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GOLF COURSE CONSTRUCTION
TECHNIQUES AND MANAGEMENT

"Everyone asked questions and got answers."
"Got many ideas that could be implemented on my course."

"... the best I've ever attended .... keyed in on what it's all about."

This two-day educational seminar at Pheasant Run Resort in St. Charles will feature presentations and
discussions on the superintendent's responsibilities in master planning and project administration. New
construction bonds and bidding, requests for proposals, the sequence of phasing, budgeting and schedul-
ing, insurance requirements, concept plans, working drawings, selection of an architect and contractor
and the bid process will be covered. In addition, methods of green, tee, bunker, lakes and ponds, and
can path construction will be discussed. Attendees will participate in practical exercises under the
instructors' supervision and practice "selling" a project. Instructors are Dr. Michael J. Hurdzan of
Hurdzan Design Group and Mr. Stephen Harrell, Wadsworth Golf Construction Company of the South-
west.

Included in the registration fee are luncheons on both days of the seminar and take-home reference
materials and tools. Passing the examination at the conclusion of the seminar will earn participants 1.4
Continuing Education Units (CEUs) and a certificate of achievement from GCSAA. Seminar registrants
must make their own arrangements for overnight accommodations. A reservation form will be furnished
upon receipt of your registration, identifying you as a seminar participant, eligible for the special $65/
night double or single rate if you make your reservation by December 10, 1989.

REGISTER NOW
Complete the form enclosed, include your check or credit card information and return to:

GCSAA Regional Seminars ~I~

1617 St. Andrews Drive I~~\
Lawrence, Kansas 66047-1707 ~'"O"

.iirrP'
TELEPHONE REGISTRATIONS BY CREDIT CARD ARE WELCOME

CALL 800/472.7878 or 9131841.2240. FAX: 913/841·2407.

Reach, Speed &Stability

Ford New Holland "Super Boom" skid-steer
Ioaders do mare for vou:
* Reach - Loads center of six-wheel dump.
* Speed - Faster cycle tj.mas, soeeds up

Ioadinq/unloadtnq operations,
* St..ability - Lonqer wheelbase with low

center of qravitv.

MARTIN IMPLEMENT SALES, INC.
16400 S. 104th Ave.

Orland Park, IL 60462
(708) 349·8430

Sulfur and the Black Layer
by Lee Berndt, Joe Vargas, Jr. & Brad Melvin

Dept. of Botany and Plant Pathology & the
Pesticide Research Center, Michigan State Univ.

Black layer forms in turfgrass soils when metal sulfides
precipitate from soil solution and deposit on soil particles and
organic matter. Iron sulfide (FeS) is probably the most com-
mon metal sulfide in black layer, but it is certain that other
forms, such as manganese sulfide, exist.

Metal sulfides form from a bacterial respiratory process
known as dissimilatory sulfate or sulfur reduction. This is essen-
tially bacterial respiration in the absence of oxygen. In sulfate
reduction, electrons from food burned for energy by the bacteria
are passed to sulfur instead of oxygen, forming hydrogen
sulfide. Hydrogen sulfide is very poisonous and also very reac-
tive with metals such as iron. Thus, if hydrogen sulfide is pro-
duced and iron is present, metal sulfides will be formed. More
importantly, if hydrogen sulfide is produced the potential for
the decline which frequently accompanies black layer increases.
This is because hydrogen sulfide is a respiratory toxin which
blocks electron transport.

Hydrogen sulfide is formed only in the absence of oxygen.
Thus, conditions which favor oxygen depletion also favor sulfide
formation and black layer development. These conditions in-
clude waterlogging, high rates of respiration from microorgan-
isms, compaction, and addition of compounds such as elemental
sulfur. The chemistry of sulfur is such that its most stable state is
sulfate. In order for sulfur to become sulfate it must acquire 4
oxygen atoms for each sulfur atom. When this occurs in turf
soils, it happens at the expense of aerobic micro-organisms and
turf plants.

Management of black layer lies in prevention. There are
several things you can do to prevent the creation of conditions
necessary for sulfide production hence black layer formation.
Control the amount of irrigation applied to your soil. The easiest
way to achieve conditions in soil where oxygen is deficient is
by adding an excess of water. There may be nothing you can
do about torrential rain but you can control your irrigation
regime. Also, control the amount of sulfur applied to your turf.
Pay attention to the sulfur content of micro-nutrient solutions,
fertilizers, and fungicides. If you must add sulfur add sulfate
and not sulfur. Less black layer forms from sulfate sulfur than
from mineral sulfur. It is also better to add nutrients such as
iron and phosphorus than to attempt to make them more
available by lowering soil pH. Why risk black layering by ad-
ding large amounts of sulfur when adding these nutrients is so
easy?

If black layer has already become a problem do everything
you can do to get oxygen into the soil. Core aerification is an
effective way to do this. Remove plugs from the turf, and leave
core holes open and unfilled. Do not core, however, when your
green is overly wet. You will do more damage than good. Allow
your soil to dry out as much as possible. This will encourage
oxygen diffusion into soil. Syringing is mandatory for maximum
black layer control. Adding potassium nitrate or calcium nitrate
will also help. These compounds are good oxidizers will allow
aerobic respiration in soil using nitrate as an electron acceptor.
Nitrate in effect prevents sulfate reduction in environments
where oxygen is lacking. The state highway department routine-
ly adds nitrate to stagnant water in roadway ditches to stop the
smell (from sulfides) and clear up the scum. Also, if black layer-
ing has already become a problem do not add organic N sources.
Organic matter will intensify sulfide formation and "feed" black
layer. Do, however, spoonfeed nutrients, including P and K,
to the turf.
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