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Oscillatoria:  Scum of the Earth 
 
by Larry Stowell, Ph.D. and Wendy Gelernter, Ph.D. 
 
The conventional view of Oscillatoria, one of the 
organisms present in the scum that sometimes forms 
on the surface of golf course greens, is that it is a 
secondary problem on turf -- a by-product of poor 
cultural practices (improper irrigation, poor drainage, 
low mowing heights, compaction) and/or too much 
shade.  However, based on recent work conducted at 
PACE, we have come to view Oscillatoria in a very 
different light -- as a primary plant pest that is the 
direct cause of mottled and chlorotic turf, as well as 
turf thinning, especially on greens height turf.  This 
PACE Insights will describe how this shift in our 
thinking about Oscillatoria has occurred, and what 
the management practices are for its control. 

Background:  Oscillatoria belongs to a group of 
microorganisms that can utilize sunlight, water and 
CO2 (carbon dioxide) to produce carbohydrates and 
oxygen.  The members of the Oscillatoria genus are 
classified in a larger group known under a variety of 
different names -- the cyanobacteria, the blue-green 
bacteria or the blue-green algae.  For the purposes of 
this article, we will refer to Oscillatoria as a blue 
green alga.  The blue-green algae show up in the 
fossil record between three and four billion years ago.  
Before the evolution of these photosynthetic algae, 
there was little oxygen in the Earth’s atmosphere.  
Following their arrival on the scene, the atmosphere 
became oxygen-rich as a result of photosynthesis 
and the production of oxygen.  These blue-green 
algae have the same photosynthetic enzyme systems 
that modern plants have in their chloroplasts.  In fact, 
evolutionary theorists believe that a symbiotic 
combination of bacteria and blue-green algae to form 
a multi-celled “organism” may be the origin of modern 
higher plants.  These crafty blue-green algae have 
been around for eons and although they are simple in 
structure and function, they are highly capable 
survivalists that occur in almost all habitats including 
soil, fresh water, salt water and even in the air.  They 
can withstand desiccation extremely well, with many 
species found growing on rocks, in the desert, and on 
dry soil (this blasts the theory that algal growth is the 
result of wet conditions alone, since heavy moisture 
is not necessarily required for growth and survival) 
and can withstand both high temperatures (some 
grow in hot springs at temperatures up to 125° F) and 
low temperatures (some grow in the frigid lakes of 
Antarctica).  Their growth is limited primarily by their 
need for light. 

Diagnoses:  Prior to 1997, disease samples received 
at PACE were frequently observed to contain 
filamentous algae, but the algae were always seen in 
combination with other stresses such as high salinity, 
anthracnose, summer patch, take-all patch and other 
diseases.  For this reason, the algae were seldom 
considered to be the primary cause of turfgrass 
decline.  But this year was different. 

In 1997, we received several samples where algae 
were the only significant microbe observed on 
damaged turf.  So, why was 1997 a year when algae 
appeared to be the primary cause of turf damage, 
and not just a secondary effect due to poor cultural 
practices?  First of all, superintendents have made a 
great deal of progress in dealing with soil salinity.  
We received very few samples this year at PACE 
with high soil salts.  Secondly, the introduction of new 
products such as Banner Maxx and Heritage resulted 
in dramatic reductions in the frequency of 
anthracnose and summer patch.  With the most 
difficult to manage problems under control, the role of 
Oscillatoria in causing turf damage became more 
obvious. 

 

Figure 1.  Two trichomes of Oscillatoria magnified 
about 200 times.  Hundreds and even thousands of 
trichomes can be seen on an affected turfgrass plant. 
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Symptoms:  The symptoms of algal attack by 
Oscillatoria begins with mottled chlorotic areas of turf, 
followed by thinning of the turf after several weeks.  
Broad spectrum fungicides such as Heritage have no 
effect on the symptoms.  When cup cutter samples 
containing small (approximately one inch diameter) 
chlorotic patches are incubated in the laboratory 
overnight, the chlorotic plants are covered with 
filamentous blue-green algae by morning.  When 
these incubated samples are viewed with a hand 
lens, the leaf tips are darkened by the accumulation 
of algae.  The surrounding green plants are healthy 
and only the plants that have the algae covering the 
leaf tips are chlorotic.  These samples were from new 
bentgrass greens from coastal California and from 
desert courses in Tucson, Arizona.  It is notable that 
these samples were not from shaded, compacted, 
high salinity, or otherwise stressed turf areas, as 
would have previously been assumed with algal 
infestations. 

Management:  To confirm that Oscillatoria was the 
problem on our damaged turf samples, chemical 
treatments labeled for control of algae were tested to 
determine whether application would control the 
symptoms and eliminate the algae.  In two locations, 
superintendents established non-treated check plots 
by placing 4x8 ft plywood boards on the same area of 
the green prior to weekly application of Daconil 2787 
at 8 – 11 oz/1000 sq ft.  Control of the chlorotic and 
thinning symptoms was observed after three weekly 
applications of Daconil 2787 (one or two applications 
of Daconil 2787 did not produce the desired results).  
Following the third application, samples were 
submitted from the Daconil 2787-treated areas and 
the damaged non-treated areas.  We found no algae 
or fungal pathogens from the Daconil 2787 treated 
areas.  Likewise, no fungal pathogens were observed 
on the chlorotic areas of the non-treated turfgrass.  
Only Oscillatoria was observed attacking the foliage 
of the damaged, non-treated turf.  Based on this 
information, is Oscillatoria a pathogen of turfgrasses?  
The answer follows. 

Movement of Oscillatoria:  One of the critical 
features of Oscillatoria that makes it a problem in low 
mowed turfgrasses is its ability to move.  As reported 
in the scientific literature, the filaments of Oscillatoria 
cells, technically called trichomes (see Figure 1), 
have been clocked at speeds of 11 micrometers per 
second, which is equivalent to 1.6 inches per hour 
(Staley, 1986).  The Oscillatoria strain that we 
isolated from bentgrass in California is not quite the 
speed demon that has been reported in the literature.  
Our California turfgrass isolate slithers along at about 
1.7 micrometers per second (0.24 in/hr).  It would 
therefore take this strain of Oscillatoria more than 4 

hours to climb up a ½ inch tall turfgrass plant 
(assuming a distance of ½ inch between the soil 
where the Oscillatoria begins it's trek, and the base of 
the plant, and another ½ inch between the base of 
the plant and the tip of the plant).  More than 12 
hours will be needed to reach the top of a 3 inch tall 
turf plant.  For a low mowed (1/8 inch) bentgrass 
green it will take over 2 hours for Oscillatoria to reach 
the top of the plant. 

Why does Oscillatoria move?  The requirement of 
Oscillatoria for light is the answer.  It appears that this 
alga, although it needs light to survive, prefers low 
light levels.  Therefore, when light intensity is low 
(dusk), the alga will move up the plant and out of the 
shade to seek light.  However, as the day progresses 
and sunlight becomes more intense, the alga will 
move down the plant and towards the soil to avoid 
strong sunlight.  This type of response to light is 
known as phototropism (movement toward or away 
from light).  It is because of this phototropism that 
one of the most diagnostic symptoms for Oscillatoria 
(accumulation of the algae at the leaf tips) is rarely 
seen by turf managers -- during the daytime, the alga 
is shading itself from the sunlight and is present 
primarily near the soil surface.  It is only when the turf 
is incubated in the dark overnight that the signs of an 
Oscillatoria infestation become obvious. 

Production of toxins by Oscillatoria:  The 
presence of Oscillatoria on turf foliage is by itself not 
a damaging situation.  However, if Oscillatoria were 
to produce a phytotoxic compound or enzyme that 
attacks the plant, damage would likely result.  A 
search of the literature reveals that this is indeed the 
case.  Chauhan et. al. (1992) reported the discovery 
of an antibiotic produced by Oscillatoria that attacks 
photosystem II (PS II) in intact plant cells (PS II is a 
part of the process of photosynthesis, and is also the 
site of attack by the herbicide atrazine).  Wheat, black 
gram, gram, coriander and mustard were all tested 
and damaged to varying extents by this toxin from 
Oscillatoria.  However, the toxin only worked when 
applied directly to the foliage and was not active 
when applied to the soil.  Chauhan et. al. speculated 
that the lack of soil activity may be due to the 
hydrophobic (water repelling) nature of the toxin, 
which  causes adsorption to soil particles (and 
unavailability to roots) and/or that the plant roots may 
be unable to absorb the toxin.  

But how exactly does the toxin get inside the plant?  
In the case of turfgrass, the easiest points of entry to 
the interior of the leaf are through cut leaf tips, 
stomates or hydathodes (pores at the tip of the plant 
that discharge water from the inside of the leaf to the 
surface of the leaf during the night). If this is the case, 
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then it is necessary for the Oscillatoria to reach the 
leaf tip to cause damage.  Why is this so important?  
We believe that the slow movement of Oscillatoria, 
combined with the production of toxins that can enter 
the plant primarily through the leaf tip, explains why 
this alga is primarily a problem of low mown turf.  
Think about it.  It takes the Oscillatoria more than 12 
hours to reach the top of a 3 inch tall turf plant (see 
above), but since it avoids full sunlight, it will probably 
never reach the tip and do its damage.  It will instead 
turn around and head back towards the soil to seek 
shadier conditions before it ever gets to the leaf tip.  
In contrast, for lower mown turf, Oscillatoria can 
reach the leaf tip in a few hours, secrete its toxins, 
and return towards the soil before it gets too sunny.  
In fact, increasing the mowing height is one of the 
recommended procedures for controlling algae in turf 
(Elliott, 1995).  Elliott's recommendation is based 
solely on the concept that higher mown turf is less 
stressed, and therefore more likely to resist algal 
infestation.  Based on our work, we would add to her 
recommendation that higher mown turf resists algal 
infestation also because the algae don't move fast 
enough to reach the leaf tips in time to cause 
damage. 

Production of iron chelators by Oscillatoria:  
Oscillatoria may cause additional problems for 
turfgrass foliage by robbing it of an important nutrient 
-- iron.  In the realm of aerobic (oxygen loving) 
organisms, iron is a critical element for moving 
electrons (energy) around within the cell.  Without 
iron, aerobic organisms will perish.  This critical 
requirement for iron has caused many organisms to 
evolve mechanisms, for example production of iron 
binding siderophores, for chelating and capturing iron 
from the environment. 

Brown and Trick (1992) found that Oscillatoria tenuis 
manufactured two siderophores, one produced in 
moderately low iron containing environments and a 
second that was produced in iron starved 
environments.  Once Oscillatoria moves onto the leaf 
surface, there is a possibility that siderophores 
produced by the alga can scavenge iron from the leaf 
resulting in a chlorotic plant and impaired 
photosynthesis. 

Oscillatoria and black layer:  In addition to the 
possible direct interaction between the Oscillatoria 
and the leaf, the blue-green algae can also plug the 
soil surface preventing water percolation and 
enhancing black layer.  Hodges (1992) clearly 
demonstrated that the blue-green algae alone do not 
cause black layer but in combination with other soil 
microbes can stimulate black layer.  In fact, without 
the blue-green algae, black layer did not form even 

though soil bacteria were present.  The blue-green 
algae greatly reduced water infiltration.  Even if the 
blue-green algae were not responsible for direct 
damage to the turf as described in the toxin 
production and iron chelation sections above, the 
negative impact on water infiltration may be sufficient 
to warrant development of a management program. 

Summer bentgrass decline:  Control of summer 
bentgrass decline has been a topic of research for 
several years.  The most common treatments include 
application of Aliette plus a contact fungicide such as 
mancozeb (Fore, Dithane, Protect t/o) or 
chlorothalonil (Daconil 2787) every 14 days.  It is 
interesting to note that both mancozeb and 
chlorothalonil are effective for control of the blue-
green algae.  Is it possible that these treatments are 
reducing the population of blue-green algae that can 
greatly influence the quality of low mowed golf course 
greens?  In other words, is blue-green algae partly 
responsible for the rather mysterious syndrome 
known as summer bentgrass decline?  Although 
control of the blue-green algae may not be the only 
reason these treatments improve bentgrass vigor, it 
is likely that control of blue-green algae is 
contributing to the control of summer bentgrass 
decline. 

Is Oscillatoria a pathogen?  Plant pathologists have 
tried to avoid labeling algae as pathogens even 
though there is sufficient evidence to support their 
role in the decline of plants.  According to Agrios: 
“Pathogens may cause disease in plants by (1) 
consuming the contents of host cells upon contact; 
(2) killing or disturbing the metabolism of host cells 
through toxins, enzymes, or growth-regulating 
substances they secrete; (3) weakening the host by 
continually absorbing food from the host cells for their 
own use; (4) blocking the transportation of food, 
mineral nutrients, and water through the conductive 
tissues (Agrios, 178).”  Based on our preliminary 
observations, Oscillatoria appears to meet conditions 
(2) and (3) via the production of toxins and iron 
chelators, and possibly (4) through its role in the 
creation of black layer.  Is Oscillatoria a pathogen?  
Probably, but more research is needed to confirm the 
role of this cyanobacterium in the decline of low 
mowed turfgrasses.  For our purposes in developing 
premier golfing conditions, pathogen or not, 
Oscillatoria has been added to our list of critical 
organisms that must be controlled to prevent 
turfgrass decline.   
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