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algal growth. These results suggested that sulfur was involved In black layer
formation and that algae was a secondary invader.

Study 2.

This experiment was initiated at the glasshouse facility previously
described. The objective of Study 2 was to demonstrate that the formation of
black layer was biological, and that formation could be delayed by addition of
alternate electron acceptors. Another objective was to demonstrate the
relationship between black layer and sulfate reduction with the use of
specific inhibitors of sulfate reduction.

Buckets (as previously described) were packed with sand (as described) and
treated with 15 pounds of sulfur (re-precipitated elemental) per 1000 square
feet. Packing was adjusted so the sulfur could be placed 3 inches below the
sand profile surface. Lactate enrichments of mixed cultures of sulfate
reducers were also added. In addition, 200 mls of 0.1 M bleach, potassium
nitrate, sodium nitrate, calcium nitrate, or ammonium molybdate were added to
each of 3 experimental sulfur treated units (buckets). Three sulfur treated
units not amended with bleach, nitrate or molybdate served as active black
layer forming checks. The units were then waterlogged and made anaerobic (as
described) for 14 days. At the end of 14 days the units were disassembled and
visually inspected for black layer formation.

Sulfur amended sands treated with bleach, nitrate or molybdate showed no
evidence of black layer after 14 days. Sulfur amended sands receiving no
bleach, nitrate or molydate treatment actively formed black layer. The
results suggested black layer formation to be a biological process which was
manipulated by addition of alternate electron acceptors (i.e., nitrates) and
bleach. Nitrate additions were presumed to influence the respiratory pathways
of the microbial populations. The bacteria probably derived more energy from
the respiratory utilization of nitrates as electron acceptors than was
possible with sulfate, hence sulfate reduction was "bypassed." It was also
presumed that the bleach acted as a disinfectant effectively killing sulfate
reducers, since previous addi tions of bleach to crude cultures of sulfate
reducers in iron free medium halted formation of hydrogen sulfide. It was
possible that the nitrate compounds and bleach also acted as oxidizing agents
which dissipated the reduced black layer as it formed. This was, however, not
determined. The use of compounds which serve as alternate electron acceptors
or oxidants may prove to be effective black layer control, but more research
IS needed.

When molybdate was added, as a specific inhibitor of sulfate reduction,
sulfur amended sands did not form black layer. This fact strongly suggested
black layer formation to be an active sulfate reduction process and was more
evidence linking black layer formation to sulfur.

Study 3.

This experiment was initiated at the glasshouse facility previously
described. The objective was to determine whether sulfur additions would
produce a black layer in turfed soils taken directly from the field and if so
whether nitrates would suppress layer formation.
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Plugs of turfed soil from a Penncross creeping bentgrass green were
harvested and transplanted to 2-liter plastic buckets which were previously
described. Harvested plugs were approximately 10.5" x 4.25". Washed dune
sand was used to backfill around the exposed edges of the plugs inside the
buckets. Two pounds of sulfur (flowable, 52%) per 1000 square feet were
applied to 3 of the plugs while 3 other plugs received 2 pounds of sulfur plus
2 pounds of N from calcium nitrate per 1000 square feet. Three additional
plugs were left untreated as checks. The experimental units were then
waterlogged for 14 days as previously described. After 14 days, the uni ts
were disassembled and visually inspected for evidence of black layer.

Penncross turf plugs treated with 2 pounds of sulfur per 1000 square feet
formed black layer wi thin 14 days after waterlogging. When similar plugs
received 2 pounds of sulfur plus 2 pounds of N from calcium nitrate per 1000
square feet no black layer was formed. Likewise, no black layer was formed in
untreated checks. Thus, the results again suggested a relationship between
sulfur application and black layer formation. The results also suggested that
nitrate application prior to black layer formation was an effective
preventative control method.

Summary

The results of these experiments suggested a strong relationship between
the application or occurence of sulfur and black layer formation. Through the
use of bleach and molybdate black layer formation was shown to be a biological
process involving dissimilatory sulfate reduction. Black layer formation was
also shown to be delayed by application of nitrates. However, examination of
the relationships of black layer formation regarding other common cultural
practices, such as irrigation and fertility, is needed. Also, more research
must be conducted regarding the basic mechanism of black layer suppression
when nitrates are introduced.


