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Plots with better turfgrass quality were treated preventatively with either mancozeb (Dithane T/O or Fore) or
chlorothalnil (daconil 2787) fungicides at 14-day intervals.
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The two most common types of terrestrial algae are green
algae, often called true algae, and blue-green algae. The latter are
actuallyatype ofbacteriaand arealso referred to as cyanobacteria.
In general, the blue-green algae appear to be the predominant
species associated with bermudagrass putting greens and tees in
the southeastern U.S. A preliminary survey of putting greens in
south Florida demonstrated that the dominant blue-green algae
species were Oscillatoria, Lyngbya, and Nostoc. This was also
found tobe true on bermudagrass greens in Mississippi (Maddox
and Krans, 1991). In general, the algal species associated with
aquatic environments, such as lakes and waterways on the golf
course, are not the same species associated with the greens and
tees.

There are two types of algal problems on putting greens and
tees, surface algae and the “black layer” phenomenom. “Black
layer” is a more complex problem that includes not only blue-
greenalgaebutalso sulfur- reducingbacteria and specificanaero-
bic soil conditions created in the soil. The controls for black
layer are quite different from controls for the algal slime or
crusts observed on bermudagrass putting greens surfaces. The
research discussed below was conducted on surface algae as that
appears to be the primary problem observed in Florida.

Algaeare not plant pathogens. They do not infect (penetrate)
the turfgrass plant and cause a disease. If the algae population

increases significantly, they will “slime” the turfand create thin
to thick crusts on the soil surface, but they have not physically
attacked the turfgrass. While it is possible that blue-green algae
produce toxins which may inhibit turfgrass growth, this has not
been proven to date. In most cases, itappears that thealgal crusts
are simply preventing the bermudagrass from physically grow-
ing into this area.

Why do blue-green algae “bloom” on putting greens? Be-
cause we (Mother Nature and humans) provide them with the
perfect environment. By mowing the putting greens extremely
short, especially in the summer months, the soil where the algae
live all year is exposed to sunlight. Add in excessive rainfall or
irrigation, frequent nitrogen applications and a high soil surface
pH and an ideal breeding spot for blue-green algae is created.

You must determine the cause of the algal problem before
you attempt to fix it. The cultural controls are fairly obvious -
dry out the soil surface, break up the algal crusts and alter
management or environmental factors which are conducive for
algae development. A shady area that never dries out is a perfect
place for algae. Document the problem with pictures and facts
to convince the management or membership that the landscape
needs to be altered.

The weather cannot be controlled, but it is possible to alter
irrigation practices that may be contributing to the problem.
Thealgal crusts can be broken by spiking, verticutting, aerifying,
hand-raking or any other method that physically disturbs the
crusts. Drying out the soil surface can be difficult, especially
duringasummer with above normal rainfall. Light topdressings
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Research Table 1.

Fungicide use to control blue-green algae (cyanobacteria), before the algae develop (preventatively) and after they develop (curatively) on the
FGCSA bermudagrass putting green at the Fort Lauderdale R.E.C

1993 Quality Scores* 1994 Quality Scores*

Treatment/Formulation* Rate per Spray Preventative ~ Curative Preventative Curative
1000 sq ft Interval

Daconil 2787 90% WDG 3.5 oz 14 days 5.9 bc 52b 5.5a 32b
Daconil 2787 90% WDG 3.5 oz 28 days 5.3d NT 4.4c NT
Daconil 2787 90% WDG 6.5 oz 14 days 6.5a 5.5 ab 5.5a 38a
Daconil 2787 90% WDG 6.5 oz 28 days 5.6 cd NT 4.6 bc NT
Dithane T/O  75% DF 6.0 oz 14 days 6.6 a 6.0a 55a 3.6 ab
Dithane T/O  75% DF 6.0 0z 28 days 6.1b NT 49b NT
Dithane + CS-7 75% DF 6.0 oz 14 days 6.5a 5.8 ab NT NT
Dithane + CS-7 75% DF 6.0 oz 28 days 6.5a NT NT NT
Dithane M-45 80% WP 6.0 0z 14 days NT NT 55a 3.6 ab
Fore 80% WP 6.0 oz 14 days NT NT 55a 3.5ab
Algaen-X 20% L 4.2 fl oz 14 days 43e NT 39d NT
Algaen-X 20% L 12.5fl oz 14 days 39f NT NT NT
Control 4.3 ef 41c 39d 26¢c

*Daconil 2787: ISK Biosciences chlorothalonil; Dithane T/O, Dithane M-45, Fore: Rohm & Haas formulations of mancozebAlgaen-X: Scotts
(Grace-Sierra) quaternary ammonium salts; CS-7 is a spreader-binder surfactant that was added at the recommended rate of 1 pint per 100

gallons of fungicide solution.

Preventative applications were made on 14 day and 28 day intervals and were initiated before algae had developed. Curative applications,
applications made after the blue-green algae were already present, were made on 14-day intervals only.

*Quality scores are based on color and density using a scale of 1 to 10 (best quality). Values are means of four replicate plots for nine (1993) or
10 (1994) rating dates. Means in the same column followed by the same letter were not significantly different (P=0.05) according to Waller-

Duncan k-ratio t-test.
NT=not tested.

of root-zone mix will help absorb some
of the moisture and will physically mask
the problem areas. However, during the
rainy season, it may require more than
cultural controls to prevent a blue-green
algae problem.

While some superintendents have
used adilutebleach solution (ex: Chlorox)
for algal control, the product does not
have a legal turf site pesticide label. Cer-
tain fertilizer materials, copper sulfate
and hydrated lime, have been recom-
mended for algal control. Copper sulfate
has a tendency to burn closely mowed
turfgrass - especially if the wrong formu-
lation is used. Hydrated lime is effective
in initially dessicating (drying out) the
algal layer, but it also helps to create an
ideal environment for blue-green algae
because it increases the soil surface pH. If
the root rot disease Bermudagrass De-
cline is active, the hydrated lime will in-
crease disease activity as this fungus pre-
fers the high soil pH also.

In 1991 when preliminary studies on

blue-green algal control were initiated,
the only legal chemical control for algae
was the fungicide mancozeb (ex: Rohm
& Haas Fore, DuPont Manzate 200,
LESCO 4 Flowable Mancozeb). While
there is nothing wrong with having only
one chemical for control of an organism,
it makes plant pathologists like myself
very nervous since this would be an ideal
situation for chemical resistance to de-
velop within a population. There was
also some concern at that time that this
fungicide chemical group would be re-
moved from the market. That would have
left the golf course community without a
legal chemical control product. This was
the motivation for initiating this research
project.

The two most likely fungicide candi-
dates for algal control at that time were
anilazine (ex: Dyrene) and chlorothalonil
(ex: Daconil 2787) because these prod-
ucts had been or were still being used in
paints for inhibiting algal growth.
Anilazine was not included in the study

since it was not expected to be manufac-
tured, and so available for use, in the
near future. Quaternaryammonium salts
(e.g. Algaen-X) were evaluated begin-
ning in 1993.

Materials and methods

The experimental site for the chemi-
cal trials in 1991-1994 was the FGCSA
Research Green located at the Fort Lau-
derdale Research and Education Center.
The ‘Tifdwarf was cut 6 days a week at 3/
16 inch. During the summer cycle (May
through October), the green was fertil-
ized with 1/2 Ib. nitrogen per 1000 sq. ft.
every two weeks using a slow release
fertilizer source. No other chemical pes-
ticides were applied as a broadcast treat-
ment. If necessary, Bacillus thuringiensis
(Bt formulated as DiPel) was used to
control sod webworms, and spot appli-
cations of Dursban insecticidal bait were
used for mole cricket control.

To increase algal development, the
experimental site wasirrigated twice each
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Over the four-year period, various fungicide treatments were examined...

day (10 AM and 4 PM) for 7 minutes,
even on days when it rained. No cultural
controls were utilized in these studies, so
the area was not verticut, aerified or
topdressed during the study periods (July-
October) each year. This method was
utilized to insure that the fungicides were
being evaluated under moderate to se-
vere environmental conditions for algal
development. In other words, a
superintendent’s worst nightmare come
true!

Over the four-year period, various
fungicide treatments were examined but
Dithane (75% mancozeb DF; the labeled
rate) and Daconil 2787 (90%
chlorothalonil WDG; two rates) were al-
ways examined each year as preventative
treatments applied at 14 day intervals. In
other words, after the first application of
fungicides was made, the twice daily irri-
gation cycles were initiated. In 1993 and
1994, these fungicides were also exam-
ined as: (a) preventative treatments ap-
plied at 28 day intervals, and (b) curative
treatments applied at 14 day intervals in

which the fungicides were not applied
until the algal population had increased
substantially. Other treatments during
the four year period included quaternary
ammonium salts (ex: Algaen-X), maneb,
Dithane (mancozeb) with a surfactant,
and three different formulations of
mancozeb.

The fungicides were applied in 3-5
gallons water per 1000 sq. ft. using a
backpack CO2 sprayer and boom with 40
psi pressure at the handle and stainless
steel 8002 Tee Jet nozzles. Deionized wa-
ter was used to eliminate any interaction
due to water source, especially pH effects.
The 3 gallon rate was used for all fungi-
cide treatments except the Algaen-X
which was applied in 5 gallons water ac-
cordingto the label and information sup-
plied by the company (Grace-Sierra) in
1993. Each plot was 25 sq. ft., and each
treatment was replicated four times.

Results and discussion
The rate at which the algae developed
differed between years, primarily due to

the precipitation received during each
study period. Plots were rated for quality
(color and density) and amount of algae
present in each plot. Only quality scores
are presented as they are the most accu-
rate assessment of fungicide effect since
some products were phytotoxic. Thearea
used for this experiment was of limited
size, so it was impossible to use every
treatment every year. Results for 1993
and 1994 are presented in Table 1. Dur-
ing July through September, the FLREC
received 25 inches of rain in 1993 and 39
inches of rain in 1994. Except for Dithane
M-45, only data for products with legal
turfsite labels are presented. One note on
interpreting the table, values in a single
column followed by the same letter are
NOT statistically different.

Prevention or reduction in algal de-
velopment was consistently observed
when chlorothalonil (both rates) and
mancozeb (thelabeled rate) were applied
at 14 day intervals AND treatments were
initiated at the time the environmental
pressure for algal development increased

ullivan

(407)588-5886

lectric & Pump, Inc.

EMERGENCY SERVICE.
COMPLETE CRANE SERVICE.

INHOUSE PUMP REPAIR FACILITY.
MOTOR REPAIR AND REWIND FACILITY.

« EPS LANDSCAPE PUMP?TATIONS.
*» EPS HYDRAULIC PUMP STATIONS.
* WESCO FOUNTAINS.

* CLAYTON VALVES & PARTS.

* WESSELS HYDROPNEUMATIC TANKS.
* SELF CLEANING INTAKE SCREENS.

PREVENTATIVE MAINTENANCE PROGRAMS.

TOTALLIGHTNINGPROTECTIONAND INTERFACES
INSTALLER.

UNDER WATER WETWELL AND INTAKE CLEANING AND REPAIR.
s
LICENSED & INSURED ELECTRICAL CONTRACTORS.

* THOMPSON LIGHTNING PROTECTION EQUIPM

* VERTICAL TURBINE PUMPS.

* CENTRIFUGAL PUMPS.

* REPLACEMENT MOTORS. b,
» CUSTOM CONTROL PANELS, ETL LISTED . e

"Servicing South Florida”

SPRING 1995

79



RESEARCH

Prevention or reduction of algal growth
possible with timed application of fungicide...

(i.e., initiation of twice daily irrigation).
In both years, these treatments were sig-
nificantly better than the control treat-
ment (no fungicides). The use of a sur-
factant with mancozeb and the different
mancozeb formulations did not increase
or decrease its overall effectiveness.

When these products were used at 28
day application intervals, the fungicide
treatments still provided better quality
than the control but usually had signifi-
cantly less quality compared to the 14 day
application treatments. As can be seen in
the graph, the turfgrass quality would
increase after a fungicide application and
then slowly decrease over the 28 day pe-
riod. With the 14 day application inter-
val, the quality was more uniform over
time.

When the fungicide applications were
initiated after algae had developed (cura-
tive treatments), the quality of the treated
plots was still better than the control but
did not equal the preventative fungicide
treatments. This was especially evidentin

1994 when the environmental conditions
were quite conducive for algal growth.

The 90% WDG formulation of
Daconil 2787 was utilized throughout
the four year period for consistency dur-
ing the overall study. When you are work-
ing with small plots, dry formulations are
much easier to measure than flowable
materials. This formulation hassincebeen
replaced with an 82.5% SDG formula-
tion. Check the Daconil 2787 labels for
the current legal use rates.

Mancozeb fungicides are one of the
very few fungicides that have a label stat-
ing that use of a surfactant may increase
efficacy. There did not appear to be a
strong advantage in this particular study.
Daconil 2787 should not be mixed with a
surfactant as one is already part of the
formulation. A minimum of 2 gallons
water per 1000 sq. ft. should be used to
mix all fungicides. (Yes, the labels do
state this!!) I used 3 gallons in this study
because I wanted to be sure the fungi-
cides came in contact with the algae. Re-
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member, you want to stop algal growth.
The algae are not growing on the leaf
surface but on the soil surface!

Different mancozeb formulations
were evaluated as some superintendents
believed they observed better efficacy with
mancozeb formulations containing the
blue dye. Dithane T/O and Dithane M-
45 (which is not labeled for turf) do not
contain the blue dye that Fore contains.
Dithane M-45 was used because its for-
mulation is more similar to Fore than
Dithane T/O. No differences were ob-
served between these formulations.

There has been some concern about
using mancozeb products, which con-
tain zinc, due to soil test reports that
indicate the soil contains an “excessuve”
amount of zinc. The word “excessive” is
misleading. Usually, soil zinc levels over
20-60 mg/kg soil are considered exces-
sive, especially when you consider that
turf normally only needs a few mg to
satisfyits nutritional requirements. How-
ever, turfgrasses can tolerate much higher
soil zinc levels. A study by Spear and
Christians (1991) on bentgrass demon-
strated that even at zinc soil levels 0of 4000
mg/kg, there was no consistent plantdam-
age. I am not aware of any reports of zinc
toxicity of bermudagrasses used on golf
courses.

Quaternary ammonium salts for use
on turfgrass sites are sold under the trade
names Algaen-X and Consan Triple Ac-
tion 20. There hasbeen considerable con-
fusion regarding the appropriate use of
these products, primarily because the la-
bel itself is confusing and information
provided by one company was inconsis-
tent with the label. In 1993, two rates
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were used in the minimum amount of
water permissable by the label - 5 gallons
per 1000 sq. ft.

The high rate was distinctly
phyototoxic to the bermudagrass. The
low rate also caused some phytotoxicity
but was not consistent in this character-
istic. The product did not prevent the
development of blue-green algae. This
was not expected as it is strictly a curative
product. However, even after the blue-
green algae developed, there was no ob-
servable algal control in either 1993 or
1994.

Summary

1. Both chlorothalonil and mancozeb
were effective for controlling blue-
green algae on bermudagrass put-
ting greens.

2. The chlorothalonil rate required for
control will depend on the level of
algae present and environmental
conditions. -

Prevention of blue-green algae with fungicide treatments. Mancozeb fungicide
(left) vs. control with no fungicide (right).
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3. The application intervals used for
chlorothalonil and mancozeb will
vary with environmental condi-
tions. During periods of high stress,
the 14-day interval will probably
be most effective.

4. There were no differences in turfgrass
quality between different formula-
tions of mancozeb or in the use of
a surfactant with mancozeb.

5.Quaternaryammonium salts were not
effective under the conditions used
for evaluation in this study. Re-
search at Texas A&M indicates
these products are only effective
when they are used as drenches.

6. Initiate use of the fungicides before or
shortly after a weather pattern is
established that is conducive for
algal development. Do not wait
until there is a significant algal
population on the turf area to
intiate treatments.

7. Never, ever start a fungicide pro-
gram without initiating cultural
control practices also! Use good
integrated pest management strat-
egies and safe chemical practices
for controlling blue-green algae on
the golf course.
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