
be like comparing apples to oranges,
as the context of management is com-
pletely different. Some management
practices routinely used on putting
greens today increase the susceptibility
of turf to various diseases — like mow-
ing ultradwarf bermudagrasses at very
low heights, e.g., 0.09 inch. Older
bermudagrass cultivars were not as
tolerant of extremely low mowing
heights — 0.188 inch was low for
Tifgreen, and 0.156 inch was con-
sidered too low for continuous mowing
of Tifdwarf — and bermudagrass
decline was promoted when bermuda-
grass greens were mowed at or below
0.156 inch. Aerating to remove thatch
is still considered a necessary practice,
but frequent topdressing to dilute
thatch has increased. Generally, super-
intendents topdress ultradwarf ber-
mudagrass putting greens more fre-
quently — as often as weekly during

Figure 2. High leafspot and dollar spot disease in ultradwarf bermudagrass growth
in drought-prone mix versus a typical USGA rootzone. Photo by S. B. Martin.

©2015 by United States Golf Association. All rights reserved.
Please see Policies for the Reuse of USGA Green Section
Publications. Subscribe to the USGA Green Section Record.

Page 4

the growing season — and with
smaller sand particle sizes than with
Tifdwarf greens. Frequent topdressing
is considered necessary to maintain
surface firmness and prevent scalping
at low cutting heights because ultra-
dwarf bermudagrasses are prolific
producers of thatch. Finer topdressing
materials also are utilized so the sand
can be efficiently incorporated in the
surface. However, more research is
needed to understand the long-term
consequences of routinely using fine
topdressing sands. Fertilization levels
have decreased in practice and likely
are lower on average than most
university agronomists recommend —
i.e., generally about 0.25 pound of
nitrogen per growing week. Growth
regulators, like trinexapac-ethyl, help
conserve nutrients, but remember that
mobile nutrients like nitrogen and
potassium still can be depleted in
sandy rootzones that drain. When
nutrients are limiting, turfgrass plants
can become more susceptible to
certain diseases. Furthermore, the
ability for turfgrass to recuperate from
disease outbreaks is reduced when
essential plant nutrients are limiting.
Remember, in sandy rootzone mixes,
mobile nutrients are more mobile.

ULTRADWARF
BERMUDAGRASS PUTTING
GREEN MANAGEMENT
Countless articles have highlighted the
consequences of intensifying manage-
ment practices to chase putting green
speed expectations. Practices like
ultralow mowing, reduced nitrogen
fertility, frequent sand topdressing, and
sand-based rootzone construction
make disease management in creep-
ing bentgrass, annual bluegrass, and
ultradwarf bermudagrasses a funda-
mental consideration. Evolving man-
agement practices over the past 25
years have had a profound effect on
turfgrass disease in cool- and warm-
season turfgrass systems. The list

of potentially damaging turfgrass
diseases is long and beyond the scope
of this article. The following sections
will highlight the most prevalent dis-
eases currently affecting cool- and
warm-season putting greens, empha-
size how changes in host and manage-
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Figure 3. Dollar spot on a bentgrass putting green. Photo by J. C. Inguagiato.

ment have influenced disease incidence
and discuss best management
practices.

DISEASES OF CREEPING
BENTGRASS AND ANNUAL
BLUEGRASS PUTTING GREENS

DOLLAR SPOT
Arguably, every golf course in the
northern U.S. experiences dollar spot
outbreaks each year. Today, routine
fungicide applications typically keep
dollar spot outbreaks from becoming
devastating. Thus, the threat of losing
large areas of turf to dollar spot is low;
however, the resources invested in the
chemical and cultural control of this
persistent disease make it a very
important issue on cool-season
turfgrasses.

Dollar spot has always been a prob-
lem on golf course playing surfaces
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(Figure 3). Monteith and Dahl described
dollar spot and its management in
1932, their text serving as one of the
earliest reviews of the biology and
management of turfgrass diseases.
Surprisingly, the causal agent of dollar
spot — Sclerotinia homoeocarpa —
would not be identified for another five
years. Interestingly, the recommenda-
tions made by Monteith and Dahl for
dollar spot control are much the same
as those advocated today: “the
judicious use of fertilizer and water and
resistant strains of grasses.” Monteith
and Dahl even suggested removing
morning dew to manage dollar spot. In
some respects, it would appear that
the cultural management of dollar spot
has not evolved much in the past 80
years. Fortunately, there have been
many effective fungicides that have
provided good control of dollar spot
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over the years. However, dollar spot
continues to plague golf courses and,
for some, the disease has become
more difficult to control due to numer-
ous factors. However, two factors are
particularly relevant to recent trends in
disease management — managing for
green speed and the routine use of
fungicides with single-site modes of
action.

Reducing mowing height and
minimizing nitrogen fertility are often-
used strategies to meet golfer demands
for fast green speeds. The trend of
reducing annual nitrogen rates over
the past 40 years from 6-7 pounds of
nitrogen per 1,000 square feet to as
low as 1.5 pounds of nitrogen per
1,000 square feet has impacted putting
green performance in many ways. Low
nitrogen fertility enhances turfgrass
susceptibility to dollar spot. The impact
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