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Pesticides, including insecticides, are packaged in a variety of forms. The technical grade, or "pure" material, usually is not appropriate for use by a pesticide
applicator because the concentrated material might be very toxic, insoluble in
water, or unstable in the environment. " Specially trained scientists (known as
"formulation chemists") work with the technical grade material to determine
how best to formulate the pesticide so that it can be applied to the intended
target with minimal risk to the applicator or the environment. They use a
variety of solvents, diluting agents, or stabilizing compounds to produce a
product that can be applied through traditional application equipment.
All pesticide formulations contain some quantity of an active ingredient (the
actual killing agent), usually 1 to "80 percent of the total material, while the
remainder is inert ingredients. These inert ingredients do not contribute to the
pesticidal action of the compound, but they are not necessarily "benign" either.
For example, some solvents that are used as inert ingredients tend to be phytotoxic to plants, and'others can cause various animal health problems. Some
common inert ingredients include talc (used as a base for incorporating the
active ingredient into a dust
Micro-Encapsulated Suspension
for dry application), corn
cob or bentonite clay (used
Emulsifiable Concentrate
to form granules on which
the active ingredient is
adsorbed), petroleum-based
Dispersible Granule
solvents to retain the active
ingrédient into solution
Wettable Powder
(technically, into emulsion)
in water, or wetting agents to
Soluble Powder
increase the "sticking power" '
of the active ingredient on
Dry Flowable
the plant foliage.
Flowable
Granule

Formulations are developed
to make the product safer
and more convenient to use.
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It would be virtually impossible for an
applicator to apply one pound of technical material to an acre without inert
ingredients. However, for example, by
diluting the technical grade insecticide
with an inert carrier to create a granular formulation (which functionally
dilutes the active ingredient by 90 to
98 percent) manufacturers provide a
product that enables applicators to
safely apply a,pound or less of an
active ingredient to an acre. In recent
years, advancements in formulation
cherpistry have provided formulations
to enhance the effectiveness of the
active ingredient or to increase the
shelf life of a commercial product.

chemistry. While a subsequent article
will address these concerns in more
detail, most turf managers are well
aware that some pesticides are subject
to leaching (vertical movement
through the soil into groundwater) or
run-off (horizontal movement to
surface water). While the technical
grade of some pesticides is highly
mobile and more likely to Teach or
run-off, some formulations (for
example, some of the granular materials) increase the persistence in the
target zone and decrease the potential
for runoff or leaching.

Finally, application equipment available to a turf manager limits the type
Several factors help determine which of formulation he is able to use. The
formulations can be used for a. given decision between using a granular or a
active ingredient. The most impor- sprayable product might appear to be
tant factor limiting formulation fairly straightforward, particularly for
options is the chemistry of the active a turf manager who does not own a
ingredient. For example, certain sprayer (or perhaps does not have
active ingredients that are liquid in access to a spreader) - but some of the
their technical form cannot be formu-* sprayable formulations are better
lated as a powder or an emulsifiable applied by specific kinds of equipconcentrate. The toxicity of the active ment.
ingredient also plays a role. Some
compounds that are acutely toxic in
the pure form can be formulated as
Solid vs Sprayable
relatively dilute granular' products,
which allows them to be handled by Formulations
an applicator with reduced risk.
Most insecticides available to turf
managers are available either in a granThe effectiveness of the product ular formulation that is applied
against the intended pest can be directly to the turf through a spreader,
enhanced by selecting a suitable for- or as a sprayable formulation that is
mulation. By selecting a suitable for- diluted in water in a spray tank, and
mulation, the effectiveness of the then applied to the turf in a liquid
product can be enhanced against the form. Note, however, that sprayable
intended pest. Certain formulations formulations might be packaged as
are more likely to. have a detrimental liquid or dry products.
effect on the plants on which they are
applied, which certainly can be a lim- Grauiular Insecticides - Granular foriting factor.
mulations are a mix of dry, relatively
large, free-flowing particles to which
In addition, environmental concerns the active ingredient is incorporated.
enter -into decisions on formulation Most turf insecticides that are avail-

able as granular products consist of 1 to 10 percent
active ingredient (the remaining material being
inert). Most turf managers are familiar with granular products that use ground corn cobs as a base.
These granules are relatively large and lightweight,
compared to others that have been developed
recently. Some of the newer granules have a clay
base and tend to be much smaller in diameter'and
have a greater density, so they drop through much
smaller holes in the spreader.
Application chemistry has changed radically in
recent years. Ten years ago, a granular material
Would invariably work more slowly than a corresponding sprayable formulation of the same active
ingredient. Today, special solvents can be used to
incorporate the active ingredient onto the granule
in such a way that it is released almost as quickly
as a sprayable formulation might be.
Granular formulations have several advantages
over sprayable materials. First,, no additional
mixing is required. The material that comes out of
the bag is the material that will be applied, directly
to the turf. It is ready to use straight out of the
package. Furthermore, most granular products are
subject to minimal drift. The granule is usually
heavy enough that it drops out of the spreader to
the ground, without blowing or drifting to unintended targets.
Granular products have some drawbacks that
should be recognized. Some.granules break down
physically during the mixing or application process
and release fine dusts, that can be inhaled by the
applicator or anyone else in the vicinity during the
time of the application. Granular products must
be applied with a spreader and not every turf
manager has access to a spreader. . On the other
hand, spreaders tend to be fairly reliable with fewer
moving parts to break down, than the corresponding sprayers.
Some granular formulations have almost identically sized granules and can be applied very consistently. Others, however, have a range of particle
sizes within the formulation, or some particles
might be denser than others. When this .is the
case, heavier or larger particles can "settle out"

resulting in an uneven application pattern. Some
corn cob granules could float and run off when
flooded. Finally, shipping costs for-granular products tend to be higher because there is much more
bulk involved (only 1 to 10 percent of the material
being shipped is the active ingredient). For some
turf managers, storing the large bags of product
can also be a problem.
One variation of granular insecticides is the use of
fertilizers into which an insecticide has been
impregnated. In these cases, the product accomplishes two tasks at once - fertilizing the turf and
releasing an insecticide. The most obvious advantage to such an approach is saving labor and time.
One drawback is that the combinations that, are
available might not be ideal for a given situation.
The fertilizer part of the combination might not
provide an ideal balance of nutrients, or the application timing for the fertilizer might not coincide
with the insecticide. The use of water after application might not be compatible with, both materials. One part of the combination might need
immediate irrigation, while the other might
perform better if allowed to remain on the leaf or
soil surface for a period of time.

Sprayable Formulations
Sprayable formulations might be in a dry form or
a liquid form when they are received from the
manufacturer or the supplier. The dry formulations include soluble powders, wettable powders,
dry flowables, and water dispersible granules.
Liquid formulations include emulsifiable concentrates, flowables, and micro-encapsulated suspensions*
Soluble Powders (often abbreviated as SP on the
label) resemble dusts in that the material is a fine
clay-like material. However, the formulation is
soluble in water, so when the powder is added into
the sprayer tank, it eventually goes into solution.
Most wettable powders are more concentrated
than granular products because they consist of at
least 50 percent active ingredient. Soluble powders have several advantages over other
sprayable formulations. First, the container (that

is normally a plastic jar or a plasticized bag) usually
empties very easily and leaves little or no residue.
Soluble powders usually are not absorbed through
the skin of the applicator (or the mixer or loader)
as readily as emulsifiable concentrates. If a spill
occurs during storage or mixing or loading, it is
often easier to clean up than a spill involving a
liquid concentrate. Soluble powders are less likely
to cause phytoxicity (burning of plant foliage) than
are emulsifiable concentrates. Finally, because the
soluble powder is more concentrated than corresponding granular formulations, shipping costsusually are lower and less space is needed for
storage.
Soluble powders are not the answer to everything.
They do have some drawbacks. When a soluble
powder is added to a sprayer, it often stirs up dust
as the material hits the surface of the water. This
dust might be inhaled by the person mixing the
spray, and can constitute a substantial inhalation
hazard. Finally, soluble powders might leave a
visible residue on the leaf surface. This residue
usually is visible only for a few days, especially if
the turf is being irrigated regularly, but turf managers should be aware of the potential for visible
residue nonetheless.
Wettable Powders (Usually abbreviated as WP on
a label) are very similar to soluble powders but
usually contain additional components, such as a
wetting agerlt and a dispersing agent. Wettable
powders differ chemically from soluble powders,
because they do not dissolve in water but rather go
into suspension. While there is a considerable difference chemically, there is little functional difference to the applicator. Wettable powders also
might clog nozzles or wear them out over time.
The overall advantages and disadvantages of wettable powders are virtually identical to those of
soluble powders. Wettable powders are particularly likely to settle in a tank, so constant agitation
during the application is absolutely critical. Most
wettable powders have a wetting agent incorporated in the formulation, but some might need a
wetting agent added to them.
Dry Flowables (usually abbreviated DF on a label)
are a relatively new formulation. Some turf fungi-

cides are now available as dry flowables. These formulations are essentially wettable powders (a clay
base) that.have been converted into small pellets or
granule-like particles. When mixing these materials, it is wise to premix them in a jar or similar
container to form a "slurry" (a dense mix of the
granules and water) beforé adding the mix to the
tank.
Dry flowables are much less dusty than wettable or
soluble powders, so the inhalation hazard during
mixing is greatly reduced. However, they require
greater agitation than do wettable powders and
soluble powders. Improper or inadequate agitation
results in a deposit of sludge at the bottom of the
tank that can be next to impossible to^ remove.
Not surprisingly, dry flowables are more likely to
plug nozzles than most other formulations. In
addition, they can produce highly visible residues.
Dispersible Granules (often abbreviated DG or
WDG on a label) are formulated on granulated
clay. The result is particles that look like tiny
beads, which are usually quite uniform in size.
The beads disperse readily in water, that "means
that the material "dissolves" fairly effectively.
Functionally they aré very similar to dry flowables.
They are much less dusty than wettable or soluble
powders, and do not produce dust during the
mixing process. However, they do require considerable agitation in the tank during the application
and can clog or wear out nozzles. Like the dry
flowables, dispersible granules can produce visible
residues.
Many active ingredients are not soliible in water,
and so cannot be formulated readily as wettable
powders or water dispersible granules. One for^
mulation that is used to help solve this problem is
the Emulsifiable Concentrate (usually abbreviated
EC or E on the label). Emulsifiable concentrates
are petroleum oil-based products that include
emulsifying agents and other materials that enable
the active ingredient to be suspended in water.
The product, when it comes out of the container,
is usually transparent (but might be .any of several
colors), however the final spray solution is often
milky.

Calculations for Dry Formulations
For dry pesticide formulations (graniilars, soluble
powders, wettable ' powders, dry flowables, and
water dispersible granules), the number in front o f .
the abbreviation for the formulation gives the percentage (by weight of the product) that is active
ingredient. A 2.5 G means there are 2.5 pounds
of active ingredient in a 100 pound bag. A 75 W P
means it is 75 percent active ingredient (there are
three pounds of active ingredient in a four pound
bag.)

X = (2 ounces)(20.000 sq. ft.)
1,000 sq. ft.
X = 40 ounces
•If your information includes the amount of
active ingredient per unit area at which the material is to be applied and the percentage of active
ingredient in the formulation, your calculation
involves an extra step. In this case, calculate how
much active ingredient you will need to complete
the job, and then set up a ratio. •

If your information provides the amount of
product per unit area, your calculation is very
straightforward. Set up the following ratio:

Example:
Assume Insecticide X is available as a 60 WP
and should be applied at 4 lb aa. per acre. How
much actual material will you need to treat 20
acres of turf?

amount of product = amount product needed
unit area
area you will treat
Example:
The label calls for two ounces of product per
1,000 square feet. You want to treat 20,000
square feet. How much product will you need?
Set up a ratio:
2 ounces product
1,000 sq.ft.

20,000 sq. ft.

Cross multiply (i.e./multiply the top item on
the left side times the bottom item on the right
side of the "=" sign. Then multiply the top item
on the right side times the bottom item on the left
side of the "=" sign).
(2 ounces) (20,000 sq. ft.) = (1,000 sq. ft.)(X)
Solve the equation. (Do the same thing on
each side of the "=" sign. In this case, divide each
side by 1,000 sq. ft.) ,

Emulsifiable concentrates have several advantages
over other formulations. First, they are normally
quite concentrated, so shipping costs are usually
lower than those of bulkier products. Similarly,
smaller storage areas can be used to maintain anadequate inventory. Smaller nozzle orifices can be

Step 1: Calculate how much active ingredient
you will need.
(4 lb a.i. per acre) (20 acres) = 80 lb a.i.
Step 2: Set up a ratio, using information about
the formulation and the amount of active ingredient you have calculated you will need. 60 WP
means 60 lb a.i. per 100 lb actual product. '
60 lb a.i.
100 lb. actual product

80 lb a.i
X lb. actual product

Cross multiply:
(60 lb a.i.) (X) = (100 lb actual) (80 lb a.i.)
Solve the equation (hint: divide each side by
60 lb a.i.):
X = 133 lb actual product

used with emulsifiable concentrates because they
are less likely to clog nozzles than other formulations. If all other conditions, are equal, emulsifiable concentrates normally will remain active on
the surface of plants longer than wettable or
soluble powders. An EC application usually will

not wash off the leaf surface as readily as a wettable
or soluble powder application.
Emulsifiable concentrates have some drawbacks,
most of which involve handling concerns.
Emulsifiable concentrates tend to be more hazardous, especially during the mixing process,
because the oil-based material penetrates skin
more readily than any other common formulation.
As a result, hazards from dermal exposure can be
serious. Also, cleaning up spills of emulsifiable
concentrates is more challenging than cleaning up
spills of wettable or soluble powders or dry flowables. Some emulsifiable concentrates are relatively flammable, with a low flash point, so it is
very important to avoid high temperatures in pesticide storage areas. Finally, ECs are much more
likely to be phytotoxic than the other various dry
sprayable formulations, primarily because of the
petroleum solvent in the product.

reduced. The only disadvantage of flowable formulations is that the active ingredient might, settle
to the bottom of the container during storage.
This can easily be remedied by vigorous agitation
before pouring out the material.
Soluble Concentrates (usually abbreviated SC or
CS on the label) are very similar in physical structure and performance characteristics to flowable
formulations. Unfortunately, while flowables and
soluble concentrates seem, to provide numerous
advantages compared to other formulations, not
every active ingredient can be formulated, as a
flowable or soluble concentrate.
Another relatively new formulation is the Microencapsulated Suspension, often abbreviated ME
on the label. This is a suspension of the active
ingredient in microscopic capsules, that results in
the controlled and slow release of the active ingredient. This approach is similar to that used in
pharmacology for cold medicine, which releases
the active ingredient over a period of several hours
to provide relief.

Flowable formulations (usually abbreviated F on
the label) consist of a cloudy liquid composed of
solid particles of the active ingredient that are
finely ground and suspended in water. The
product, when it comes out of the container, is Micro-encapsulated formulations are similar to
cloudy and can be any of a number of colors, but emulsifiable concentrates in mahy ways, including
the final spray solution is milky in appearance. similar shipping costs and storage requirements.
The main difference between flowables and emul- They can be sprayed through smaller nozzle orisifiable concentrates is that flowable formulations fices than many other sprayable formulations,
go into suspension in water directly, while ECs go thereby allowing the applicator to use very fine
into emulsion (oil mixing with water). The func- droplet sizes and the option of using ultra-low
tional difference for a turf manager is minimal - : volume sprayers. MEs usually provide excellent
both materials mix well in the tank - but the EC s residual activity. They normally result in reduced
oil base makes it more likely to. burn the intended potential for exposure hazard during mixing and
application, compared to several other sprayable
plant target.
formulations. However, because the technology is
Flowables seem to combine thé best of both worlds still relatively new, micro-encapsulated formulacompared to other formulations. For example, tions tend to be more expensive than other formuthey seldom leave visible residues on the plant lations, and are not yet widely available on the turf
surface. They often .protect the plant as long as market:
emulsifiable concentrates but are much less likely
to burn the plants, Because flowables are waterbased and not petroleum-based, they are less hazardous to handle than emulsifiable concentrates
(much less skin absorption), especially during the
mixing process. At the safne time, they are less
hazardous to handle than wettable (and soluble)
powders because the inhalation' hazard is greatly

Calculations
Often a turf manager needs to determine how
much product will be needed to treat a given area.
Sometimes the information is provided on the
container (for example, a bag of a granular product
might say, "Treats up to 10,000 square feet."

Calculations for Liquid Formulations
For liquid formulations (emulsifiable concentrates, . flowables, soluble concentrates,
micro-encapsulated
suspensions,
and
others), the number in front of the formulation abbreviation gives the number of
pounds active ingredient in one gallon of the
product. For example, a 2 F is a flowable formulation with 2 lb a.i. per gallon, and a 4 E
is an emulsifiable concentrate with 4 lb a.i.
per gallon.
If your information provides the amount of
product per unit area, your calculation is
very straightforward. Set up a ratio similar to
the one used for dry formulations.
amount of product = amount product needed
unit area
area you will treat

Example:
The label says you should apply 1.5 fluid
ounces of product per 1,000 square feet.
Assume you want to treat 20,000 squire feet.
How much product should you use?
Set up a ratio:
1.5 fluid.oz. product =: X fluid oz. product
1,000 sq.ft.
20,000 sq.ft.

Cross multiply:(1.5 fluid oz.)(20,000 sq. ft.) = (1,000 sq. ft.) (X)

Solve the equation (in this case, divide
each side by 1,000 sq. ft.):.
X = 30 fluid oz. or 0.94 qt. or 0.23 gal.

However, sometimes the turf manager must calculate the amount needed.
The application rate of a pesticide might be given
as the amount of active ingredient (a.i.) per acre

Just as with dry product calculations, if
your information includes the amount of
active ingredient per unit area at that the
material is to be applied, and the percent
active ingredient of the formulation, your
calculation involves an extra step. In this
case, calculate how much active ingredient
you will need to complete the job, and then
set up a ratio.
Example:
Assume Insecticide Y is available as a 2 F
and should be applied at 4 lb a.i. per acre.
How much actual material will you need to
treat 15 acres of turf?
Step 1: Calculate how much active ingredient you will need.
(4 lb a.i. per acre) (15 acres) = 60 lb a.i.

Step 2: Set up a ratio, using information
about the formulation and the amount of
active ingredient you have calculated that
you will need:
2 lb a.i.
1 gallon product

60 lb a.i. '
X gallons product

Cross multiply:
(2 lb a.i.) (X) = (1 gallon) (60 lb'a.i.)

Solve the equation (in this case, divide
each side by 2 lb a.i.):
X =.30 gallons

(for example, 1 lb a.i. per acre) or as the amount of
product per unit area (for example,- 2 quarts per
acre or 1 pound per 1,000 square feet). The label
provides an indication of the product concentration.

Terms to Know
Abrasive - capable of wearing away or grinding down another object.
Active Ingredient - the actual killing agent in a pesticide formulation.
Agitation - the process of keeping a tank mix stirred up and well mixed.
Emulsion - a mixture of two or more liquids that are not soluble in one another. One is suspended as small droplets in the other. (Example: oil and water)
Formulation - the mixture of active and inert ingredients that forms a pesticide product.
Inert Ingredient - a component of a pesticide formulation that is not directly toxic to the target
pest.
Solvent - a liquid (often water, xylene, or alcohol) that will dissolve a pesticide (or other substance)
to form a solution.
Suspension - a formulation that contains undissolved (although often very fine) particles mixed
throughout the liquid.
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Dr. Bill Knoop Joins TurfGrass TRENDS as Editor
Dear TurfGrass TRENDS readers,
I am pleased to announce- that Dr. William E.
Knoop, extension turfgrass specialist at Texas
A&M University for more than 16 years, is
TurfGrass TRENDSi new editor.
Knoop, a resident of Mt.
Vernon, Texas, is a nationallyknown speaker, author and turfgrass expert. During his 30
plus year career, Dr. Knoop has
received numerous awards
which include the Texas
Governor s Award for Environmental Excellence in 1995,
Superior Service Award in
1991 from the U.S. Department of Agriculture and
the Environmental Excellence Award for Solid
Waste Reduction from the Environmental
Protection Agency.
Knoop, a graduate of the University of New
Hampshire (Ph.D.), the University of Florida

(M.S.A.) and Iowa State University (B.S.) will also
continue to serve as technical editor on Advanstaris
Landscape Management magazine and is the
author of the Landscape Management Handbook.
As editor, Bill will be responsible for the coordination and editing of TurfGrass TRENDS, a function
that had been handled by, Maria Haber, previous
owner of the publication. As such, he will oversee
the activities of the editorial and advisory boards
and become the hands-on, day-to-day contact for
authors and readers alike,
Please join me in welcoming Bill to TurfGrass
TRENDS. You can reach him by telephone at 903860-2239ore-mailatknoop@mt-vernon.com.
John D. Payne, Publisher
PO Box 1637, Mt. Vernon, TX 75457
903-860-2239 (tel)
903-860-3877 (fax)
e-mail: knoop@mt-vernon.com

