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The Fate of 
Pesticides Used 
on Turf 
by Richard J. Hull 

Conventional wisdom says Americans 
are most fearful of virus-caused dis-
eases, nuclear power plants and their 
toxic wastes, and pesticides used on 
food crops and in landscape mainte-
nance. In reality, we seem to be at 
greater risk when driving our cars, 
smoking cigarettes, or eating fatty food. 
Killer viruses, nuclear wastes, and pesti-
cides actually hurt relatively few people. 

Tempting as it may be to question con-
ventional wisdom, prudence dictates 
that we treat fear of exposure to pesti-
cides as real — probably not justified, 
but real. As professional turf managers 
and producers whose livelihood 
depends to some extent on pesticides, 
and whose use of pesticides is often in 
public view, how do you deal with 
public concern over pesticide exposure? 
I wish I had a simple, effective solution 
to this problem. One rather obvious 
first step, however, is knowledge. If you 
understand pesticides, and pesticide 
concerns, you can educate your clients 
and others with whom you interact pro-
fessionally. Turf professionals, knowl-
edgeable about the nature of pesticide 
exposure resulting from turf manage-
ment practices and able to discuss these 
concerns in an informed and calm 
manner, can probably do more to dispel 
public fears than anything academics 
like myself can do or say. 

As it happens, questions about the fate 
of and probable public exposure to pes-
ticides used in turf management are 
answered at least in part in a series of 
short articles published in the 
January/February 1995 issue of the U.S. 
Golf Association Green Section Record. 

This issue of the Record is devoted to 
reports on a number of research projects 
on pesticide and fertilizer fate in turf 
commissioned by the USGAs Green 
Section. The discussion that follows 
draws on these and other research 
reports and some personal observations. 

Problems of Pesticides Used on Turf: 
Public concern aside, are there legiti-
mate problems associated with pesti-
cide usage on turf? An honest answer to 
that question is "yes." These problems 
can be broken down into four issues. 

1. Pesticides can be transported from the 
turf in water, either as runoff or as 
leachate percolating through the soil. 
This loss of pesticides from turf can result 
in surface water or ground water conta-
mination. When such water is used for 
domestic purposes or for irrigation of 
food crops, the potential for harm exists. 

2. People can come into direct contact 
with turf pesticides that evaporate into 
the atmosphere and are inhaled, or 
through physical contact resulting 
from using turf following a pesticide 
application. In these cases, pesticide 
intake via the lungs or through the skin 
has the potential for causing harm. 

3. Repeated use of a pesticide can 
promote resistance in the target pest, 
requiring the use of higher rates or even 
rendering use of the chemical ineffective. 
Insects are the most likely to develop 
pesticide tolerance, but examples of pes-
ticide-resistant weeds and pesticide-tol-
erant, disease-causing pathogens have 
also been reported. From the perspec-
tive of sustainable turf management, 
acquired resistance to pesticides is prob-
ably the most serious problem. 

4. Inappropriate pesticide application 
can destroy populations of insects or 
microorganisms that are keeping 
harmful organisms from causing unac-
ceptable damage. In this situation, the 
use of a pesticide may aggravate or 
accentuate several other pest problems. 
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Figure 1. Fate of Pesticides in Soils 

In this discussion, I will concentrate on the first 
two problem areas and leave acquired resistance to 
pesticides and the impacts of pesticides on non 
target organisms for another time and other 
authors. The capacity of a pesticide to become a 
water contaminant or to come into direct contact 
with people is what concerns the public most, and 
this depends largely on a pesticides persistence or 
fate in the turf-soil environment. 

The ideal pesticide is applied, contacts and 
quickly kills its target pest and then breaks down 
into harmless byproducts — usually carbon 
dioxide, water and simple mineral elements. A 
few pesticides come close to this ideal, but most 
persist long enough to be present within the turf 
environment in measurable amounts for days or 
months after application. Of course, in some 
instances, pesticide persistence and extended 
control (i.e, preemergence herbicides used to 
control crabgrass) is desirable. 

What happens to pesticides applied to turf? Their 
fate is influenced by many processes, some of 
which are depicted in Figure 1. Immediately after 
application, a pesticide can evaporate into the 
atmosphere from plant and soil surfaces by a 
process known as volatilization, or it can be lost 
through photodecomposition. 

Volatilization: Loss to 
volatilization depends on a pes-
ticide's vapor pressure and on 
climatic conditions, especially 
temperature. Vapor pressure 
describes the tendency of a 
chemical to evaporate. It is an 
actual pressure, measured and 
expressed in pressure terms 
(mm of mercury (Hg), atmos-
pheres or millipascals [mPa]). 
A high vapor pressure indicates 
a strong tendency to evaporate. 
Water has a high vapor pres-
sure (12.8 mm Hg or 
1,707,000 mPa) and it evapo-
rates readily. Most pesticides 
have low vapor pressures 
(about 0.000002 mm Hg or 
0.27 mPa (Table 1) and evapo-
rate much less readily. Even 
with such low vapor pressures, 
many pesticides will evaporate 
if the temperature is high or 

conditions are otherwise favorable for volatiliza-
tion, as we shall see later. 

Photodecomposition: When a pesticide is exposed 
to direct sunlight, it can absorb energy from the 
ultraviolet portions of the spectrum, and that 
energy can break chemical bonds. This photode-
struction of an organic molecule often occurs when 
the chemical is sprayed and dries on a surface which 
receives direct solar radiation. Large amounts of 
some pesticides can be lost through photodecom-
position if they are applied in such a way and at a 
time when exposure to sunlight will occur. 

If a pesticide does not volatilize and is not 
destroyed by sunlight, it can be absorbed through 
the plant surface or it can be washed off the plant 
by rain or irrigation. 

Absorption by plant leaves: Entry into plant 
leaves or stems is often the desired fate of pesticides, 
especially those systemic materials which depend 
upon movement throughout the plant body for 
their effectiveness. Systemic insecticides or fungi-
cides must be distributed throughout the plant in 
order to come into contact with pest organisms. 
Systemic herbicides depend on absorption and 
movement to growing points of the weed in order 
to exert their capacity to kill or inhibit the plant. 



Pesticide 
Trade name 

Water 
Solubility 

Soil 
Adsorption 

Half-life 
DT50 

Vapor 
Pressure 

GUS* s c s t 
Ranking 

ppm Koc days mPa 

Insecticides and Nematicides 
Diazinon 40-69 40-570 7-103 19.0 2.6 Small 
Dursban 0.4-4.8 2500-14800 6-139 1.2 0.3 Small 
Nemacur 400-700 26-249 3-30 13.0 3.0 Large 
Oftanol 20-24 17-536 30-365 0.5 2.6 Medium 
Proxol 12000-154000 2-6 3-27 1.1 3.0 Large 
Sevin 32-40 79-423 6-110 0.2 1.5 Small 
Triumph 69 44-143 34 4.3 3.1 Large 
Turcam 40 570 3-21 0.7 0.9 Small 

Fungicides 
Alliette 120000 20 1 1.3 0.0 Small 
Banner 100-110 387-1147 109-123 0.1 2.0 Medium 
Banol 700000-1000000 1000000 30 800.0 -1.5 Small 
Bayleton 70 73 16-28 0.1 2.2 Medium 
Chipco 26019 13-14 500-1300 7-30 0.03 1.3 Small 
Daconil 2787 0.6 1380-5800 14-90 1300.0 1.3 Small 
Dithane (Fore) 0.5 2000 35-139 13.0 1.5 Small 
Dyrene 8 1070-3000 0.5-1 - 0.0 Small 
Fungo 3.5 1830 10 0.01 0.7 Small 
Manzate 0.5 2000 12-56 0.1 1.5 Small 
Rubigan 14 600-1030 20 0.03 2.6 Large 
Spotrete 30 670-672 15 1.3 1.4 Small 
Subdue (Apron) 7100-8400 29-287 7-160 0.3 3.4 Large 
Terraclor 0.03-0.44 350-10000 21-434 6.7 0.4 Small 
Terraneb 8 1159-1653 90-180 400.0 2.0 Small 
Terrazole 50-200 1000-4400 20 13.0 1.3 Small 
Tersan 2-4 200-2100 90-360 1.3 1.7 Small 

Herbicides 
Balan 0.1-1 781-10700 2-130 4.0 -0.05 Small 
Banvel 80000 2.2 3-315 - 4.2 Large 
Betason 5.6-25 740-10000 30-150 0.1 2.1 Medium 
Daconate - « 1000 0.0 0.0 Small 
Dacthal 0.05 4000-6400 13-295 0.3 0.8 Small 
DSMA 254000 770 - - 2.3 Small 
Endothal 100000 8-138 2-9 1.0 2.3 Medium 
Kerb 15 990 60 - 3.0 Large 
MCPA 270000-866000 20 4-21 - 3.8 Large 
Mecoprop 660000 20 21 0.01 3.5 Large 
Prograss 51-110 340 20-30 0.6 2.2 Medium 
Prowl 0.275-0.5 5000 8-480 4.0 0.6 Small 
Rhonox 5 1000 8-69 0.2 1.4 Small 
Ronstar 0.7 3241-5300 30-180 0.1 0.9 Small 
Roundup 12000 2640 7-81 0.0 0.0 Small 
2,4-D amine 200000-3000000 0.1-136 2-23 0.0 2.0 Medium 
Tupersan 18 420-890 90 0.8 2.7 Medium 
Turflon 2100000 1.5-27 30-90 0.2 4.5 Large 

* Ground water Ubiquity Score (GUS) and leaching potential based 
t Potential for leaching to ground water - SCS Rankings 

Data of Balogh and Walker (1992) from Kenna (1995) 

on degradation and KoC 



Once absorbed by plant foliage, a pesticide will not 
readily be transported from the site to which it is 
applied. Also, a pesticide absorbed by plant leaves 
is less likely to be contacted by people in their 
normal use of a turf area. When absorbed by a 
plant, a pesticide may be metabolized and con-
verted to an inactive chemical or, in some cases, 
converted into an even more toxic compound. In 
any event, entry into the body of plants can 
account for a significant portion of a pesticide 
applied to turf. 

Wash-off by rain or irrigation: A pesticide 
applied to turf may be washed from the leaf sur-
faces by rain or irrigation. This will occur if the 
pesticide has not been absorbed into the surface 
cells of leaves, has not become firmly adsorbed 
(bound) to the surface cuticle of leaves, and is 
soluble in water. This latter property of a pesti-
cide is important because transport by water will 
occur only to the extent that the pesticide dis-
solved in water. Many pesticides are poorly 
soluble in water (Table 1), thus their capacity to 
be washed off leaves or transported from the site 
of application in surface water flow is limited. 
Pesticides soluble in water are subject to such 
transport, and this may contribute to a pollution 
or contamination problem. 

Adsorption on thatch: When washed off turfgrass 
leaves, a pesticide next encounters the thatch layer 
that accumulates on the soil surface beneath the 
plants. This layer of dead stems, crowns, and a few 
leaves provides many sites that can bind organic 
pesticides through surface adsorption or through 
internal absorption. Ad- and absorption are often 
combined as 'sorption,' which simply means 
immobilization of one material on or in another 
material. The thatch layer thus constitutes a highly 
effective trap for many pesticides, and is more or 
less unique to the turf environment. As a result, 
many pesticides do not move as readily in turf as 
they do in other plant communities. 

Eventually a pesticide will be carried to the soil 
surface and then down into the soil profile. For 
some pesticides, for example those intended to 
inhibit soil insects or pathogens and those that are 
absorbed primarily by roots, transfer into the soil is 
essential for effective pest control. However, the 
soil environment provides many obstacles to pesti-
cide survival and effectiveness. These include 
adsorption on soil colloids, metabolism by 

microorganisms, chemical degradation, root 
absorption, animal ingestion, and leaching out of 
the root zone. 

Sorption on soil colloids: The same sorption 
phenomena that can occur in thatch can also 
bind pesticides in the soil. Soils contain many 
organic and mineral colloids, which can attract 
and bind organic molecules such as pesticides. 
When bound to colloids, a pesticide is removed 
from solution and is no longer capable of 
exerting its toxic properties. This is demon-
strated by the fact that in the highly organic soils 
(muck soils) of the upper Midwest, several pre-
emergence herbicides must be applied at double 
the normal rate to provide adequate weed 
control. So much of these herbicides is removed 
from the soil solution by the profusion of organic 
colloids, that more must be used to obtain a con-
centration toxic to plants. 

The soil under most well established turfs con-
tains more than the normal amount of organic 
matter. This additional organic matter rarely 
compromises the effectiveness of pesticides, but 
can significantly restrict their movement through 
the soil profile. The tendency of a pesticide to 
bind with organic colloids is characterized by its 
organic carbon partition coefficient, abbreviated 
Koc. A large Koc (Table 1) indicates a strong ten-
dency for a pesticide to bind with organic col-
loids. Such a pesticide will be less available and 
is less likely to leach in a soil relatively high in 
organic matter. 

Absorption and metabolism by soil microbes: 
Once in the soil, a pesticide can be absorbed by the 
microorganisms present there. Once inside 
microbe cells, unless it is metabolized into a dif-
ferent chemical compound, a pesticide is no longer 
free to exert its toxic action (kill pests) or to be lost 
from the turf-soil environment. There are many 
ways in which an organic pesticide can be acted 
upon by microorganisms, but they all have the 
effect of changing the pesticide into a non-pesticide 
molecule. Soils high in organic matter normally 
are rich in soil microbes, and consequently have a 
high capacity to inactivate a pesticide. 

Chemical degradation in soil: Soils provide a 
chemically active environment that can bring 
about the destruction of some pesticides. Soil 
water not only dissolves pesticides, but places 



Pesticide properly Value indicating probable 
contamination 

Water solubility 30 ppm or greater 
Kc 300 or less 
Half-life: Hydrolysis 175 days or more 
Half-life: Photolysis 7 days or more 
Half-life: Field dissipation 21 days or more 
GUS* 3.00 and higher 

* Ground Water Ubiquity Score 
Modified from Kenna 1995 

them in contact with the chemically active sur-
faces of colloids in the presence of metallic ions. 
When this occurs, some pesticide molecules may 
react chemically and change into inactive com-
pounds. This process does not depend on soil 
microorganisms or organic colloids and can occur 
in mineral soils of low organic content. It requires 
only water and a suitable ionic environment, 
which is present in most soils. 

While most pesticides will be degraded by 
microbial activity, the chemical structure of 
many pesticides is sufficiently stable not to 
succumb to chemical degradation. 

Absorption by roots: A pesticide dissolved in soil 
solution can be absorbed by microbes or roots. In 
the case of root absorbed herbicides or systemic 
insecticides and fungicides, this may be part of its 
intended toxic pesticidal action. The fate of a pes-
ticide within a plant can be similar to that of a pes-
ticide absorbed by soil microbes, however. Many 
pesticides are chemically degraded by metabolic 
processes within plant cells. Others absorbed into 
roots can be carried to the shoots where they can be 
lost when animals graze on the plant or when shoot 
tissues are removed in mowing. Thus absorption 
by roots can contribute to the loss of a pesticide 
applied to turf. 

Ingestion by soil animals: Specific research is 
scarce on this, but the macro- and microfauna in 
soil can also participate in the loss of turf pesti-
cides. Worms, grubs, nematodes, and the entire 
galaxy of soil animals will consume pesticide 
molecules as they ingest soil organic residues, 
microorganisms, roots and each other. Once in 
an animal's body, a pesticide can be metabolized 

or stored in fatty tissues. In either case it is 
removed from active participation in the turf-
soil environment. 

Leaching in percolate water: Pesticide molecules 
that escape all the fates described above and remain 
dissolved in soil water can leach through the soil 
profile, beneath the root zone, and into ground 
water. Once in the ground water, where organic 
and microbial activities are low, the pesticide can 
stabilize and may last for a long time. However, the 
chemical and biological activity of soil under turf is 
so intense that most pesticides do not survive long 
enough to leach into ground water. This will be 
discussed in more detail later. 

The likelihood that a pesticide will be transported 
from the site to which it is applied and contami-
nate ground or surface water depends on how long 
it remains in a form, and at a location in the turf-
soil system, that makes it subject to transport. This 
in turn depends to a large extent on the physical 
and chemical properties of the pesticide and the 
environment in which it is present. Table 2 out-
lines the values for several pesticide properties 
which have been identified as favoring transport to 
surface or ground water. It all comes down to res-
idence time and opportunity. The longer a pesti-
cide remains in the turf-soil environment the 
greater are its chances of being transported from 
the site of application to water bodies. However, 
the turf environment is such that transport from it 
is less likely than from most other environments 
where pesticides are used. 

Direct contact of people with pesticides: Are 
people at risk of coming in contact with pesti-
cides if they use a turf area shortly after chemical 



application? This question can be answered. The 
amount of research addressing it is limited, 
however. Human contact following pesticide 
application can occur via two routes: inhalation 
of volatilized material and contact of skin with 
residues present on the grass surfaces, or on 
clothing that has contacted grass surfaces. 

Pesticide inhalation: As outlined earlier, fol-
lowing application, a pesticide can volatilize into 
the atmosphere. When air containing the pesti-
cide is inhaled, the pesticide can be absorbed 
through the lungs and enter the blood-stream. 
Caution dictates applying pesticides such that 
volatilization is restricted and atmospheric conta-
mination is minimized. 

A study reported by Cooper, Clark, and Murphy at 
the University of Massachusetts showed that 
volatility of pesticides is not uniform: most 
volatilization occurs within the first four to five 
days following application. Volatilization is much 
reduced after that, and declines to nothing within 
a week or two. 

Volatility losses can also be much reduced if turf 
is irrigated shortly after pesticide application 
(Figure 2). Of course, irrigation must be com-
patible with the action and intent of the pesti-
cide. This is true for materials which act pri-
marily through the soil. Materials which must be 
absorbed by leaves (i.e. postemergence herbicides 
used to control broadleaved weeds) would be ren-
dered ineffective if washed off the grass soon after 
application. In some cases, the Massachusetts 
researchers found volatilization increased during 
days two and three following irrigation, and that 
this resulted in slightly increased exposure by 
inhalation over an application not followed by 
irrigation. In general, however, irrigation reduces 
pesticide losses due to volatility. 

As noted earlier, volatility is increased by high 
temperatures, so it is not surprising that most 
pesticides exhibit their greatest vapor loss during 
midday. Increased midday volatilization may 
accentuate inhalation exposure, especially on 
golf courses where midday use is heavy. 
However, when the Massachusetts researchers 
measured the quantity of vaporized pesticide in 
the air and calculated the exposure resulting 
from that level of atmospheric contamination, it 
was in most cases well below established permis-

Irrigated 

DAYS AFTER APPLICATION 

Figure 2. Volatility Losses of Trichlorfon (Proxol) 
Applied to Turf With/Without Irrigation 
(based on Cooper, et al. 1995) 

sible exposure levels. Only the insecticide 
isazofos (Triumph) provided inhalation exposure 
calculated to exceed safe levels. 

All such results must be considered in the context 
of the estimating models' assumptions, however. 
In this case, the model assumed a person playing 
a four hour round of golf would be exposed to 
insecticide contaminated atmosphere throughout 
that period. This is unlikely. In real life, inhala-
tion exposure would probably be much less than 
that estimated. 

These results suggest that inhalation of volatile pes-
ticides can occur, even if infrequently. The wise turf 
manager will exercise caution in using such mate-
rials and take measures to limit their volatilization. 

Pesticide contact to skin and clothes: 
Following application, a pesticide can make skin 
contact. This is most likely if the turf is used 
immediately after spraying, before the liquid has 
dried. Even after drying, some pesticide residue 
may be dislodgeable and can make contact with 
skin and clothing. Shoes and hands are the most 
common sites of residue contact, except with 
children who when playing on a lawn can make 
residue contact pretty much on any part of their 
bodies. The Massachusetts researchers recog-
nized this possibility and wiped turf with moist-
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ened cloths at various times following pesticide 
application (Table 3). Residue adsorbed on the 
surface of the cloth was extracted and analyzed 
for the pesticide. 

Pesticide residues are most dislodgeable and likely 
to be adsorbed on skin within the first hour or two 
following application. After that, recovery of dis-
lodgeable pesticide dropped abruptly. For most 
materials tested, less than 5% of the material 
applied could be removed by wiping. In no case 
were permissible exposure levels exceeded. This 
study also showed that irrigation following applica-
tion dramatically reduced the level of dislodgeable 
pesticide residues. 

While this study only investigated four pesticides, 
these four are representative of those used on turf 
and certainly provide a basis for putting concern 
over human exposure in perspective. If reasonable 
management precautions are taken, significant expo-
sure to pesticides used on turf, either from vapor 
inhalation or through skin contact, is not likely to 
even approach, let alone exceed, established accept-
able levels. Because exposure can occur, however, 
the use of signs to discourage turf use following pes-
ticide application should be encouraged, whether 
required or not. 

Transport with water: The major environ-
mental concern over pesticide use on turf is its 
movement from the site of application and even-
tual contamination of surface and ground water. 
Water is the principal vehicle by which pesticides 
are transported from a site. This can occur 

through surface runoff. It can also occur by per-
colation through the soil. 

The likelihood of a pesticide being washed off a 
site or leached through the soil profile is estimated 
with computer models. These mathematical 
models consider the physical and chemical proper-
ties of the pesticide and its probable interaction 
with a soil. For very large projects, site-specific 
models might be constructed, but for most turf 
managers a reasonable estimate of pesticide trans-
port potential can be obtained from published 
values derived from model determinations using 
standard conditions. 

Pesticide leaching potential: For reasons presented 
below, you will find no values for pesticide losses due 
to runoff in Table 1. Leaching potential can be esti-
mated from Ground Water Ubiquity Scores (GUS), 
derived by matching pesticide properties with char-
acteristics of a normal' soil. These values provide a 
basis for estimating the leaching potential of a given 
pesticide. GUS values of less than 2.0 indicate a non-
leaching material; values between 2.0 and 3.0 denote 
intermediate leaching potential; a GUS value above 
3.0 normally indicates a pesticide with a strong 
leaching potential. 

The USDA Soil Conservation Service (SCS) has 
established a similar system for judging the leaching 
potential of pesticides. SCS rankings are also given in 
Table 1. In this system, small' indicates little 
leaching potential, medium' signifies intermediate 
leachability, and large' indicates a material which is 
highly leachable. 

Time after MCPP Triadimefon Isazophos Trichlorfon 
spraying (Mecoprop) (Bayleton) (Triumph) (Proxol) 

% of pesticide applied 
Day 1 
15 min 0.60 2.4 1.80* _ * _ * * 

3 hr 0.10 1.5 0.01 2.0 0.3 
8 hr 0.10 1.0 0.00 1.1 0.2 
Day 2 0.08 0.6 0.06 1.0 0.4 
Day 3 0.00 0.6 0.02 0.7 0.3 
Total for study 1.00 6.2 1.90 4.8 1.2 

* Non-irrigated 
** Application followed by 0.5" irrigation 

Based on Cooper et al. 1995 

Table 3. Dislodgeable Residues on Leaves of Turf Following Pesticide Application 



Table 4. Organophosphate Pesticides Recovered in 
Clippings and Present in Percolate Water 
from a Sand Green in Florida 

A study of Table 1 shows that leachability is a 
balance between water solubility, adsorption on 
soil colloids (Koc), and the half-life of a pesticide 
in the soil (DT50). Half-life is estimated on a 
compounds tendency to be immobilized and 
degraded by microorganisms. Thus some very 
soluble compounds may leach little if they have a 
high Koc or a short DT50. For example, the fungi-
cide propamocarb (Banol) is highly water soluble 
but also has a very high affinity for organic soil 
colloids (Koc = 1,000,000) and a relatively short 
half-life in soil (DT50 = 30 days) which gives it a 
negative GUS value and an SCS leaching poten-
tial ranking of "small." 

Pesticide leaching from turf has been measured in 
field studies. Snyder and Cisar (1995) compared 
leachability of several pesticides through a sand 
green in Florida (Table 4). This system is prone 
to high water infiltration rates, so pesticide 
leaching would be expected. However, of the six 

pesticides studied, none leached more than 0.2% 
of the material applied. Only the metabolite of 
fenamiphos (Nemacur), which retains the toxi-
city of its parent material, but is more water 
soluble, leached almost 20% of equivalent 
nematicide applied during mid-November. 
Nemacur leaching is a water quality concern 
when it is applied to sandy soils. It is apparent 
that even a highly permeable turf system will 
leach little pesticide due to organic matter 
binding and rapid degradation by microorgan-
isms. Only about 1% of applied pesticide was 
recovered in clippings. Most of it was retained in 
thatch, where it was rapidly metabolized. 

Soil type will influence pesticide leaching, as was 
demonstrated in a study reported by Dr. Martin 
Petrovic at Cornell University (1995). He mea-
sured leaching of pesticides from Penncross 

Terms to Know 
Absorption - the process by which a chemical is 

transported into a plant cell or the matrix of 
a soil colloid. Adsorption - the process by 
which a chemical binds to plant or soil par-
ticle surfaces. Sorption - collective reference 
to both absorption and adsorption. 
Desorption - the release of previously 
absorbed or adsorbed materials. 

Colloid - a particle of small size (< 2 |i diameter) 
that remains suspended in water - will not 
settle out. Soil colloids contain electrical 
charges and have chemically active surfaces. 

Degradation - breakdown (biological or chem-
ical) of a chemical into simpler compounds 
or elemental components. 

Half-life - time required for half the quantity of 
a compound to degrade. 

Leaching - movement through the soil profile 
of a chemical carried by water. Leachate -
the chemical transported in this process. 

Metabolism - processes by which a chemical is 
changed (into tissue, energy, and waste) 
through the action of living organisms. 

Percolation - movement of water through a 
soil profile. 

Vapor Pressure - a measure of the tendency of a 
solid or liquid to volatilize or evaporate. 

Volatilization - process by which a solid or 
liquid changes to its gaseous state. 

Total recovery 
(% of that applied) in 

Dates 
Pesticide applied Clippings Percolate 

Fenamiphos 13 Nov 91 _ 0.06 
(Nemacur) 27 Jan 92 0.38 0.04 

Metabolite of 13 Nov 91 - 17.69* 
fenamiphos 27 Jan 92 0.14* 1.10* 

Fonophos 13 Nov 91 - <0.01 
(Dyfonate) 27 Jan 92 1.17 0.02 

Chlorpyrifos 27 Jan 92 7.87 0.15 
(Dursban) 21 Apr 92 0.52 0.08 

Isazophos 21 Apr 92 0.43 0.09 
(Truimph) 15 Sep 92 0.38 0.02 

Isofenphos 21 Apr 92 0.79 0.02 
(Oftanol) 15 Sep 92 0.89 0.01 

Ethoprop 15 Sep 92 0.44 0.05 
(Mocap) 

* Metabolites expressed as % of parent compound 
applied. From Snyder and Cisar 1995 



creeping bentgrass turf managed as a fairway under 
two precipitation levels (Table 5). Pesticide recov-
ered in the water table 15 inches beneath the turf 
was used to estimate leaching. While this system 
was somewhat artificial, it did show that under a 
worst case scenario, pesticides applied to turf can 
leach to a substantial extent. The highly soluble 
Mecoprop leached more than 60% of that applied 
to a sand based turf under 9.6 inches of rainfall 
occurring during an eight day period following 
application. However, even under these extreme 
conditions, most pesticides leached less than 5% of 
the amount applied. This study makes the case as 
well as any for the limited propensity of turf to 
leach pesticides into ground water. 

Pesticide runoff potential: Runoff is not nor-
mally a major problem in turfgrass management. 
Studies at Pennsylvania State University and the 
University of Rhode Island have shown that water, 
even during a heavy rain, will not normally run off 
a well established dense turf. Dr. Tom Watschke at 
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Table 5. Pesticide Leaching from Experimental 
Fairways with Three Soil Types and Two 
Precipitation Levels 

Precipitation Soil type 

Pesticide amount Sand Sandy loam Silt loam 

inches/8 days % of applied pesticide leached 

Isazophos 4.4 10.4 0.04 0.68 
(Triumph) 9.6 5.6 0.09 0.30 

MCPP 4,4 51.0 0.79 0.44 
(Mecoprop) 9.6 62.1 0.46 1.25 

Trichlorfon 4.4 1.2 1.13 0.63 
(Proxol) 9.6 3.4 4.41 3.33 

Triadimefon 4.4 1.0 0.06 0.24 
(Bayleton) 9.6 2.4 0.01 0.28 

Based on Petrovic 1995. 

Pennsylvania was forced to create a rainfall inten-
sity comparable to a once per hundred year storm 
(6 in./hour rainfall) before he could measure sig-
nificant runoff. In Rhode Island, runoff was only 
recorded during the winter, when rainfall occurred 
on frozen ground. Because of this limited capacity 
for runoff, it is generally considered unlikely that 
surface movement of pesticides from turf will aor-
mally be a problem. 

In the southeastern states, however, surface flow 
of water from turf is more commonly observed. 
The greater frequency of very heavy summer 
storms creates more opportunities for high inten-
sity precipitation events. Also, the sandy clay soils 
common to much of the Southeast have lower 
infiltration rates than the sandy loams of the 
Northeast. For these reasons, researchers in this 
region have become more concerned with pesti-
cide runoff and recognize it as a potential 
problem. A1 Smith (1995), working at the 
Georgia Station in Griffin, GA, studied pesticide 
runoff from Bermudagrass turf growing on a 5% 
slope. Following an application of three herbi-
cides to simulated fairways, runoff was measured 
for a 25-day period during which time seven arti-
ficial and natural precipitation events occurred. 
Of the total water received by the turf during this 
period, 42% left the plots as runoff and approxi-
mately 8% of the herbicides applied were lost 
with this water. Eighty percent of this herbicide 



loss occurred during the first simulated rainfall 
following pesticide application (2 in./hour). It 
appears that wherever soils and rainfall are heavy, 
turf managers must consider runoff as a route of 
pesticide loss and probable vehicle for surface 
water contamination. 

Several turf researchers (Kenna 1995) noted that 
both leaching and runoff of pesticides applied to 
turf was significantly less than that predicted by 
models designed to estimate pesticide fluxes in 
agricultural cropping systems. This may indicate 
that the GUS values and SCS rankings cited in 
Table 1 overestimate pesticide transport rates from 
turf. If so, this is undoubtedly due to the greater 
intensity of metabolic activity in the thatch and soil 
of a turf-soil ecosystem. The generally higher 
organic content of soils under turf promotes 
increased microbial activity; and this in turn speeds 
the metabolism of pesticides and facilitates their 
degradation. As a result, the potential for pesti-
cides escaping from turf and contaminating surface 
or ground water is probably below that of any other 
managed land use. 

Dr. Richard J. Hull is a professor of Plant Science and 
Chairman of the Plant Sciences Department at the 
University of Rhode Island. He has degrees in agronomy 
and botany from the University of Rhode Island and the 
University of California at Davis. His research has con-
centrated on nutrient use efficiency and photosynthate 
partitioning in turfgrasses and woody ornamental plants. 
He teaches applied plant physiology and plant nutrition. 
His most recent TurfGrass TRENDS article was published 
in the June 1995 issue. 

Erratum 

On page 7 of the May 1995 issue of TurfGrass 
TRENDS, Metalaxyl was inadvertantly included in 
Table 3 as increasing the severity of red thread and 
Rhizoctonia diseases. Metalaxyl is not known to 
enhance these diseases. We regret the error. 

Relationships among 
Soil Insects, Soil 
Insecticides, and Soil 
Physical Properties 
by Michael G. Villani 

Insecticides are applied to the soil for the control of 
Japanese beetle and other scarab grub species in 
areas where these pests damage the roots of turf-
grass and landscape ornamentals. A noted chemist 
researching the use of insecticides for controlling 
soil insects once commented that, the more we 
learn about the interaction of the soil environment, 
insect behavior, and insecticide properties, the 
more we recognize it is a wonder that soil insecti-
cides are ever effective in controlling insects. 

Controlling soil insects in turfgrass is especially 
difficult because, in contrast to agricultural and 
garden uses, turf insecticides are not usually 
incorporated directly into the soil. We must rely 
on the movement of insecticide down into the soil 
where grubs are feeding to provide sufficient cov-
erage for control. 

Although many studies have been carried out to 
determine how specific insecticides act in the 
field, there is little information available on soil-
insecticide-insect interactions that accurately 
predict insecticide performance in controlling this 
pest complex. 

With this rather pessimistic starting point, I would 
like to discuss several reasons why soil insecticides 
should not be expected to kill white grubs in turf-
grass and suggest how turfgrass managers might 
mitigate the impact of these factors, thereby 
increasing insecticide activity. Following this, I will 
present a case study undertaken by Dr. Rich 
Cowles (Connecticut Agricultural Research 
Station, New Haven) and myself in which we 
determined the impact of soil physical properties 
on the performance of several turfgrass insecticides 
labeled for use against Japanese beetle grubs. This 
study was carried out in several California soils. 



Breakdown on foliage and surface 

Insecticides deposited on grass blades and the soil 
surface are exposed to heat and ultra-violet radia-
tion from the sun, which tend to decompose and 
deactivate them rapidly. Liquid insecticide must be 
washed off the grass blades, stems, and crowns 
before it has the opportunity to dry. Granular 
insecticide must also be watered soon after applica-
tion to wash the active material off the carrier (clay 
or corn cob particles) and down to the lower 
thatch. For this reason, irrigation is essential for 
maximum soil insecticide activity against white 
grubs. If irrigation is not feasible, soil insecticides 
should be applied just before (or during) a pre-
dicted period of light, persistent rain. 

As already discussed in some detail, the movement 
of pesticides into the ground water has been a 
matter of great concern. Research with turfgrass 
insecticides indicates that much of the active ingre-
dient applied tends to become trapped in the 
thatch zone and thus does not move deep enough 
to reach grubs feeding at the thatch/soil interface. 
This has helped reduce fears that turfgrass insecti-
cides cause significant groundwater problems; at 
the same time, however, it also makes grub control 
much more difficult. 

Two major properties affect the movement of 
insecticides within the soil profile: water solubility 
and adsorption to organic matter. 

Insecticides vary widely in their water solubility. 
The solubility of various turfgrass insecticides (tech-
nical grade) can be seen in Figure 1. Of the com-

pounds recommended for grub control, trichlorfon 
(Dylox) has the highest solubility, while chlor-
pyrifos (Dursban) has the lowest. Solubility deter-
mines how rapidly insecticides are washed from tur-
fgrass stems and blades, and from carrier particles. 
In general, in the absence of significant thatch accu-
mulation, irrigation with at least 1/2 inch of water 
immediately after application should allow enough 
insecticide to penetrate into the upper root zone to 
insure adequate coverage of feeding grubs. 

Thatch consists of decomposing grass blades and 
stems and other organic debris that accumulates 
between the soil surface and turfgrass foliage. 
Insecticides applied to turfgrass are absorbed by 
organic matter, preventing their movement to the 
soil surface. Because of their short residual activity 
(often less than one month), for modern soil insecti-
cides to be effective they must move down through 
the thatch zone rapidly. In general, those insecti-
cides that are least water soluble (chlorpyrifos, for 
example) have the greatest chance of being bound to 
thatch, while more soluble materials (trichlorfon, for 
example) are less affected. An exception to this 
general rule is bendiocarb (Turcam) which is rela-
tively insoluble, but is less sensitive to thatch than 
are other, more soluble materials. 

The propensity of turfgrass insecticides (technical 
grade) to bind with organic matter can be mea-
sured by determining the quantity of thatch 
required to bind a specified amount of insecticide. 
Figure 2 illustrates this. While high levels of soil 
organic matter or thatch will result in significant 
tie-up of any insecticide, chlorpyrifos has such a 
high affinity for organic matter that it is unsuitable 
for use as a grub control agent in organic soils. 

Relative Water Solubility of Turfgrass Insecticides 
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Figure 1. Relative solubility of turfgrass insecticides. 
Adapted from Tashiro 1987. 
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Figure 2. Binding affinity of turfgrass insecticides to 
thatch. Adapted from Niemczyk and Krueger. 1982. 
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Organic matter in soil also influences insecticide 
activity. Soils with organic matter levels greater 
than 5% can cause significant reductions in insec-
ticide activity due to the chemical binding of insec-
ticide molecules to soil organic matter. 

Breakdown in soil 

The physical and chemical components of a soil will 
also affect the longevity of soil insecticides. Most 
insecticides are extremely sensitive to high (basic or 
alkaline) pH. Trichlorfon (Dylox) will remain for 
several weeks in an acidic soil, for several days in a 
neutral soil, and only for several minutes in extremely 
basic soils. Most other grub insecticides are less sen-
sitive to soil pH. For example, the impact of pH on 
the half-life (the length of time required for half of 
the insecticide to break down) of carbaryl (Sevin) can 
be seen in Figure 3. As pH increases, the insecticide 
decomposes much more rapidly (decreased half-life). 
Diazinon (Diazinon) is the only common turf insec-
ticide that is acid-sensitive and will remain active for 
longer periods in slightly basic soils. High tempera-
ture, high levels of organic matter, and high clay 
content are other soil physical properties that tend to 
be associated with poor insecticide performance. 

Soil is more than just a pile of dirt. Each cubic 
inch of soil contains millions of microscopic 
organisms that can break down insecticide mole-
cules. Soils with large numbers of these microbes 
are termed 'aggressive,' due to the rapid rate at 
which some insecticides decompose in them. 
Although studies have suggested that a soil may be 
selectively aggressive (impact only a particular 
insecticide), other studies indicate that an aggres-

Fieure 3. Relationship between pH and half-life of Sevin. 
Adapted from Tashiro et al. 1987. 

sive soil may have the ability to break down a 
number of turf insecticides. 

Soil analysis for pH is the single most important 
tactic in reducing rapid soil insecticide decomposi-
tion. The testing of tank mixtures and irrigation 
water for pH levels will also reduce the chance of pre-
mature loss of insecticidal activity. Soil testing for 
percent organic matter and texture will also help 
predict if a site is predisposed to insecticide failure. 
There are no practical methods for deactivating an 
aggressive soil. Where a steady, persistent decline in 
a products activity has been documented, the best 
alternative is to switch insecticides. 

Environmental Factors 

In general, insecticides are most effective at warmer 
temperatures. In turfgrass, this is due both to the 
activity of the insecticide and the activity of the 
insects. Improved performance of an insecticide in 
warmer soils can most often be traced to an increase 
in volatility (evolution of vapors) of the insecticide, 
which increases as soil temperature increases. 
Unfortunately, as volatilization increases, insecticide 
levels in the soil fall, thereby reducing the insecticides 
residual impact. 

Insects are cold-blooded animals. As such, their 
activity is directly related to the temperature at which 
they are living. Grubs tend to feed and move more 
at higher soil temperatures. Since the effectiveness of 
an insecticide depends in part upon the amount of 
toxin an insect ingests, and how much toxin is 
absorbed through their cuticle (skin), an actively 
moving and feeding grub will contact greater 
amounts of insecticide than will a cold, sluggish grub. 

Due to the relative immobility and short residuals 
of modern insecticides, the location of grubs in the 
soil will in part determine how successful an insec-
ticide application will be in controlling them. 
Research indicates that, under normal conditions, 
insecticides will not be found at lethal concentra-
tions at soil depths greater than one inch (or less, 
depending upon thatch levels). Environmental 
conditions can cause some or all grubs to move 
below the critical one inch depth. For example, 
grubs will move down into the soil profile in mid-
to late-fall to escape winter temperatures; they will 
not return to the root zone until the soil warms in 
the spring. Extreme summer drought can cause 
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grubs to escape down into the soil, where cooler and 
wetter conditions are often found. Although grubs 
may move only an inch or two down into the soil to 
escape these dry conditions, that may take them 
deep enough to escape a toxic level of insecticide. 

Biological factors also cause grubs to be found deeper 
in the soil than expected. At high densities (more 
than 80-100 large individuals per square foot), grubs 
tend to disperse in the soil, often over a depth of two 
to three inches. They do this to allow some space 
between themselves and neighboring grubs, since 
they bite and kill each other if they are packed too 
closely. Turf root growth, grub species and develop-
ment stage, and soil compaction and texture all affect 
the vertical distribution of grubs in the soil, and indi-
rectly, the effectiveness of grub insecticides. 

Not all insecticides (or grubs) are 
created equal 

Every soil insecticide has a characteristic lag period 
from application of the material to maximal mor-
tality of the targeted insect. This may range from 
several days for trichlorfon to several weeks for a 
more slowly acting product such as bendiocarb. The 
presence of this characteristic lag period must be 
taken into account when choosing a grub insecti-
cide. A fast-acting, short-residual product may not 
reduce grub populations to levels one expects from a 
longer-residual product. It also requires much 
greater care in timing the application to ensure eggs 
have hatched and young grubs are actively feeding at 
the thatch/soil interface. Such a product might be 
ideal for spot treatment of heavily infested turf, or 

Figure 4. Field performance of Turcam and Dylox against 
Japanese beetle grubs. Villani, unpublished data 1992. 

alternatively, may be used on turf late in the fall or 
spring when persistence is not required, but rapid 
activity is. Conversely, a highly effective, long-
residual, slower acting insecticide may be chosen 
when treating in late summer, when damage from 
small grubs will be minimal and increases in the 
grub population from unhatched eggs are possible. 
One should know the characteristic lag time for the 
various grub insecticides and use this information to 
help determine the most appropriate insecticide for 
grub control under specific management situations. 

In an illustrative study, field rates of granular Turcam 
and Dylox were applied in early August to an irri-
gated golf course fairway in Syracuse, NY, that was 
infested with first instar Japanese beetle grubs 
(Figure 4). Grub counts were taken three, seven and 
twenty-one days after treatment to determine the 
specific lag time of these two products and the ulti-
mate control achieved. Dylox provided greater 
initial grub reduction (three and seven days post-
treatment) but short-residual activity curtailed 
overall grub mortality at twenty one days. By com-
parison, Turcam exhibited an extended lag time as 
seen in higher grub counts at three and seven days 
post-treatment. However, Turcams longer residual 
activity resulted in continued grub reductions, as 
noted at the three-week evaluation point. 

Although lawn grubs often appear similar, some 
species of grubs are more difficult to control than 
others. In a laboratory study conducted at Cornell 
University, the relative activity of the grub insecti-
cide Turcam (bendiocarb) was tested against three 
common grub species found in New York State 
(Figure 5). This product proved much less effective 
against European chafer grubs than against the 

Figure 5. Relative activity of Turcam against three scarab 
grub species. Adapted from Villani and Wright. 1988. 
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another. Figure 6 shows 
how three of these factors 
compared in each of the 
five soils. 

Figure 6. Results of Cornell University study that evaluated 
labeled turfgrass insecticides to control third instar Japanese 
California soils. Adapted from Cowles and Villani 1994. 

other two grub species. Knowing which grub 
species you are dealing with will often lead to 
improved pest control. The rate of mortality for 
each grub species can also be measured, and is an 
indication of the specific lag time against each of 
those species for each insecticide used. 

A laboratory study conducted at Cornell University 
showed significant differences in the activity of 
several turfgrass insecticides against third instar 
Japanese beetle grubs (14 days post-treatment) in 
differing California soils. Small laboratory arenas 
provided data on the interaction of five soils with 
four insecticides and a parasitic nematode. Larger 
arenas allowed us to simulate field-type applica-
tions of insecticide and to provide for more real-
istic mobility of insecticides and grubs in the soil 
profile. Five California collection sites were 
chosen, based on risk of Japanese beetle infesta-
tion. At all of these sites, turf, thatch, and weeds 
were scalped off the surface and shipped to the 
New York state Agricultural Experiment Station for 
soil analysis and grub bioassay. The Japanese beetle 
grubs were field-collected from a golf course rough 
in central New York. 

Our initial evaluation of insecticide activity indi-
cated that the various insecticides differed in 
activity across soil types. It also indicated that soil-
related factors accounted for significant differences 
in activity of all insecticides from one soil to 

the performance of 
beetle grubs in five 

Regardless of the soil in 
question, there were clear 
differences in the grub-
controlling performance 
of the several insecti-
cides. Triumph proved 
the most effective and 
Sevin the least effective 
in this particular study. 
Remember, an insecti-
cide may not provide 
acceptable control of an 
insect pest, even where 
environmental condi-
tions for insecticide per-
formance are ideal. For 
all insecticides tested, 

however, grub survival was much poorer in some 
soils than in others. The performance of all insec-
ticides in the Mendocino soil was generally poor; 
the performance of all in the San Mateo soil was 
significantly better. 

Standard soil testing procedures were employed to 
help determine the contribution of specific soil 
properties to the differing activity of the insecticides 
in differing soils. The variables examined included 
soil pH, water holding capacity (soil with low water 
holding capacity tends to allow more rapid move-
ment of water into the soil profile), and percent 
organic matter (Figure 7). 

Physical Properties of Soil 

Water Holding 
Organic Matter 
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Figure 7. Determination of the water holding capacity, 
percent organic matter and pH of soils in California 
study. Adapted from Cowles and Villani 1994. 



Figure 8. Results of regression analysis to determine the 
effect of soil pH on the performance of Sevin based on 
California study. Adapted from Cowles and Villani 1994. 

Observed pH ranged from a low of 5.43 for San 
Mateo (acidic) to a high of 7.47 for Orange 
(neutral/basic). Water holding capacity ranged 
from a low of 2.98 for San Mateo to a high of 3.62 
for Mendocino. Percent organic matter ranged 
from a low of 2.43 for Orange to a high of 10.07 
for Mendocino. 

Taken together, these variations help us begin to 
understand how specific soil properties can 
interact to cause performance differences in 
insecticides in field soils. It is also possible to 
determine how individual soil properties, taken 
separately, affected grub mortality and con-
tributed to the overall performance of a given 
insecticide in a given soil. 

An example is our determination of the impact of 
soil pH on the activity of Sevin (carbaryl) against 
Japanese beetle grubs (Figure 8). As soil pH 

Effect of Organic Matter in Soil on 
Grub Insecticide Efficacy 
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Figure 9. Results of regression analysis to determine the 
effect of soil organic matter content on the activity of 
Turcam and Dursban. Adapted from Cowles and 
Villani 1994. 

increased (became more basic) the percent of grub 
mortality decreased. One factor in this equation, 
the impact of pH on the residual activity of Sevin, 
is shown in Figure 3. 

The impact of organic matter on the performance 
of bendiocarb (Turcam) and chlorpyrifos 
(Dursban) against Japanese beetle grubs was deter-
mined In a similar way. Grub mortality decreased 
as the percent organic matter in the soils increased 
(Figure 9). Percent grub mortality averaged 96% 
for Turcam and 94% for Dursban when soil 
organic matter was low (about 3%) but dropped to 
75% for Turcam and 80% for Dursban when soil 
organic matter rose to 10%. The discussion above 
on the impact of soil organic matter explained this 
by noting that organic matter in the soil will bind 
with insecticides, making the insecticide molecules 
unavailable for grub control. 

The impact of two simulated irrigation regimes 
on the activity against Japanese beetle grubs of 
two turf-grass insecticides and an entomogenous 
nematode (S. glaseri) was also determined (Figure 
10). In each treatment, grub mortality was 
higher at the higher irrigation level (1 in. equiva-
lent) than in the lower irrigation regime (1/8 in. 
equivalent). Improved insecticide activity at the 
higher irrigation rate can be assumed to be the 
result of better overlap of insecticides and grubs 
— i.e., deeper penetration of insecticides — in 
the soil profile. This improved overlap can be 
due to increased movement of control agents 
down into the root zone, movement of grubs up 
to the thatch/soil interface, and increased grub 
feeding at the interface. 

Effect of Irrigation Rate on 
Grub Insecticide Activity 
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Figure 10. Impact of irrigation on the performance of 
turfgrass insecticides. Adapted from Cowles and 
Villani 1994. 
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Conclusions 

As is very often the case, carefully controlled labora-
tory research has reinforced the observations of turf-
grass managers that environmental factors such as 
temperature and rainfall, and soil factors such as pH, 
percent organic matter, and water holding capacity 
influence the performance of soil insecticides in con-
trolling scarab grubs. Specific properties of insecti-
cides, such as characteristic lag time, affinity to 
thatch, and solubility then reduce or compound the 
effects of these environmental conditions. 

Dr. Michael G. Villani is an Associate Professor of Soil 
Insect Ecology in the Department of Entomology at 
NYSAES/Cornell University. He has degrees from the State 
University of New York at Stony Brook and — in ento-
mology — from North Carolina State University. Dr. 
Villani, who is active in both research and extension work, 
concentrates on the interrelationships between soil insects, 
their host plants, and the soil environment. His most 
recent contribution to TurfGrass TRENDS appeared in the 
June 1995 issue. 
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How to Minimize 
Unintended Movement 
of Pesticides 
by Christopher Sann 

A cursory examination of all the factors involved in 
pesticides applied to turfgrass moving off-site can 
leave even experienced turfgrass managers shaking 
their heads and muttering "Where do you start?" The 
task of deciding which pesticide to use, in what for-
mulation, and how and when to apply it, is already 
challenging. It pales in comparison to having to con-
sider product solubility, affinity for adsorption, per-
sistence, vapor pressure, and runoff and leaching 
potential — not to mention site environment, host 
condition, topography, and soil characteristics. 

The only way turfgrass managers can deal with all 
the data and processes in keeping pesticides from 
moving to undesired locations, is to develop and use 
a conscious decision-making process. The following 
discussion "walks" the reader through much of what 
must be considered. This framework can be used "as 
is," or modified to correspond to your needs. 

No matter how this framework is configured, there 
are some universals that need to be addressed. 
These universals apply to decide on control action, 
regardless of whether or not movement off-site is a 
serious consideration. 

Action 1 - Decide if control action is required 

Step 1 - Locate the pest: The full extent and location of a 
pest infestation needs to be accurately identified and 
mapped, so that the control action selected can be 
applied to the proper location in the appropriate manner. 

Step 2 - Identify the pest: Make sure that the pest 
targeted for your action is in fact the pest that is 
causing the problem. At sites where multiple pest 
identifications are likely, have your diagnosis con-
firmed by a "second opinion," by off-site micro-
scopic examination, or a diagnostic lab. 

Step 3 - Determine the development stage of the 
pest, then determine the growth stage of the insect 
or weed pest, or how far a disease has progressed. 



Step 4 - Determine the magnitude of the infesta-
tion: Try to gauge the size and density of the infes-
tation. Locating, identifying, and determining 
development stages are important, but it is also 
important to have some idea how "bad" — how 
intensive and extensive — a problem is. Small prob-
lems may require little or no corrective actions. 

Step 5 - Determine the need for a control action: 
Determine if the problem exceeds your treatment 
threshold for that site. What is a big problem to 
some managers is not a big problem to others. 

Once you have decided that a control action is 
required, determine how best to contain that action 
and its consequences to the site. Serious action may 
be called for. However, you must adhere to local, 
state, and federal regulations. 

Action 2 - Analyze the site to determine whether 
the movement of pesticides to non-target locations 
is possible and/or probable. 

Step 1 - Determine the following: 

A) Host species 
B) Level of growth or development (seedling, juve-

nile, mature) 
C) Level of activity (growing or dormant) 
D) Use patterns and cultural practices (cutting 

height, etc.) 
E) Recent activities on the site 
F) Current or predictable level of environmental 

stress for the site. 

Step 2 - Analyze this information. These considera-
tions are important because some species have dense 
foliage and root masses that can restrict pesticide 
movement while others do not. Seedling (up to one 
year old) turf stands are prone to runoff and 
leaching; juvenile (1 to 3 years old) turf stands are 
also prone to leaching; mature (older than 3 years) 
turf stands will often limit movement. Soil com-
paction and length of leaf cut can affect movement 
off-site. Have you already treated the site? Is the 
plant host in the proper condition to accept a sys-
temic control material? Do environmental condi-
tions prohibit the use of any pesticides or herbicides? 

Step 3 - Analyze site structure. Do slopes or other 
features of the site topography increase the possi-
bility of runoff or leaching? Are there obvious 
drainage patterns within the site? Are any of these 

near, or does one of them lead to a body of water, 
above or below ground? 

Soil: Is the soil at the site open and porous, layered, 
or compacted? Is there thatch on it? Does the soil 
have a low (0-1%) or high (4-5%) organic content? 
What is the current soil pH? And, what is the current 
soil water content: bone dry (8-10%) or saturated 
(greater than 40%)? 

Porous soils or those with high sand content can be 
prone to leaching. Soils with little or no thatch, and 
soils low in organic content, are prone to both runoff 
and leaching. The pH of soil, irrigation water, and 
tank mix water all have a dramatic effect on pesticide 
half-life. Low or high water content in soil can bind 
up, displace, or leach pesticides. 

Step 4 - Analyze site environment. Do air flow, 
shade level, site orientation with respect to the sun, 
prevailing wind direction, and natural or supple-
mental water availability affect the permanent site 
conditions? What have been recent weather condi-
tions (temperature, humidity, wind speed and 
direction, cloud cover, and precipitation) that 
could affect movement? What are the current site 
weather conditions? What is the weather forecast? 
What are site historical trends that can be extrapo-
lated for the future? 

Air movement over a site relates directly to the 
potential for volatilization (more air flow, more 
potential for movement). Areas with moderate to 
deep shade often have evaluation problems causing 
granular formulations to adhere to leaf surfaces. 
Wetness increases the movement of liquid applied 
materials by water flow or traffic. Materials applied 
to south- or west-facing sites with sloping grades 
may be more subject to photo degradation or rapid 
volatilization, necessitating reapplication. Sites 
without supplemental watering facilities or areas 
that are blocked from rainfall may not be good 
locations for products that require supplemental 
watering or rainfall soon after application. 
Temperature, humidity, wind direction and wind 
speed all affect volatilization/evaporation. Sunlight 
and current or predicted rainfall can affect all three 
of the possible means of pesticide movement. 

Action 3 - The next step in the process is to use all of 
the pest and site information you have gathered to 
decide whether a pesticide-based or a non pesticide-
based solution will solve the problem. 



It is easy to just opt for the pesticide-based solution. 
The better answer, however, is to opt for the solution 
that is most cost-effective. For instance, non pesti-
cide-based control solutions such as keeping fertilizer 
applications to a minimum are less costly than their 
pesticide-based counterparts. 

If you decide to use non pesticide-based controls, 
the process monitoring the effectiveness of the 
control action(s) selected cycle back to the begin-
ning. If, however, you choose to use a pesticide, 
you must then choose which one. 

Action 4 - If you decide to use pesticides, develop a 
list of the pesticides and their different formulations 
that are appropriate for your situation and that are 
available. Try to list the products by efficacy. Check 

Table 1. Six Contamination-Relevant Characteristics of ] 

available reference materials -including those pre-
sented in this issue of TurfGrass TRENDS - for 
information on solubility, adsorption, and persis-
tence, as well as displacement and leaching potential. 

Action 5 - Compare the site specific information 
gathered in Action 2 with the list of products and 
their potential movement characteristics (see Dr. 
Hull's Table 1). In comparing these data the best 
pesticide choices should emerge. 

Here's an example to illustrate. The problem is a mod-
erate to heavy "Dollar Spot" infestation that is dam-
aging a juvenile bluegrass stand on a sloped area at the 
back of a green. The area immediately below the slope 
drains into a small stream. Supplemental watering is 
available and rainfall is not forecast for the next five 

Continued, on page 20 

e Fungicides (based on Hull supra) 

Fungicide Number of 
Applications 

Solubility Adsorption Persistence Runoff Leaching 
Potential 

"A" two low moderate/ moderate medium nonleacher 
high 

"B" one low moderate long small/ inter-long 
medium mediate 

"C" one low moderate moderate medium nonleacher 
"D" one low moderate long large inter-long large 

mediate 
"E" one low moderate moderate medium inter-

mediate 
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days. Which fungicide would offer the lowest proba-
bility of movement off-site, while still providing excel-
lent control of this "Dollar Spot" problem? 

Five products - let's refer to them here as "A" 
through "E" - offer excellent control of "Dollar 
Spot." Three of the five are systemics; two are 
contact fungicides. Table 1 compares these five 
products on a number of relevant dimensions. 

Combining the movement-related information from 
the table, the products' use specifications, and the 
location data collected earlier yields the following 
comparison. This comparison should be made in 
terms of the "pluses" and "minuses" of each product. 

Product "A's" pluses are low solubility, moderate/ 
high adsorption, and nonleaching; its minuses are 
moderate persistence, medium runoff, and the pos-
sible need to make a second application. Product 
"B's" pluses are one application, low solubility, mod-
erate adsorption, small/medium runoff; its minuses 
are long persistence, and intermediate leaching. 
Product "C's" pluses are one application, low solu-
bility, moderate adsorption, nonleaching; its minuses 
are moderate persistence, and medium runoff. 
Product "D's" pluses are one application, low solu-
bility, moderate adsorption; its minuses are long per-
sistence, large runoff, and intermediate leaching. 
Product "E's" pluses are one application, low solu-
bility; its minuses are low adsorption, moderate per-
sistence, medium runoff, and intermediate leaching. 

Of the five products, the systemics "B," "D," and 
"E" do not appear to be the best choices in this sit-
uation. The two contact fungicides, "A" and "C," 
are marginally better choices, with "C" being a 
better choice than "A" because of the strong possi-
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bility of one application controlling the "Dollar 
Spot." Add to this the fact that, according to the 
labels, "C" can control the disease with one half to 
one fourth the needed active ingredient. 

Action 6 - Select a product, choose the formula-
tion of that product that is most appropriate. In the 
case of the example, both "A" and "C" are available 
in both liquid and granular formulations. 
Granulars are difficult to apply uniformly to sloped 
areas, they offer the possibility of dislodging from 
juvenile turf, and contact fungicides are more effec-
tive when applied as sprays. 

Action 7 - Decide when the application should be 
done. In the example outlined above, there is no 
rainfall forecast for the next five days and the sup-
plemental watering is controllable, so the applica-
tion should be made as soon as possible. 

Conclusion 

Even if limiting the likelihood of off-site movement 
of applied pesticides has not been a regular consider-
ation in your pest control plans, you should take the 
potential for such movement into your calculations. 
The process described above should help you accom-
plish this. In the long run, your gain - measured both 
in dollar savings and environmental protection - will 
be more than worth it. 

Christopher Sann, one of the founders of TurfGrass 

TRENDS, is currently its Field Editor. He has spent 22 

years in the field as a lawncare professional and consultant. 

His most recent contribution to TurfGrass TRENDS 

appeared in the May 1995 issue. 
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