
























































Characteristics and capabilities of each
of the four models are presented in
Table 1.

The choice of which model to use
depends on the precision required to
determine the potential for and
magnitude of negative environmental
impacts associated with turfgrass
management practices. Regardless of
which model is selected, however, users
of the data should be aware of their
limitations. Models are predictive tools
whose accuracies reflect the quality of
the data used to develop them and, just
as importantly, the data used to operate
them. Data generated from modeling
should be used to guide management
decisions rather than define them.

(Editor’s Note: Pesticide and nutrient
fate studies being conducted on turf at
several universities suggest that most cur-
rent computer models tend to over-
estimate the amount of these potential
pollutants that reach groundwater.)

Computer Simulations
Using LEACHM

The Leaching Estimation And
Chemistry Model, or LEACHM, was
developed by Drs. J. L. Hutson and R.
J. Wagenet of Cornell University to
predict the movement of water, salts,
fertilizers, and pesticides through
specific soil profiles. Originally devel-
oped for use in agricultural situations,
the model was modified to more
accurately simulate proposed pesticide
program options for golf courses from
Lake Placid, New York, to Lanai,
Hawaii. Results of simulations have
aided in the selection of products which
will pose the least potential for negative
impacts on groundwater, surface
waters, and non-target insect, fish, and
wildlife species, while still effectively
controlling anticipated target pests.

Realistic results are ensured by
inputting information specific to the
area being simulated. Parameters such
as local rainfall, snowfall, temperatures
(air and soil), and pan evaporation are
taken from published meteorological
data. Irrigation events can be tailored to
simulate any schedule, and schedules
can be modified based on weather
conditions. For model soils, the per-
centages of sand, silt, clay, and organic
matter, as well as bulk density for any
number of segments within the soil
profile can be specified. The thickness
of the soil profile can be modified to
simulate the depth-to-groundwater or a
seasonally high water table. Soil data
are obtained from USDA Soil Conser-
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vation Service Reports, USGA specifi-
cations, or, if desired, on-site sampling.
For any product simulated, a specific
water solubility, soil half-life, organic
carbon partition coefficient, and vapor
density are input from published
literature values and manufacturers’
information. Simulations up to three
years in duration have been run to date.

Simulation Results

Execution of the model will provide
the information necessary to assess the
environmental mobility and safety of
the simulated chemical control pro-
gram. Output data include the amount
of product and water which leach
through the simulated soil profile, the
amount of product which still remains
in the profile, and the amount of
undissolved surface residues. Mass
balances, which account for all of the
applied pesticide, also will show how
much product has been volatilized,
taken up by the turf (if it is a systemic
product), and chemically or biologically
degraded, and how much has been
transformed to specified breakdown
products. Output can be obtained for
any time interval within the specified
simulation period.

Based on these mass balances, it is
possible to predict, and thus avoid,
adverse environmental impacts of a
hypothetical or currently implemented
chemical pest control program. For
example, simulations have indicated
that certain products, even when
applied at assumed safe, label-recom-
mended rates, have the potential for
reaching groundwater or surface water,
or posing unnecessary risks to non-
target organisms which may use or
occur in a treated turf area. Comparing
the values produced in the mass
balances of the LEACHM simulations
with established water quality stan-
dards and published toxicity values for
a number of representative potential
non-target organisms, ultimately yields
the hazard potential. This risk assess-
ment procedure, when applied to a
number of pesticides, will result in a
relative safety factor being assigned to
each product, upon which recommen-
dations for use will be made.

Examples of Simulation Scenarios

For example, if a particular snow
mold product applied in late fall or early
winter were shown to produce surface
residues well past spring snow melt, and
if this product were applied to an area

where Canada geese might forage, the
potential impact to the geese could be
quantified. Similarly, if a curative white
grub insecticide application were made
in late August and an unexpected
intense thunderstorm occurred the next
day, the potential for leaching to
groundwater and runoff to nearby
surface water could be predicted.

Figures 1-4, “Sample LEACHM
Output,” is a portion of an output file
generated from the execution of the
LEACHM model. In this particular
execution, the application of four
preemergence crabgrass products was
simulated. The results are shown for
one of these products, Dacthal. (Note:
Trade names appear in the output files
for convenience only. All data are
inputted and simulations performed for
active ingredients. Appearance of trade
names does not imply endorsement of
any particular product.) Day 210 of the
simulation, which began on April 1, is
presented here. Both the day number
and the date appear in the upper left-
hand corner of Figure 1.

The uppermost table, Figure 1, is the
Mass Balance Table, which gives an
account of the whereabouts of all of an
applied product, including the mecha-
nisms of removal from the soil profile.
For risk assessment, “undissolved on
soil surface” and “losses in drainage”
are particularly important parameters.
In this instance, Dacthal has not
leached through the simulated soil (a
green built to USGA specifications).
However, elevated surface residue does
exist for the product.

The distribution of Dacthal within
the soil profile, described in Figures 2
and 3, also is used in the risk analysis
process. Potential problems which may
arise as a result of persistence can be
ascertained by following trends in soil
concentrations over time. Results in this
section can be used to make adjust-
ments to multi-year plans or seasonal
rotation strategies.

Information from Figure 4, Plant
Growth, Transpiration, and Product
Absorption, does not play an important
role in pesticide risk analysis, but is
quite useful when analyzing simulated
fertilizer programs. Used in conjunction
with the other tables, it is possible to
determine the efficiency of a fertilizer
program. With multiple executions of
the model, each simulating a slightly
different fertilizer program, it is pos-
sible to derive a program that maxi-
mizes turf nitrogen uptake while
minimizing losses to drainage or other
routes.



























