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Golf course superintendents nation-
wide have noticed the appearance of a
black layer in some highly maintained
turfgrass soils. This layer is frequently
found in depressions and natural drain
slopes but is not limited to these sites
Layer thickness varies from site to site,
as does depth of occurrence. Affected
turf may show symptoms of decline and
require extensive cultural input like
coring to prevent further deterioration
In severe cases, outright turf loss results

Layer thickness varies
from site to site,
as does depth
of occurrence.

Research at Michigan State Univer-
sity has indicated that sulfur and sulfur
derivatives such as sulfate (SO, ?) are
the root cause of the black layer. Inti-
mately involved in the process are
obligately anaerobic soil bacteria
belonging to two distinct genera: Desul-
fovibrio and Desulfotomatuclum

Recent experimentation in our
laboratory has successfully created the
black layer when sulfur and crude cul
tures of “sulfate reducers” were added
to either a sand-peat mix or sand alone
under saturated conditions. In addition,
“pockets” of the black sediment, as
opposed to actual layer development.
were formed in the sand under non
saturated but moist conditions at high
rates of sulfur. Formation of the black
layer was evident after only four days.
As rates of sulfur were increased. the
color intensity of the layer increased

Continued

Heavy fall rains may produce ponding
on greens (left) containing the black
layer (typical example from northern
Michigan shown below). This ponding
was relieved by penetrating through
the black layer with a soil probe
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Where no sulfur was added, no black
layer appeared, even though the soils

In many soils
where black layer
is found,
no algae problem
is encountered

remained completely saturated for 33
days.

Experiments With Algae

Our research indicates that algae is
not the basic cause of the black layer.
In many soils where black layer is
found, no algae problem is encoun-
tered. However, algae may contribute
to the layer secondarily. Cell walls of
algae contain a high proportion of “Sul-
fate esters” (non-carbon bonded sul-
fates), which may readily be converted
to hydrogen sulfide. Thus, if the black
layer produces a thin turf, algae may
proliferate on the soil surface. Natural
death of the algae and subsequent
degradation of the cell walls allow these
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sulfate esters to enter the sulfate pool
and possibly contribute to layer
formation.

In our experimentation, even though
light and water were not limiting for
growth, algae were found only in the
experimental units to which sulfur was
added, regardless of soil type. In every
case, the algae appeared after the for-
mation of the black layer. Where no
sulfur was added, no black layer was
formed and no algae accumulated,
even when the experimental soil
remained saturated for 33 days. This
finding suggests that sulfur may contrib-
ute to both the development of the
black layer and surface algae, but more
research is needed to substantiate this.

Evidence obtained in our lab also
suggests that although excess water
may be important in initiating the black
layer, in most cases it is not the cause
of the layer. Experimental units that did
not contain sulfur and were saturated
for 33 days did not develop the black
layer. Seventy-five percent of the
experimental units that did contain
sulfur (at the highest rate), and were not
saturated but were kept moist, did
develop the black layer. Thus, sulfur

appears to be the key to black-layer
formation.

Layer Formation

Essentially, the black-layer formation
process involves microbial respiration.
Aerobic respiration can occur by utiliz-
ing oxygen; anaerobic respiration uti-
lizes other compounds when no oxygen
is available. Both types of respiration
produce end products that differ chem-
ically. When specific groups of micro-
organisms (i.e., Desulfovibrio) use sul-
fate during respiration, much as animals
use oxygen, the end product is hydro-
gen sulfide (H,S). Large quantities of
gaseous hydrogen sulfide are produced
when these organisms have a sulfate
enriched, non-oxygenated environ-
ment (i.e., anaerobic conditions).
Hydrogen sulfide is extremely toxic,

Essentially, the black-
layer formation process
involves microbial
respiration.

and it is also very reactive with soil
metals such as iron or manganese.
When hydrogen sulfide reacts with soil
metals a metal sulfide is produced, and

Continued on p. 110
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the black layer is formed.

The presence of an “infant” layer,
formed by deposition of the metal sul-
fide into soil pore spaces, is in itself ini-

tially not detrimental to turf plant
growth. It is simply an indication of lack
of oxygen (“reducing” soil conditions).
It appears that initial turf decline may
be related to high concentrations of
toxic compounds (i.e., H?S) produced
in the absence of oxygen. However, if

substantial quantities of sulfur or its
derivatives have been previously
deposited in the soil, heavy rains could
induce a prolonged anaerobic condition

It appears that
initial turf decline
may be related to

high concentrations of
toxic compounds in the
absence of oxygen.

leading to black-layer formation. This
can occur in as little as four days, as
seen with our research. Because rain
patterns are very difficult to control, this
may be a kev problem for the
superintendent.

With an advanced layer, the metal
sulfides clog soil pore spaces, effectively
hindering subsurface drainage and
oxygen diffusion, causing extended
anaerobiosis (conditions devoid of
oxygen). If sulfate reduction continues
over an extended period, a layer with
a glue like consistency eventually may
be produced. This could promote a per-
manently anaerobic condition by seal-




ing the soil profile. This sealing effect
may cause supplemental irrigation or
rain water to pond on top of the layer,
further delaving oxygen re-entry into
the soil until water loss occurs by evapo-
ration or seepage.

The sulfide is also an oxygen
scavenger, chemically binding oxygen
very tightly and making it unavailable
for aerobic respiration. In addition, the
fine texture of the black layer makes it
more conducive to retaining water.
With the retention of water in the soil
profile, layer development continues,
with more toxic compounds and metal
sulfides being produced. The process is
a vicious cycle, because initially induced
anaerobiosis plus the addition of sulfur
leads to chronic layer formation, which
leads to prolonged anaerobiosis and
more layer formation. Oxygen becomes
unavailable to the turfgrass roots for
proper uptake of nutrients and water;
consequently, normal growth and
development stop. Beneficial aerobic

To avoid the black layer,
anything one can do to
increase the amount
of oxygen
in the soil profile
will be beneficial.

organisms are poisoned and cease to
exist. Sulfate “reduction” ultimately
becomes the factor causing the
anaerobiosis and subsequent turf
decline; soil structure is permanently
altered and turf loss accelerates.

Getting Oxygen Into Soil

To avoid the black layer, anything
one can do to increase the amount of
oxygen in the soil profile will be benefi-
cial. Soil oxygen will oxidize the exist-
ing sulfide, causing the formation of sul-
fate. Sulfate may, in time, be leached
from the profile. Deep core aerification
with hollow tines, penetrating com-
pletely through the layer, may enhance
oxygen flow into the soil profile.
However, hollow tine coring also will
bring a considerable portion of the glue
like black layer to the greens surface,
where plant matting may occur.

If your soil has the black laver and
you decide to core, remove the plugs
and leave the tine holes open, as this
should increase the aeration status of
the profile. Solid tine coring may help
if the soil profile is dry enough to “shat-
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ter.” However, coring with solid tines
when the profile is wet may serve only
to compact the glue like layer.

- - ®

from p. 111

Orient your management practices so
that conditions favoring black-layer
development are minimal. Keep a close
eye on soil moisture and adjust irriga-
tion scheduling accordingly. It may be
wise to curtail lengthy irrigation cycles
and rely more upon syringing. This
should help the soil profile to dry,
thereby alleviating any water-induced
anaerobiosis. Unfortunately, little can be
done to prevent the black layer from
forming in soil saturated by heavy rains
that occur in the spring and fall in many
parts of the country. This is especially
true for those superintendents who
have a black layer resulting from rain
water containing sulfate (acid rain).

Subsurface tiles should be cleaned so
that drainage is unimpeded, and sur-
face drainage patterns should be ana-
lyzed and possibly re-evaluated. Irriga-
tion water has been shown to contain
appreciable amounts of dissolved sulfur
in certain areas. Therefore, it is advisa-

ble that the irrigation water be checked
for sulfur content. If your irrigation
water does contain an appreciable
quantitity of sulfur each irrigation cycle
could be adding to the formation poten-
tial of the black layer. A long-term solu-
tion might be substitution of sulfate-free
water for sulfated irrigation sources.

- - -

If you are currently on a sand-
topdressing program, do what is possi-
ble to avoid layering. Layers created by
infrequent topdressing practices that
form perched water tables are favora-

If you are currently
on a sand-topdressing
program, do what
is possible
to avoid layering.

ble places for the black layer to form.
Try to match the topdressing particle
size to the original base mix as closely
as possible, Topdressing applied lightly
and frequently is most desirable.
Most important, if a sand-topdressing
program is instituted, you should follow

rate and frequency guidelines carefully.
Also, because calcium sulfate is a
common co-precipitate with calcium
carbonate in some calcareous topdress-
ing soils, have the sulfate content
checked. If the topdressing mix you use
has an appreciable sulfate concentra-
tion, you may want to discontinue its
use.

It may be wise to evaluate the topi-
cal application of iron sulfate and other
sulfur compounds (i.e., ammonium sul-
fate) to areas where the black layer
exists. Use of these products might, in
essence, be “feeding” the layer by
making sulfates freely available.
Experimentation in our lab suggests that
compounds such as ferrous sulfate and
calcium sulfate (gypsum) may indeed
contribute to black-layer formation.

Finally, try to reduce the amount of
supplemental sulfur applied to your turf.
The use of elemental suifur for pH
reduction where the black layer exists
should be discontinued, as it appears to
be the basic cause of the problem. Many
superintendents have successfully
grown bentgrass turf in high pH condi-
tions for many years, but many are
struggling where the use of sulfur has
led to a black layer. D



