














reduced repair costs by 80%. Due to the high
cost of the pipe, HDPE normally is used only
for mainlines.

The location and construction of putting
greens is a primary concern. If at all pos-
sible, it is desirable to locate greens on solid
ground. Since this is not always feasibie,
other construction techniques can be em-
ployed to prevent gas migration into the
puiting green soil profile. At the Industry
Hills golf courses, one methane-affected
green was rebuilt in 1989 using a 30 mil
chlorinated polyethylene (CPE) liner placed
beneath the green. The liner was protected
above and below with geotextile fabric, and
then a 6-inch soil cap was placed on top of
the liner. The soil cap was shaped to the
desired contours, and construction proceeded
according to USGA Putting Green Con-
struction Recommendations. An additional
methane well also was installed to capture
gas in the area. Kent Davidson, CGCS,
Director of Golf Course Maintenance at
Industry Hills, reports that the project was a
complete success and no problems have been
experienced since the liner was installed.

Growing healthy trees and shrubs can be
difficult on a landfill site. Successful tree
establishment depends mainly on the depth
of the soil cap and proper tree selection. Trees
planted in an area with a deep soil cap tend
to have a better chance for survival. In areas
with a shallow soil cap, tree mounds can be
created by adding soil to the intended plant-
ing site to enhance the rooting area. Tree
selection should be based on hardiness and
tolerance to oxygen-poor conditions. It is
reported that pines (Pinus sp.) and alders
(Alnus sp.) tolerate such conditions, as do
eucalyptus (Eucalyptus sp.), sycamore
(Platanus sp.), and pepper trees (Schinus
sp.). Most turfgrass species will survive on
landfill sites due to the relatively shallow
rooting characteristics of turfgrass plants.
Currently, no turf species are considered
tolerant of landfill gas.

A final consideration is compliance with
laws and regulations. Legislation concerning
the control and disposal of landfill gas al-
ready has been imposed by the federal
government and many states. Environmental
concerns about landfill gas contributing to
the greenhouse effect have prompted much of
this legislation. In California, several state
and local agencies are involved in monitor-
ing landfill sites, including the Department
of Health, local Air Quality Management
Districts, the California Integrated Waste
Management Board, and others. In most
states, the Solid Waste Division or state EPA
has jurisdiction over landfill sites. Testing
and routine monitoring are often required to
comply with regulations and should be con-
sidered a regular part of the maintenance
budget.
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Maintenance Considerations

After a golf course has been built on land-
fill, one might say “‘the fun is just beginning.”
Problems caused by soil shifting and settling
will require frequent repairs that must be
planned for in the annual maintenance
budget.

The budget should be expanded to
account for added irrigation repairs and
maintenance. Installation of HDPE pipe can
help to reduce repairs on mainlines; however,
lateral line repair and sprinkler head leveling
will be necessary on a recurring basis. As an
example, David Bermudez at Mountaingate
Country Club budgets $3,000 per month
for irrigation repairs at the 27-hole facility.
Mountaingate also employs three full-time
irrigation technicians to handle the work load.

Soil settling can be expected for several
years. This can severely affect cart paths,
bridges, roads, and drainage systems. Some
repairs will be minor; however, recurring
expenses for renovation of settlement areas
and associated golf course features should
be forecast in the budget.

Putting green management on landfill
golf courses can be a challenge. For greens
affected by methane gas, there is little that
can be done except to rebuild. Mike Huck,
former superintendent at Industry Hills, tried
several methods to cope with the negative
effects of methane gas on the 15th green of
the Eisenhower Course. During the mid-
1980s, Mike implemented programs that in-
cluded mole plowing, deep drilling, frequent
core aecration, and supplemental fertilizer
applications. These programs only provided
temporary relief from the anaerobic condi-
tions until the green was rebuilt in 1989.

Soil settling and unexpected contour
changes also affect greens. Sometimes, the
contour changes are hardly noticeable and
do not affect daily maintenance operations.
Some innovative techniques have been tried
to prevent settling of putting greens. For
example, one course tried building greens on
top of a concrete saucer in the hope that, if
settling did occur, the entire green would
settle evenly. Unfortunately, many of the
concrete saucers broke or the greens tilted
in a direction unsuitable to the direction of
play. The most practical advice available is
to scout nearby areas where minimal settling
occurs and try to relocate the green in that
area. According to Tom Shuput, Director of
Project Development for SCS Field Services,
arcas with a deep soil cover also would be
good locations for putting greens.

Due to the poor quality soil often found
on the fairways, be prepared to schedule
additional slicing or core aeration to relieve
compaction and improve air and water pene-
tration. Installation of a continuous cart path
system and restricting carts to the paths also

helps minimize compaction and maintain
quality turf. Fairway topdressing can be an-
other tool to improve conditions on fairways
afflicted with impermeable, poor quality
soils.

Conclusion

Many golf courses have been constructed
on landfill sites. It is likely this trend will
continue as available land for golf course
construction diminishes. The key to success
is understanding the effects of landfill gas
and carefully coordinating the design and
construction of the golf course with the in-
stallation and operation of a gas collection
system. After a golf course has been con-
structed on a landfill site, there is little that
can be done to prevent the damage and dis-
ruption caused by settling. In these situations,
extra expenditures for repair and mainte-
nance of the golf course should be antici-
pated for several years. Additional research
is necessary to determine the cultural prac-
tices that can minimize the effect of landfill
gas on plant materials.

Overall, golf courses built on landfill sites
make a positive contribution to the environ-
ment, the economy, and the community.
Despite the challenges, good quality playing
conditions can be achieved — even if your
golf course has gas.
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TISSUE TESTING:
QUESTIONS AND ANSWERS

by KEITH HAPP

Agronomist, Mid-Atlantic Region, USGA Green Section

AVING the opportunity to monitor
che cutting edge of technology in

the golf course maintenance industry
is an exciting part of the work of USGA
agronomists. We are continually asked ques-
tions about new products and procedures,
and we are among the first to see them in
action. Unfortunately, not all questions have
easy or direct answers. The question about
the value and use of tissue testing falls into
this category. Tissue testing is being per-
formed more and more, and questions about
this practice have grown more numerous and
pointed. Following are some of the most
often asked questions about tissue testing,
along with some answers that provide a per-
spective on the potential value of this tech-
nology in the turfgrass industry.

In preparing these questions and responses,
references were obtained through the Turf-
grass Information File (TGIF), and univer-
sity researchers throughout the country were
interviewed for their views on this timely
topic.

Question: What is tissue testing?

Answer: Tissue testing involves analysis
of foliar tissue (grass clippings) for nutrient
content, and should not be confused with
plant analysis, which determines the ele-
mental content of all the plant tissue (leaves
and roots).

The goal of tissue testing is to better meet
the nutritional needs of golf course turf. In
theory, knowing the nutritional content of
turfgrass tissue would allow the design of a
more efficient fertility program to produce
healthier and better quality turf. However,
nutrient interactions occurring within the
turfgrass plant (combined with varying en-
vironmental conditions) are not completely
understood, and modifying a fertility plan
based on tissue test results is difficult and
is not recommended by most turfgrass
scientists at this time.

Question: Are all tissue testing tech-
niques the same?

Answer: No, they are not the same.
Basically, there are two approaches that can
be used: Wet Chemistry techniques and
Near-Infrared Spectral analysis (NIRS).

Tissue Testing Methods
(Jones & Kalra, 1992)

Wet Chemistry
Atomic Absorption Spectrometer
ICP Plasma Spectrometer
DC Plasma Spectrometer

Other
Near-Infrared Spectral

Wet chemistry techniques utilize sophisti-
cated laboratory equipment and dilution
materials to determine nutrient concentra-
tions. The Atomic Absorption spectrometer
{a wet chemistry technique) can provide very
accurate data, but the turnaround time for
receiving results after submitting a sample
may be as long as two weeks.

Recently, an effort has been made to adapt
NIRS technology for analyzing the nutrient
content of turfgrass tissue samples. Near-
infrared spectral analysis can be done much
more quickly and cost effectively than wet
chemistry, and was first used to analyze
forage grasses for protein content (Wilkinson
& York, 1986). NIRS utilizes a spectrum of
light in the near-infrared region. The instru-
ment measures reflectance at specific bands
or wavelengths of this light spectrum. A
computer then uses this information to
statistically predict the content of specific
nutrient elements.

Unfortunately, many turf managers con-
fuse the two methods. Wet chemistry analysis
is a primary method of determining nutrient
concentrations, while NIRS is a secondary
method. In other words, a single wet
chemistry lab (providing repeatable results)
must be used to generate the database which
then is used by NIRS technology. These data
are stored in the computer and serve as a base

from which tissue nutrient concentrations
can be estimated. This process is ongoing.

The bottom line is that wet chemistry and
NIRS techniques are different, and the terms
should not be used interchangeably.

Question: Which method provides the
most accurate results?

Answer: Wet chemistry techniques pro-
vide an accurate analysis of the nutrient
concentrations within turfgrass leaf tissue
(Jones & Kalra, 1992). On the other hand,
available information and research literature
do not support the accuracy of the newer
NIRS procedure at this time. With the
exception of nitrogen, correlation studies
between NIRS and wet chemistry have
produced weak to moderate relationships
for many nutrient concentrations. NIRS pro-
vides results very rapidly, but unfortunately,
interpreting the data is difficult and the
accuracy of this technique currently is
questionable.

Question: Can tissue analysis provide
information about fertilizer needs that can-
not be obtained from soil analysis?

Answer: Yes, but the information gained
is difficult to interpret. Soil testing is the
place to begin when designing a fertility pro-
gram.

Many turf managers have the impression
that plant uptake of nutrients is directly re-
lated to the amount of nutrients available in
the soil. Research has shown that this is
not always true. The relationship between
nutrient supply in the soil and nutrient con-
centrations in the plant is strongest when
nutrient supplies become so low that they
limit the growth of the turf. Plants have
intemal mechanisms that allow them to
control nutrient uptake to meet their needs
when nutrient concentrations in the root zone
are plentiful. Nutrient deficiency develops
when demands are in excess of supply
(Kussow, 1993). Therefore, adequate nutri-
tion levels may exist in the soil, but plants,
for a number of reasons, might not be taking
up those nutrients. Tissue tests could be used
to indicate nutrient deficiencies in the plant
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