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Field Testing of Biological 
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Over the last two decades, there has been a steadily increasing outcry for alter-
natives to standard, synthetic pesticides. Rachael Carson's "Silent Spring" was 
the first major alarm sounded pointing out that synthetic pesticides can often 
have widespread and undesired affection animals and the environment. In the 
1970s and 1980s, environmental groups, politicians and celebrities continued 
to decry the use of pesticides. Eventually, whether founded in fact or fiction, 
many people began to question the use of pesticides and sometimes attempted 
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1. Northern masked chafer grubs. The one on the right is normal, the one on the left is 
infected with a milky disease. Notice the drop of blood at the end of the snipped leg. It 
is clear in the normal grub and milky in the infected grub. 
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to get local regulations passed that 
would ban their use in domestic land-
scapes and on school grounds. Many 
home owners now are requesting that 
pesticides not be used unless absolutely 
necessary and many more are seeking 
alternatives to standard pesticides. 

Entomologists have long been aware 
that most insect and mite pests have 
many predators, parasites and 
pathogens (lethal diseases) that can keep 
their populations below damaging 
levels. However, with the development 
of synthetic insecticides, much of the 
work on these biological controls was 
abandoned until the last two decades. 
This renewed interest in biological con-
trols is in response, not only to the 
public outcry for alternatives, but 
because continued use of pesticides has 
resulted in the emergence of pests resis-
tant to many pesticides and the uprising 
of "secondary pests." Secondary pests 
arise when their normal natural controls 
are killed by pesticides. Without these 
biological controls there is nothing to 
stop the increase of these pests to dam-
aging numbers. 

Because predators and parasites of 
insect pests are often difficult to rear 
and manage, many entomologists have 
turned to their pathogens - fungi, bac-
teria, virus and nematodes. These bio-
logical controls may be mass reared and 
are often applied as if they were regular 
pesticide sprays. This has given rise to 
the term "biological pesticide." 

One of the confounding problems 
found, when developing a biological 
pesticide, is the field testing of these 
living organisms as if they were non-
living, chemical pesticides. The process 
of developing a new biological pesticide 
is difficult and expensive. In order to 
bring a biological pesticide to market, a 

company has to discover the pathogen, 
learn how to produce it, test it in small 
plots, test it in larger production set-
tings, and market their new product. 

How are biological 
pesticides discovered? 

Location and identification 

Many university and industry scien-
tists are busy searching the globe for 
any new species or strains of diseases 
that attack harmful insects. These 
searches take several forms. Looking at 
native populations of the target pest 
may uncover significant natural con-
trols, especially if the pest is an import 
to the US (i.e., Japanese beetle popula-
tions in Japan and China). Often, 
insects that are closely related to the 
target pest yield diseases with control 
potential (i.e., looking at sugar cane 
grubs for diseases that may attack turf-
grass infesting grubs). Other scientists 
look for new forms of known 
pathogens (i.e., simply by taking soil 
and dust samples from around the 
world, we now have over 5,000 strains 
of Bacillus thuringiensis, a known insect 
pathogen). 

In many cases, an infected insect is 
found and collected. The specimen 
may be used to expose additional 
insects so as to get more infected insects 
and increase the amount of the 
pathogen for further work. In other 
cases, especially if the pathogen looks 
like a genus of a known pathogen, the 
disease may be cultured on an artificial 
medium in order to get a larger sample. 
These samples are then "characterized" 
by standard microscopic examination 
(e.g., spore size and shape) or by mole-
cular methods (e.g., protein characteri-



zation, genetic makeup, etc.). Tests have to be per-
formed to determine if the pathogen is, indeed, 
lethal to a target pest and if the new pathogen is an 
improvement over known pathogens. If the 
pathogen is sufficiently different from known exam-
ples and is an improvement, further development 
takes place and the pathogen is often "patented" in 
order to protect any future economic benefits. 

Screening problems 

Standard screening for new pesticides is usually tar-
geted against the damaging stage of a pest while 
biological controls may be active only on specific 
stages or ages of pests. Japanese beetle adults can 
dine happily on one of the new BT strains while the 
larvae, especially young ones, are killed rather 
quickly. This brings up another problem with 
screening - using standard ages of the target. Many 
laboratory tests are performed on newly hatched 
insects. These tiny insects, all of the same age, serve 
as ideal experimental animals, but in nature, insect 
populations occur in mixed ages. As an example, 
several BTs will kill first instar sod webworms but 
little or no effect is obtained against the fourth, 
fifth and sixth instars. In cool-season turf in late 
June, there may be first through sixth instar blue-
grass sod webworms present in any patch of turf. 
Therefore, standard screens using a uniform age-
class of insects does not mimic field conditions. 

2. Japanese 
beetle grubs 
infected with 
Beauveria 
fungus. 

Field testing - small plots 

Figuring dose 

Standard pesticide screens usually involve a range of 
concentration so that a dosage rating, usually the 
LD50, can be determined. However, with many 
biological pesticides a single spore or nematode can 
potentially kill the insect. Therefore, when varying 
concentrations of a pathogen yields no LD50, how 
does one determine the amount to use in the field? 
In many cases, simple guesses are made! 

Benefits of small plot tests 

Small test plots, usually in the range of ten by ten 
feet or less, are useful because small amounts of the 
pathogen can be used, the pest populations can be 
measured easily and are probably more uniformly 
present than in larger areas. Applications can also be 
determined more precisely by using highly calibrated 
equipment, and special environmental needs can be 
met, such as immediate watering. In these small 
plots, extreme ranges of the biological pesticide can 
be applied in order to better determine what the 
actual dosage has to be to perform adequately. 

Small plot problems 

A turfgrass stand is a complicated habitat. This 
habitat consists of the turf plants (leaves, stems, 



roots), thatch, soil of varying textures and chemical 
makeup, changing moisture levels, other microbes, 
insects and animals. This is obviously very dif-
ferent from the laboratory petri dish in which a 
target insect and pathogen have been placed 
together. Therefore, most initial small plot tests 
involve a bit of "just tossing it out" (the pathogen, 
that is) experimentation. If this general toss 
doesn't work, then further tests are needed to try 
and hold some of the turf habitat traits constant. 
Sites with and without thatch may be needed, 
varying soil pH and moisture may be needed and 
other, possibly competing, organisms will have to 
be measured or eliminated. 

Measuring efficacy 

In standard chemical insecticide tests, the chemical 
is applied and after a short period, usually a week 
to a month, the insect "kill" is measured. This is 
usually based on the number of live insects 
remaining in the treated plots compared to 
"control" or "check" plots that were not treated. 
Many biological pesticides take considerably longer 
to act or they may do unexpected things to the 
insect. When white grubs become infected with 
the milky disease bacterium, Bacilluspopilliae, they 
usually stop feeding immediately but they may 
remain mobile for several weeks to months before 
actually dying. Likewise, when caterpillars pick up 
certain strains of BT, they don't die within minutes 
or days, but may take one to two weeks before they 
expire. 

Another problem with evaluating biological pesti-
cides is choosing a "standard" for comparison. In 
chemical tests, this standard is often the top selling 
insecticide or a known insecticide within the same 
general chemical category. In many cases, biolog-
ical pesticides are compared to these same standard 
pesticides. Standard pesticides have immediate 
effects while biological pesticides, especially ones 
involving living microbes, may be progressively 
lethal over time. Insects that became infected this 
week may not die until next season. However, they 
were eventually eliminated from contributing to 
the next generation. 

Scaling up 

Production 

Once a biological pesticide has been successfully iso-
lated, laboratory tested and small plot tested, the 
next major hurdle is to produce sufficient quantities 
of the pathogen to perform large plot or commercial 
sized applications. For many pathogens, this means 
moving from "counter top" production (production 
of small quantities in petri dishes or flasks), to 
medium fermentor production (perhaps ten to 100 
gallons at a time). At this stage, many biological 
pesticides suddenly run into problems. In the larger 
production setting, the pathogen may lose its viru-
lence or activity. Many bacteria and fungi seem to 
become "lazy" in the larger fermentor setting. They 
may lose their toxins, or the amount of toxin pro-
duced may be reduced. They may lose their viability 
or survivability. Therefore, constant testing for 
quality control must be performed in order to 
ensure that the cultured pathogen remains as active 
as the original organism. 

3. A northern masked chafer grub infected with 
Metarhizium fungus in the process of producing its 
greenish spores (the darker patches within the white 
mycelia). 



Formulation and packaging 

In small plots, it is fairly easy to deal with unusual 
small containers of liquids containing a biological 
pesticide. However, if a gallon of the original mate-
rial only covers a thousand square feet, then about 
44 gallons will be needed to cover an acre. When 
compared to standard insecticides that may require 
one or less gallons to cover an acre, the weight 
incurred in shipping becomes a real, and expensive, 
problem. Many biological pesticides have limited 
shelf life. Most entomopathogenic nematodes can 
be kept viable for six months if not exposed to 
extreme heat. Many bacteria form resistant spores 
that can remain active for several seasons. 

Commercial testing: making a fit 

Once the small plot tests have yielded the specifics 
about application that allow the biological pesticide 
to perform at its best, fitting the new control 
product into the existing cultural system can be a 
real difficulty. Turfgrass is managed with a variety 
of fertilizers, herbicides, fungicides and insecti-
cides. In some cases, these chemicals may be lethal 
to the biological pesticide, especially in tank mixes. 
Therefore, if a broadleaf herbicide is lethal to a bac-
terium being applied at the same time to kill black 
turfgrass ataenius adults, the applicator will often 

4. A Japanese beetle 
grub broken open to 
show the infection 
with Steinernema car-
pocapsae nematodes. 
The larger white 
curled nematodes are 
the adults while the 
"halo" around the 
body consists of hun-
dreds of the new infec-
tive juviniles. 

opt for a standard insecticide that will not require 
two separate applications. 

Training the user 

Expectations 

Based on past experience with standard insecti-
cides, most people making their first application of 
a biological pesticide expect the same things to 
happen - rapid, and often visual, kill of the target 
pest. Golf course superintendents "expect" to see a 
"body count" of cutworms within hours after 
applying a standard insecticide. However, if a 
nematode or spinosad (a pesticide derived from a 
bacterium) is used, no cutworms appear on the 
surface, within hours or days. 

A case study 

Entomopathogenic nematodes 

Attempts to use two groups of insect killing nema-
todes have occurred since the 1930's. These are 
now in the genera, Steinernema and 
Heterorhabditis. As previously mentioned, applied 
field work on these organisms was abandoned 
when modern synthetic pesticides were discovered. 



In the late 1970's, interest in these nematodes was 
renewed in academic circles and a small "biotech" 
firm was established in California (now Biosys, 
Columbia, MD). With some infusion of venture 
capital, this firm spent considerable time learning 
how to produce moderate numbers of nematodes, 
in vivo (growing them in living insects), then large 
numbers of nematodes, in vitro (growing on artifi-
cial media), and finally massive numbers in thou-
sand gallon fermentors. 

At first, only one nematode, S. carpocapsae, 
appeared to be "cooperative" and readily adapted to 
in vitro production. Numerous tests were per-
formed in the laboratory, in petri dishes and small 
containers containing target insects. There appeared 
to be few insects that S. carpocapsae could not kill in 
this manner. However, when university entomolo-
gists were given this nematode, they soon observed 
that field applications were not working or the 
nematodes only worked once in a while. 

My evaluations of this nematode began in 1986. 
Tests in the laboratory demonstrated that this 
nematode could easily kill sod webworms, black 
cutworms, Japanese beetle grubs and northern 
masked chafer grubs. However, in small plot tests 
on a golf course, the grub control was sporadic and 
marginal. Realizing that these nematodes were 
applied in the microscopic, infective juvenile stage, 
we suspected that the standard application tech-
niques may be killing the nematodes if immediate 
irrigation did not follow the application. Sure 
enough, if the nematodes were immediately 
watered into the turf with a minimum of 4 inch of 
water, efficacy greatly increased (Shetlar et al. 
1988). This has been reconfirmed through work 
by Downing (1994) and Yeh and Aim (1995). 

Subsequent to this finding, we began larger scale 
treatments of entire lawns. Again, even with irri-
gation, the nematodes seemed to fail. Fortunately, 
we had saved some of the nematode material that 
was used. Under the microscope these nematodes 
appeared alive and healthy. However, when given 
a chance to kill insects in petri dish tests, nothing 
happened! Apparently, the nematodes had lost 
their ability to kill the insects. Was this a case of a 

"lazy" pathogen, created by the in vitro process? 
Some rapid investigations by the Biosys scientists 
found that the active nematodes had non-patho-
genic bacteria in their storage organs. The nema-
todes don't actually kill their host directly but they 
regurgitate a lethal bacterium in the insect's body 
cavity. The bacterium quickly kills the insect and 
the nematodes begin to reproduce while feeding on 
these bacteria. In our case, the bacterium had lost 
its virulence in culture. The nematodes didn't 
know the difference between lethal bacteria and 
nonlethal bacteria. The result, the nematodes were 
"shooting blanks"! 

Armed with this new information, Biosys and 
many university researchers performed bioassays 
with the nematodes before using them in the field. 
This is now a standard procedure during the 
"quality control" process of nematode production. 
Finally, armed with nematodes that worked and 
the knowledge that irrigation and avoidance of 
direct sunlight improved nematode survival, Biosys 
wanted to begin selling their nematodes on a com-
mercial basis. While working cooperatively with 
university researchers, several larger scale applica-
tions of nematodes were used by golf course super-
intendents for management of their black cut-
worms on greens and tees. It soon became evident 
that, while effective when used according to direc-
tions, the nematodes were not easy to mix and 
apply, when compared to standard insecticides. 
The nematodes arrived in jars containing a screen 
or sponge and these had to be thoroughly rinsed 
out in clean water. Many superintendents balked 
at the prospect of rinsing and washing five to 20 of 
these containers. Golf course superintendents also 
like to apply fungicides at the same time that they 
apply insect control. Many of these fungicides, 
herbicides and previously applied insecticides can 
be lethal to the nematodes. 

The end result, golf course superintendents only 
used the nematodes if they had no choice. Some 
superintendents felt that being able to say that they 
had eliminated the use of insecticides to manage 
one or two pests was worth the extra effort. Most, 
however, wanted a biological control but some-
thing less difficult to use. 



Subsequently, Biosys pioneered a new formulation, 
a water disbursable granule. The only draw back 
was that the granule had a shorter shelf life (less 
than one year) and fewer nematodes per unit 
volume could be contained. Through some inven-
tive marketing, this product ended up being best 
suited for the home owner trade. In these markets, 
home owners only want small amounts to treat 
special problem areas of their landscapes. When flea 
larvae and pupae were found to be susceptible to 
these nematodes, the market increased dramatically. 

Also, during the development of S. carpocapsae for 
cutworm and sod webworm management, dif-
ferent nematodes were being discovered and tested 
for other insect targets. University of Florida 
researchers soon found a nematode, now 
S. scapterisci, that appeared to be superior to any 
other at locating and killing mole crickets. This 
nematode was eventually licensed to a firm in 
Florida under the trade name of Proactant-Ss™. 
Soon thereafter, S. riobravos was described and this 
species also was good at attacking mole crickets. It 
is sold under the trade name Vector-MC™. Both 
products have enjoyed an increase in sales as golf 
course superintendents become more comfortable 
with the idea that these nematodes need immediate 
irrigation, applications should be made in the late 
afternoon to avoid direct sunlight, and dead mole 
crickets do not appear on the surface the next 
morning. 

On other fronts, species of Steinernema that appear 
to be more suitable for white grub control have 
been reared in quantities sufficient to make them 
marketable (Selvan et al. 1994). Likewise, the 
Heterorabditis species, which have been difficult to 
rear in mass, are now also being grown in commer-
cial quantities. H. bacteriophora and related species 
have always been among the best agents for control 
of white grubs. 

In retrospect, field evaluation and development of 
biological pesticides requires constant fine tuning 
of handling, mixing and application techniques. 
After becoming complacent to the sameness of 
using standard pesticides, we have had to find all 
the weak links in delivering a biological pesticide 

and find solutions. For the end users, this will also 
require rethinking their ways of applying and uti-
lizing control products. 

References: 

Cranshaw, W.S. and M.G. Klein. 1994. Chapter 
45. Microbial control of insect pests of landscape 
plants, pp. 503-520. in: A.R. Leslie (ed.)} 

Integrated Pest Management for Turf and 
Ornamentals, Lewis Publishers, Boca Raton, FL. 

Downing, A.S. 1994. Effect of irrigation and spray 
volume on efficacy of entomopathogenic nema-
todes (Rhabditida: Heterorhabditidae) against 
white grubs (Coleóptera: Scarabaeidae). J. Econ. 
Entorno!. 87:643-646. 

Georgis, R. and G.O. Poinar, Jr. 1994. Chapter 
43. Nematodes as bioinsecticides in turf and orna-
mentals, pp. 477-489. In: A.R. Leslie (ed.), 
Integrated Pest Management for Turf and 
Ornamentals, Lewis Publishers, Boca Raton, FL. 

Selvan, S., PS. Grewal, R. Gaugler and 
M.Tomalak. 1994. Evaluation of steinernematid 
nematodes against Popillia japónica (Coleóptera: 
Scarabaeidae) larvae; species, strains, and rinse 
after application. J. Econ. Entomol. 87: 605-609. 

Shetlar, D.J., PE. Suleman and R. Georgis. 1988. 
Irrigation and use of entomogenous nematodes 
Neoaplectana spp. and Heterorhabditis heliothidis 
(Rhabditida: 
Steinernematidae and Heterorhabditidae) for 
control of Japanese beetle (Coleoptera: 
Scarabaeidae) grubs in turfgrass. J. Econ. 
Entomol. 81:1318-1322. 

Yeh, T. and S.R. Aim. 1995. Evaluation of 
Steinernema giaseri (Nematoda: 
Steinernematidae) for biological control of 
Japanese and Oriental beetles (Coleoptera: 
Scarabaeidae). J. Econ. Entomol. 
88: 1251-1255. 



Bacteria 

Several bacteria produce toxins that affect insects or 
cause an infection that kills the pests. Most bacteria 
produce a spore that can survive harsh environmental 
conditions and many bacteria can be grown in artifi-
cial media, therefore reducing the cost of their pro-
duction. 

Bacillus thuringiensis (commonly called "BT") has 
numerous strains that produce a toxin that affects the 
gut lining of specific insect groups. Affected insects 
stop feeding and die within a few days. 

BT variety kurstaki - is registered under several trade 
names (Dipel Dust™, Sod Webworm Attack™, 
Bactosphene™, etc.) and is registered for sod 
webworm. Laboratory tests indicate good efficacy 
against first and second instar larvae but poor activity 
against larger larvae. The BT var. kurstaki, strain 
'Spodoptera' (Javelin™) has shown good activity 
against the tropical sod webworm in Gulf States. 

BT variety israelensis - is registered under several 
trade names (VectoBac™, Bactimos™, etc.) and is 
effective against mosquito larvae in water as well as 
black fly larval control in streams. 

BT variety japonensis, strain 'buibui' - has recently 
been tested for control of white grubs with good 
success. Registered products are expected within a 
couple of years. 

Bacillus popilliae is called the milky disease of white 
grubs. The bacterium causes infected insects to stop 
feeding and their body fluids to turn a characteristic 
white color. Infected insects may take weeks or 
months to die, even though they have stopped 
feeding. Numerous strains have been identified that 
attack certain species of white grubs. Only the 
Japanese beetle strain is in commercial production 
under several trade names (Milky Spore™, Doom™, 
Japademic™) by two firms: Fairfax Labs in New York 
(914)266-3705, and St. Gabriel Laboratories in 
Gainesville, VA (800)801-0061. Field studies in 
New England States have yielded 30 to 50% infec-
tion. Tests in Ohio and Kentucky have resulted in 
20% infection or less. 

Serratia entomophila is called the amber disease of 
white grubs. The bacterium causes infected insects 
to stop feeding and their body fluids to turn a honey-
amber color. Affected insects turn flaccid within a 
few weeks and soon rot. A commercial product, 
Invade™, is being used in New Zealand for white 
grub management in pastures but no products are 
currently registered in the United States. 

Fungi 

In general, fungi usually require high moisture and 
are relatively intolerant of sunlight. Though they can 
often be cultured on artificial media, creating the 
right conditions for spore formation is usually the 
major problem in commercial production. 

Beauveria bassiana is called the white fungus of 
insects. Infected insects become sluggish and even-
tually stop all activity. Within a few days or weeks 
the fungus sporulates by forming a dense white, 
cottony mass over the insect exterior. Chinch bugs 
and billbug adults are commonly attacked during 
periods of rainy, warm weather. A recent product, 

Natuaralis-T ™, has been registered for use against a 
variety of agricultural pests as well as turf infesting 
mole crickets and chinch bugs. Sufficient replicated 
field tests of this material have not been performed 
against these turf pests. 

Metarhizium anisophiae is called the green fungus 
of insects. Infected insects become sluggish and stop 
all activity. Fungal sporulation begins as a white 
coating but the blue green spores soon coat the exte-
rior of infected insects. Though several strains are 
being developed by foreign and U.S. companies for 
management of white grubs, no commercial prod-
ucts are yet available. 



Entomopathogenic Nematodes 

These nematodes are specialized roundworms that 
carry a bacterium which is lethal to insects. The 
juvenile nematodes usually enter insects through 
the mouth, anus or breathing pores though some 
species may be able to penetrate through the insect 
cuticle. Once inside the insect, the nematode 
regurgitates its specific bacterium. The bacteria 
multiply, killing the insect and preventing other 
bacteria from colonizing the cadaver. The nema-
todes feed on the bacteria, mature and reproduce. 
These nematodes are not harmful to animals other 
than insects and they can not enter plant tissues. 

Steinernema nematodes are commercially available 
under several trade names (Biosafe™, Vector™, 
Savior™, Scanmask™, etc.). 5. carpocapsae is the 
most commonly produced species because of the 
ease with which juveniles can be grown in large fer-
mentation tanks. S. carpocapsae is most useful for 
management of cutworms, sod webworms, billbugs 
and fleas. However, nematodes are very susceptible 
to desiccation, can not tolerate direct sunlight, and 
they may be killed by other insecticides or fungi-
cides commonly applied to turf. S. feltiae and 
S. glaseri are also marketed for surface insect and 
white grub management. Steinermatid nematodes, 
in general, have not performed well for manage-
ment of white grubs. S. rio bravos (Vector-MC™) 
and S. scapterisci (Proactant-Ss™) are species regis-
tered for control of mole crickets and properly 
made applications have produced satisfactory 
control. 

Heterorhabditis bacteriophora nematodes are com-
mercially available but generally from smaller sup-
pliers. Recently, Ecogen has begun larger scale pro-
duction of this nematode under the name of 
Curiser™. This nematode has generally been the 
best performing species for control of white grubs. 

Terms to know: 

LD50 - the lethal dose of a pesticide or chemical 
required to kill 50% of a group of exposed plants 
or animals. 

Entomopathogenic - literally insect killing 
disease. Entomopathogenic nematodes are micro-
scopic nematodes that enter insects and release an 
insect killing bacterium. 

In vitro - outside the body, to grow something in 
an artificial medium. 

In vivo - inside the body, to grow something 
within a living organism. 

Dr. David J. Shetlar is an Associate Professor of Landscape 
Entomology with The Ohio State University. He grew up 
in Oklahoma, obtained his BS and MS in Zoology from 
the University of Oklahoma and his Ph.D. in Entomology 
from Penn State. After working as a turfgrass research 
entomologist for Chemlawn R&D for six years, he joined 
OSU. His research interests center around development 
of biological and biorational controls of turfgrass pests, use 
of pest resistant turfgrasses and improving sampling and 
monitoring tools. 

Erratum 

In our most recent survey of golf course 
superintendents, under the question: 
"Which other publications do you read?" 
we erroneously included Golf and 
Environment in the list of alternatives. 
We should not have done that as Golf 
and Environment is a video magazine. 

The results published were not accurate 
because respondents were unsure of 
whether Golf& Environment referred to 
the popular video magazine, or a print 
publication they never heard of. 

We regret any confusion this may 
have caused and apologize for the error. 



The Basics of Turfgrass Fungicides 
Part Four: Handling and Applying Fungicides 
By Eric B. Nelson 
Cornell University 

Acquiring knowledge of fungicide properties and 
their behavior in soils and plants is only half the job 
of implementing an effective and environmentally 
responsible fungicide program. Undoubtedly the 
most important part of this process is making sure 
that you are delivering the proper amounts of the 
correct fungicide to the appropriate place at the right 
time. To assure this, routine monitoring of your 
application procedures and equipment is necessary. 

Studies have shown that the vast majority of turfgrass 
managers do not actually apply what they think they 
are applying. Nearly all make mistakes in mixing, 
loading, configuring equipment, and calibrating 
delivery devices. National losses due to these mis-
takes have been estimated to be in the billions of 
dollars. Additional losses have occurred because of 
reduced fungicide efficacy resulting from improper 
measuring and calibration. It is important, there-
fore, that care be taken in measuring, mixing, and 
loading fungicides and in routinely calibrating and 
maintaining equipment. Further precautions should 
be taken to assure proper timing and placement of 
fungicide applications. 

Measuring, weighing and mixing 
fungicides 

It is important that the proper protective clothing, 
including chemical-resistant gloves, goggles, and a 
respirator be worn when handling any fungicide 
since the concentrated forms of the fungicides can 
be particularly dangerous if splashed onto your skin 
or in your eyes. Also, some fungicide formulations 
such as wettable powders may be quite dusty during 
handling and may easily be inhaled. It is important 
to avoid smoking, eating, or drinking during fungi-
cide handling operations since you could easily 
carry the fungicide to your mouth with contami-

nated hands or food. In general, utmost cleanliness 
and hygiene should be practiced during any and all 
fungicide handling operations. 

Nearly all fungicides commonly used for turfgrass 
disease control are purchased as concentrated for-
mulations and require some sort of measuring and 
mixing to dilute the fungicide prior to application. 
The amount of mixing and handling depends to a 
large extent on the type of formulation. Many 
granular formulations come packaged in bags in 
sufficient quantity to cover a designated area. 
Similarly, water soluble packets contain prepack-
aged fungicide formulations that are mixed with 
water and used to treat a designated area. In both 
of these cases, minimal measuring and weighing 
are required. However, for formulations such as 
wettable powders (WP), water dispersable granules 
(WDG), emulsifiable concentrates (EC), and 
flowables (F or FLO), a certain degree of mea-
suring, weighing, and mixing are necessary for 
proper application. 

It should be obvious that measuring out the correct 
amount of fungicide is critical for optimum fungi-
cide efficacy. Too little may result in inadequate 
control and too much may result in phytotoxicity 
or other undesirable side effects. Both liquids and 
wettable powders/WDG's are mixed with water in 
basically the same manner. A given volume or 
weight of formulations is added to a measured 
volume of water. The amount of fungicide and 
water are determined from the desired rates of 
application and the output of the sprayer. 

Fungicide compatibilities 

When mixing fungicides together with other pesti-
cides, growth regulators, or fertilizers, the compat-
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ibility of the mixture can be a serious consideration 
in determining fungicide efficacy. In some cases, 
combinations resulting in enhanced levels of fungi-
cidal activity have been identified. These include 
combinations of sterol inhibiting systemic fungi-
cides and chlorothalonil for the control of a 
number of turfgrass pathogens, combinations of 
metalaxyl/mancozeb, fosetyl Al/mancozeb, 
chloroneb/thiram, and etridiazole/PCNB for the 
control of Pythium diseases, and anilazine/Zn (or 
Cu) for the control of anthracnose. However, in 
many cases, combinations of other chemicals with 
fungicides can reduce the efficacy of the fungicide. 
The physical and chemical compatibilities of the 
spray partners are of the most concern. 

The physical compatibility of the materials should 
first be tested to be sure that no unwanted oily 
films and layers, foams, flakes, gels, or precipitates 
are formed. Additionally, wettable powders should 
be checked for lumps when mixed with some mate-
rials whereas some liquid formulations may settle 
into layers when mixed with other chemicals. 
Physical compatibilities can be tested easily by 
preparing the appropriate concentrations of tank-
mixed components each in a small container. Add 
each component one by one to the fungicide sus-
pension, shaking between each addition. When all 
of the components have been mixed together, 
gently shake the container and examine the con-
tents immediately after shaking to see if there is any 
excessive foaming, and after 30 minutes to 1 hr to 
check for any precipitates. If the mixture does not 
look uniform, it should not be used as a tank mix. 

The chemical compatibility of the tank mix part-
ners should also be considered. Don't mix any-
thing that will lead to a highly alkaline or highly 
acid condition, since this will lead to the degrada-
tion of some fungicides. Don't use adjuvants 
unless you know they are safe. If you are unsure of 
the phytotoxicity of a mixture, perform a test on a 
small area of turf before mixing on a large scale. 
Phytotoxicity can be affected by the air tempera-
ture, plant stress, plant genotype, etc. Finally, do 
not mix materials targeted for both foliar and root 
problems unless each material in the mixture 
behave similarly in the plant (e.g., they are each 

contact materials, each localized penetrants or each 
upwardly-moving systemic fungicides). Otherwise, 
less than optimal control will result for one of the 
diseases in the complex. Similarly, do not mix 
fungicides with essentially the same mode of 
action. This can lead to phytotoxicity. 

Fungicide formulations are more effectively mixed 
with other chemicals of similar formulation. For 
example, liquids can be mixed more effectively 
with other liquids and wettable powders or water 
dispersable granules can be mixed with other wet-
table powders or water dispersable granules. 
However, it is also common to mix fungicides with 
other materials having different formulations. 

When mixing liquids and solids in the same spray 
tank, it is important that they be added in the 
correct order to insure proper dispersion and uni-
formity. A convenient way to remember the proper 
order is to use the sequence W-A-L-E where W 
stands for wettable powders and water-dispersable 
granules, A stands for agitation, L stands for 
liquids, and E stands for emulsifiable concentrates. 
The proper procedure is as follows: 

1. Add wettable powders and water 
dispersable granules first to a tank half full 
of water. 

2. Agitate until these formulation are uni-
formly dispersed while adding water until 
the tank is 90% full. 

3. Add all flowable liquids and other water 
soluble formulations. 

4. Finally, add emulsifiable concentrates. 

5. Top off the tank and continue agitation. 

The materials are now properly mixed. 

As always, the tank contents should be properly 
and continuously agitated during spray operations 
since many formulations form suspensions and not 
true solutions. And finally, always consult the label 
for compatibility information. Most fungicide 
labels will list compatible or incompatible combi-
nations when they are known and have been tested. 



Tank storage time and pH affect 
fungicide efficacy 

Fungicides should, whenever possible, be mixed and 
sprayed as soon after mixing as possible. However, in 
cases where fungicide mixtures are placed in the spray 
tank in advance of the application, special precau-
tions must be taken to avoid chemical decomposition 
of the fungicide as it sits in the tank. One of the 
primary factors contributing to the instability of a 
fungicide is the pH of the water. 

Most of the water used to prepare fungicide sprays 
in the United States is quite alkaline (high pH). 
Studies have shown that under these alkaline condi-
tions, a number of commonly-used fungicides can 
break down and lose their effectiveness (Table l). 

For example, anilazene, chlorothalonil, thio-
phanates, and thiram are all hydrolyzed at pH 
values greater than 9.0. A few fungicides such as 
fosetyl A1 and benomyl are unstable at pH levels 
below 5.0. Fungicides such as iprodione, vinclo-
zolin, propiconazole, and triadimefon are insensi-
tive to pH and remain stable even after storage in 
the spray tank for 24 hr. 

Even though many fungicides are relatively stable at 
extremes in pH, storage in the tank for prolonged 
periods of time will accelerate their decomposition 
and the loss of their effectiveness. For example, even 
though fenarimol is relatively stable when initially 
mixed, it is unstable at acid pH values when stored 
for 24 hours or more. 

Because of the critical role of pH in fungicide effi-
cacy, the water used for spray applications should be 
checked on a weekly basis and the pH adjusted if 
necessary. More importantly, the pH of the fungi-
cide mixture should be determined and adjusted if 
necessary. A number of commercially available 
buffering agents are useful for such pH adjust-
ments. A pH range of 5-6 is most desirable. 

Proper equipment calibration 

Considerable effort goes into the determination of 
proper fungicide application rates described on the 

Table 1. pH stability and photostability of turfgrass 
fungicides 

Fungicide Comment 

Chloroneb Stable 
Cyproconazole Stable 
Etridiazole Stable 
Flutolanil Stable 
Metalaxyl Stable 
Propamocarb Stable 
Propiconazole Stable 
Triadimefon Stable 

Benomyl Unstable at pH<4 
Fosetyl A1 Unstable in acidic (pH<2) 

and alkaline (pH>9) conditions 

Anilazene Unstable at pH>9 
Chlorothalonil Unstable at pH>9 
Mancozeb Unstable at pH>7 
Quintozene Unstable at pH>9 
Thiophanate methyl Unstable at pH>9 
Thiram Unstable at pH>9 
Vinclozolin Unstable at pH>9 

Fenarimol Photodecomposes rapidly 
Iprodione Unstable at pH>7, Photodecomposes 

in aqueous suspensions 

Compiled from: Tomlin, C , 1994. The Pesticide Manual, 10th Edition, Crop 
Protection Publications, British Crop Protection Council, UK, 1341 pp. 

label. It is important, therefore, that the proper 
amount of fungicide is delivered to the area to be 
treated. The effectiveness of any fungicide will 
depend on the proper application and placement of 
the material. Proper calibration insures that your 
application equipment is delivering the correct 
amount of fungicide to the area being treated. Even 
if you have meticulously weighed and mixed the 
fungicide, improper delivery of the spray will result 
in less than desirable disease control. 

It has been estimated that 60% of all sprayers have 
calibration errors greater than 10%. Nearly 45% of 
all sprayers have more than a 10% variation in dis-
charge from individual nozzles. In addition to these 
problems, many sprayers are used at inaccurate 
travel speeds and improper boom height for the type 
of nozzle and spacing, have pressure gauges that read 
too low, and have an inadequate match between 
hose size and nozzle type. 

Determining the output of a sprayer 

The output of a sprayer is one simple estimate of 
overall sprayer performance. It is the amount of 
spray material delivered per unit area. The output 



can be measured by first marking off an area 100 ft 
by 100 ft or any area equivalent to 10,000 sq. ft. 
Fill the spray tank with water and spray the entire 
area as if you were applying the fungicide. When 
you have finished, measure the amount of water 
needed to refill the tank. Divide this amount by 
10; this represents the delivery rate per 1000 sq. ft. 
Also the amount of spray delivered per 1000 ft2 

multiplied by 43,5 equals the amount applied per 
acre. Alternatively, you can determine the time it 
takes to cover the desired treated area. With the 
sprayer motionless, you can then collect the spray 
delivered in the predetermined time period and 
measure its volume. While it is useful to perform 
this test from time to time through the season to 
monitor sprayer performance, it will not reveal 
problems with unequal delivery among nozzles. 
These should be examined separately. 

Calibration of nozzle output on boom sprayers 

The following steps are recommended for the cal-
ibration of boom sprayers: 

1. Make sure all nozzles are of the desired type and that 
the pressure at the nozzle is appropriate for the nozzle being 
used. Flat fan and swirl chamber nozzles often perform best 
at pressures of 30-60 psi. 

2. Clean nozzles and screens to remove any material 
that could potentially clog the nozzle or impede delivery. 

3. Check to see that the spray pattern from each nozzle 
is uniform and that the spray patterns overlap by 30-50%. 

4. Measure the delivery volume of each nozzle. This 
can be done by placing the same-sized containers under each 
nozzle. If all containers fill at the same rate, your nozzles are 
OK. Replace nozzles that deliver more or less volume than 
the average nozzle output. 

5. Select your operating speed (usually 3-5 mph). Be 
sure to use the same speed during calibration as that used 
during spray applications. 

6. Determine the delivery rate as described above. 

Calibration of granular applicators 

Granular application equipment comes in a variety 
of sizes and consists of drop types and rotary types. 
In either case, calibration involves determining the 

weight of material applied per unit area. In all cases, 
the granular material to be applied should also be 
used in the calibration since different granule sizes 
and shapes flow at different rates. Speed is usually 
not a critical factor but should be chosen such that 
it allows the material to flow freely. 

It is important to realize that once your equipment 
is properly calibrated, it needs to be recalibrated 
and the delivery checked on a regular basis. 
Fungicide delivery may change with equipment 
wear, gauge error, nozzle wear, wheel slippage, 
speedometer error, and friction loss. It is impor-
tant, therefore to monitor your equipment contin-
uously and recalibrate regularly. This includes 
cleaning or replacing nozzles and checking nozzle 
pressure, checking nozzle spacing, boom height, 
and sprayer output. Proper calibration will insure 
that you are not wasting material or sacrificing 
fungicide efficacy. 

Timing of fungicide applications 

The timing of fungicide applications is another crit-
ical aspect of maximizing fungicide performance. 
Application timing is more complicated than it 
appears at first glance. Of obvious importance is the 
timing of an application relative to the active stages 
of the pathogen. However, other timing considera-
tions include the time of day, temperature/humidity 
relationships, wind patterns, and practical considera-
tions of traffic and public perceptions. 

For optimum disease control, fungicide applications 
must be timed to coincide with periods when the 
target pathogen is in an active growth stage. This is 
the stage most susceptible to fungicide treatment. 
Most often these periods of pathogen activity corre-
spond with symptom development in the turfgrass 
plant. Therefore, most fungicide applications are 
best made as a curative application after a correct 
diagnosis has been made. However, with some dis-
eases, the period of maximum pathogen activity pre-
cedes the development of symptoms, sometimes by 
several months. This is the main reason why fungi-
cides used for summer patch control must be applied 
in the late spring even though summer patch symp-
toms typically appear in mid to late summer. 



Pathogens in a dormant stage are generally not 
susceptible to fungicides. 

Another important timing consideration is the time 
of day, particularly as it relates to temperature and 
humidity relationships. Both temperature and 
humidity can affect fungicide drift. The higher the 
temperature and lower the relative humidity, the 
greater the opportunity for fungicide evaporation or 
volatilization. Under these conditions, small spray 
droplets may evaporate completely, leaving 
volatilized fungicide residues in the air where they 
may travel up to several miles from the spray site. 
This can be avoided by applying early in the 
morning when temperatures are lower and relative 
humidifies are higher than is normally the case 
during the middle parts of the day. 

In addition to the reduced drift hazard from fungi-
cide volatilization early in the morning, drift may 
also be minimized in the morning hours because of 
calmer winds and lower convective air turbulence. 
As the turf surface heats up and solar radiation 
becomes stronger during the day, a greater tempera-
ture differential occurs between the turfgrass surface 
and the air. This creates upward air currents that can 
carry spray droplets away from the target site. 

Another important timing consideration is the 
impact of spray applications on public exposure. 
With the exception of some golfers, most people are 
less likely to frequent turfgrass sites early in the 
morning or late in the evening than at other times of 
the day. Therefore, these times are ideal for avoiding 
potential public exposure to fungicides and for min-
imizing the opportunities for the public to become 
concerned over a pesticide application and to ques-
tion the environmental responsibility of the pesticide 
application and of the applicator. 

Fungicide placement 

Fungicide placement is one of the more important 
factors affecting fungicide performance. Generally, if 
the fungicide does not come in contact with the 
pathogen, the disease will not be controlled. The 
nature of the disease to be controlled, the amount of 

thatch, and some of the inherent properties of the 
fungicide being used all determine where the fungi-
cide should be placed. For example, if the disease to 
be controlled is caused by a pathogen that infects and 
survives in the foliage, placement of the fungicide is 
generally not a problem. The fungicide can simply be 
applied as a spray. However, if the disease to be con-
trolled is caused by a root-infecting pathogen, place-
ment of the fungicide becomes more problematic. 

The main difficulty in placing the fungicide in 
contact with root pathogens is getting the fungicide 
through the thatch layer. Generally, the thicker the 
thatch layer, the more impenetrable it is to fungicide 
movement. Since many of the fungicides used for 
turfgrass disease control are adsorbed quite readily 
to thatch, other techniques must be used to get the 
fungicide into the root zone. This can be accom-
plished either by aerification prior to the fungicide 
application, or by applying excessive amounts of 
water to leach the fungicide into the root zone. 

Another consideration in fungicide placement is 
making sure that you avoid skips and overlaps when 
making applications. Skips leave untreated areas 
where disease symptoms may develop whereas over-
laps may lead to phytotoxicity. There are various ways 
of monitoring your spray patterns. The most 
common method involves the use of dyes that color 
the turf slightly so that the actual spray pattern can be 
visualized. As with other tank mixed materials, 
however, care should be taken to assure that dye mate-
rials are compatible with the fungicides being applied. 

Post-application irrigation and 
fungicide efficacy 

Often, for the control of root diseases on turf-
grasses, it is recommended that the fungicide be 
watered-in. This is because most fungicides are not 
taken up and translocated inside turfgrass plants to 
turfgrass rootsand therefore must be moved into the 
soil profile to contact pathogens. On the other 
hand, if they are absorbed and only translocated 
upward in the plant, some action must be taken to 
place the fungicide in the root zone and allow the 



fungicide to reach its intended target. Moving the 
fungicide through the turf/soil profile with water is 
usually the method of choice. 

No firm recommendations are usually made 
regarding the amount of water required for 
optimum fungicide activity. This is because the 
water status of the soil, the soil type, and the chem-
ical nature of the fungicide all affect how much 
watering-in should be done. Apply too much water, 
and you leach the fungicide from the root zone or 
dilute it to the point where it loses efficacy. Use too 
little water and the fungicide never reaches its 
intended target. 

Little research has been conducted to establish 
optimum post-irrigation schedules for turfgrass 
fungicides. However, some general guidelines 
might be helpful. First, never water in fungicides 
used for foliar disease control. Studies have shown 
that if a fungicide applied for foliar disease control 
is not allowed to dry on the leaf surfaces, there is a 
significant reduction in its efficacy. For products 
such as sterol inhibiting fungicides applied for root 
disease control, the amount of water used to move 
the fungicide into the root zone should be sufficient 
also to wet the upper root zone. If the soil is dry to 
begin with, movement of the water front can be 
monitored to determine the depth of water penetra-
tion. If the soil is already moist, post-spray irrigation 
should not exceed 1 inch of water. On sandier root 
zones, this should be reduced to \ inch. 

Often times, fungicides applied for root disease 
control may be applied in excess of 5 gallons of 
water per 1000 ft2. In these cases, a minimal 
amount of post-irrigation watering is necessary. In 
all cases, the irrigation should be applied before the 
fungicide has dried on the foliage. 

Monitoring the results of fungi-
cide applications 

Many times following a fungicide application, little 
effort is made to monitor the results of the fungi-
cide application other than by observing that, after 
a few days, the disease problem does not seem to be 
getting worse or, alternatively, the fungicide appli-
cation appears not to have worked. Often, detailed 
monitoring of the results of a fungicide application 
can shed light on the nature of the problem, point 
to potential equipment or application failures, 
effectively assess fungicide efficacy, and provide a 
means of adjusting fungicide timing or placement 
for more effective future disease control. 

Dr. Eric B. Nelson is an Associate Professor at Cornell 
University, where he is affiliated with the Department of 
Plant Pathology. He has degrees in botany, from Indiana 
University, and plant pathology, from Ohio State University. 
Dr. Nelson is active in research on the ecology and control 
of soil-borne plant pathogens, concentrating on biological 
control of plant diseases. He also conducts outreach pro-
grams in turfgrass pathology. TurfGrass TRENDS is 
presently publishing his extensives series on disease control 
with fungicide applications. 
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