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SILICONE SURFACTANT-BASED AGRICULTURAL FORMULATIONS
AND METHODS FOR THE USE THEREOF

BACKGROUND OF THE INVENTION

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to Provisional Application No. 60/800,545, filed
5/15/2006, which is incorporated herein in its entirety.

1. Field of the Invention

The present invention relates generally to agricultural formulations containing
silicone surfactants and to methods for use thereof. More particularly, the formulations
of the present invention contain certain combinations of silicone surfactants by which

improved, synergistic agricultural efficacy is obtained.

2. Description of Related Art
Agricultural formulations can be in the form of solutions, emulsions, suspensions,

dispersions and the like, and are used in agriculture for applying agricultural chemicals
to plants, soil, insects and the like. Among typical agricultural chemicals are pesticides
such as herbicides, insecticides, fungicides, growth regulators and the like. Other typical
agricultural chemicals include plant nutrients and micronutrients. .

Such agricultural formulations can contain surfactants such as trisiloxane
surfactants and other silicone surfactants to enhance spreading when the formulations
are applied in agriculture. However, use of silicone surfactants in agricultural
formulations have been only partially effective in causing quick (less than about 60
seconds) disruption of arthropod mobility, i.e. "knockdown" (KD), even though there has
been a need in the consumer market for liquid pesticidal ready-to-use products, which
provide faster knockdown.

For example, known formulations often require as much as one-quarter hour or
more to obtain acceptable knockdown levels against difficult to control arthropod pests,

such as American cockroaches, (Periplaneta americana). In this regard, it should be
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noted that the term "arthropod" as employed herein means any invertebrate of the
phylum Arthropoda including insects, spiders and other afachanids. crustaceans, and
myriapods and other household pests. For purposes hereof, cockroaches are
specifically to be considered to fall within the definition of arthropods.

Furthermore, although silicone surfactants have been employed extensively in
herbicidal formulations as well as other applications, there has been a need in the
agricultural consumer market for liquid ready-to-use products which provide enhanced

efficacy when applied to substrates.

Thus, it would be advantageous to provide agricultural formulations containing
silicone surfactants which provide improved knockdown rates, preferably, of about 80%
or more when applied to arthropods and particularly to difficult to control arthropods

such as cockroaches as well as methods for their use.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide an agricultural
product with markedly improved efficacy for treating arthropods as cohpared with other

agricultural formulations known heretofore.

Another object of this invention is to provide agricultural products containing at
least one surfactant therein for treatment of arthropods to achieve markedly improved
knockdown efficacy over agricultural formulations known heretofore.

Another object is to provide stable agricultural products such as a ready-to-

use consumer formulations containing certain silicone surfactant combinations
that provide improved, synergistic knockdown efficacy when applied on a substrate
such as the perimeter of an environment, such as a home, or on a arthropod or other
substrate.

In particular, it is an object to provide compositions for treating arthropods

comprising formulations having at least one silicone surfactant contained therein to
cause a synergistic knockdown (KD) level when applied to arthropods.

2-
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DETAILED DESCRIPTION OF THE INVENTION

The methods and compositions of the invention are based on the use of certain
combinations of silicone surfactants which provide unexpected, synergistic efficacy in
agricultural applications, particularly for treatment of arthropods, and which permit use
of the surfactants alone, or with an additive active ingredient.

In accordance with the present invention, a composition is provided for treating
arthropods comprising a formulation containing at least one first silicone surfactant
selected from the group consisting of

CH3

¢

(|'3H3 CT; CHs
?i -0- Si -0O- Sli—CH3
CH3 CH;

CnH2n0[C2H4O}, - [CH2), - R

wherein: n=2-4, y=3-10, z=0-5, and R=alky! having 1-4 carbon atoms; and at least one
second silicone surfactant selected from the group consisting of

CHs;

(I3H3 Cl:Hs (l';Hs
|Si -0 - Si -0O- Si—CHs,
CH3 CH3

CnHZnO[C2H40]y - [CHZ]Z - R

wherein: n=2-4, y=3-10, z=0-5, and R=0H or H, provided that when z=0, R=H, and
when z=1-5, R=0OH or O-alkyl having 1-4 carbon atoms.

Preferably, in a formulation of the present invention, the at least one first silicone
surfactant and the at least one second surfactant are present in a sufficient

concentration, preferably, at a concentration of at least about 0.1% by weight, to cause
a synergistic knockdown (KD) level on treated arthropods and, preferably, at a rate of at
least about 80% within about 60 seconds after treatment of the pests with the

formulation.
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As a result of the synergistic knockdown levels of arthropods provided by the
compositions of the present invention, unexpectedly rapid and effective control of
difficult to control arthropods can be achieved.

It is further preferred that the at least one first silicone surfactant has the formula:

CH; CHs CH;
CH; - éi -0- ISi -O- Si-CH;,
| A:H3 c:IH3
CH;
St
&,
<|> — [CHz — CH — O], — CH3

wherein y=6-10, and most preferably wherein y=8.

Exemplary of a most preferred first silicone surfactant of the above formula
wherein y=8 is Silwet L-77® (General Electric Company, Waterford, NY).

Similarly, it is further preferred that the at least one second silicone surfactant
has the formula:

CHj, CH; CH3
CHs - ISi -0O- |Si -0O- Si-CHj;
b, chy
CH:
b,
b,
(I)— [CHz — CH; — O}, — OH

wherein y=6-10, and most preferably wherein y=8.
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Exemplary of a most preferred second silicone surfactant of the above
formula wherein y=8 is Silwet 408®, also known as Silwet REACH® (General Electric
Company, Waterford, NY).

The compositions of the present invention have been found to be unexpectedly
effective in obtaining synergistic knockdown of arthropods and, particularly, difficult to
knockdown arthropods, such as the American cockroach (Periplaneta americana), in
the absence of a pesticidally active ingredient. Of course, the composition of the
present invention is also effective in obtaining high and synergistic knockdown levels
when agriculturally active ingredients, such as bifenthrin, for residual control, are

incorporated into the composition.

The method of treating arthropods in accordance with the present invention
comprises applying to an arthropod the formulation described above in a sufficient
concentration to cause a synergistic'knockdown level on treated arthropods, preferably,
at a concentration of at least about 0.1% by weight, to cause a synergistic knockdown
level, preferably, at a rate of at least 80% within about 60 seconds after treatment of the
arthropods with the formulation.

To screen the efficacy of pesticides using selected surfactants and combinations
of surfactants, American cockroaches, known to be difficult to knockdown, were
introduced into 1.5-inch diameter polyvinyl chioride (PVC) pipe sections with stainless
steel screens affixed to the bottom end. An automatic pipetter was used to apply 4.8 mi
of the tested compaosition to each cockroach. Excess liquid was drained from the tubes
through a stainless steel screen. Each cockroach was transferred to a clean
polypropylene container where knockdown results were recorded at various intervals
(seconds) after the application of the composition. A cockroach is determined to be
knocked down when it has lost its ability to control movement about the testing
container, followed by mortality. This method was also used to test various formulations

containing surfactants for knockdown against house crickets (Acheta domesticus).

In general, an agricultural spray mixture contains water and an active agricultural
chemical ingredient, such as a pesticide (including herbicides, insecticides, fungicides
and growth regulators). Typically, at least 50 percent of the agricultural spray mixture is
composed of water. Optionally, the agricultural spray mixture can contain at least one
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component selected from the group consisting of organic surfactants, antifoam agents
and organic solvents. Agricultural spray mixtures are commercially available as ready-
to-use products or can be prepared in a containment vessel from an agricultural
chemical concentrate, water, and optionally one or more surfactants and/or antifoaming

agents.

The amount of the active ingredient (i.e., agricultural chemical) in a spray mixture
will be any amount effective for the intended purpose, but typically will range from about
0.001 to about 5 percent by weight based upon the total weight of the agricultural spray
mixture, e.g., from about 0.03 percent to about 0.5 percent, preferably from about 0.05
percent to about 0.25 percent based upon the total weight of the agricultural spray
mixture. The bulk or remainder of the agricultural spray mixture is comprised of water.

In addition, standard additives such as surfactants, solvents, biocides, antifoam
agents, dispersants, antifreeze, pH modifiers, colorants, nutrients and plant growth
regulators also may be included in the formulations to achieve desired results.

Ilustrative pesticides which can be employed as the active ingredient in the
agricultural spray mixtures of the present invention include those from the groups

consisting of herbicides, insecticides, fungicides, miticides and the like.

The following specific examples are presented to further illustrate and explain
certain aspects of the present invention. However, the examples are set forth for
illustration only, and are not to be construed as limiting on the present invention. In the
following examples, all percentages and parts are by weight unless otherwise specified.

EXAMPLE 1

The trisiloxane surfactants employed in this example are Silwet L-77® and Silwet
REACH®. In the chemical structure of these surfactants, the amount of (C2 H40)
represents an average. The formulations employed in this example were prepared in
accordance with the following procedures:

To a first tank with an agitator, water is added, and any additional aqueous phase
ingredients, are added with stirring.
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In a second tank with an agitator, agriculturally active ingredients such as
bifenthrin (available from FMC Corporation as Talstar MUP , a liquid concentrate
containing 13.0% bifenthrin, may be incorporated into the formulation and mixed with

an emulsifier.

Then trisiloxane surfactant or surfactants, Silwet L-77® and/or Silwet REACH® ,
is added to the second tank. The mixture is blended until homogeneous. Agitation is
continued and this mixture is slowly added to the liquid in the first tank. The resulting
mixture in the first tank is agitated until the final batch is totally homogeneous. At this
time, other standard inert ingredients, such as solvents, biocides, pH modifiers,
antifreeze, antifoam agents, colorants, nutrients, and plant growth regulators may be
included in the formulation if necessary. If no agriculturally active ingredient is pfesent,
the trisiloxane surfactant or surfactants may be introduced directly into a tank with water

and mixed until homogeneous.

In Table 1 below, a composition of the formulation is presented, including the
indicated trisiloxane surfactant or surfactants at equal concentrations with no other
active ingredient incorporated into the compositions. Components are presented in

weight percent.

TABLE 1
Surfactant Components Formulations
A B C
Silwet 408% (Silwet REACH) | 0.5 1.0 -
Silwet L-77 0.5 - 1.0
Water, Purified 99.0 | 99.0 | 99.0
Total % 100.0 { 100.0 | 100.0

The following table presents the results of an experiment monitoring knockdown
of American Cockroaches treated with the formulations prepared as noted above
employing the indicated trisiloxane surfactant or surfactants at equal concentrations with

no other active ingredients incorporated into the formulations.
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Table 2
Trisiloxane Surfactant Formulation Knockdown of American
Cockroach 30 seconds
after treatment
Silwet L-77 Cc 65%
Silwet Reach B 60%
Silwet L-77/Silwet 408 A 95%

blend

As illustrated by the tabulated test resuits, it is clear that the knockdown effect
achieved by employing the Silwet L-77/Silwet REACH Blend is synergistically improved
as compared with the results achieved by the individual component surfactants.

EXAMPLE 2
In Table 3 below, the compositions of the formulations, as prepared in Example 1
above, include the indicated trisiloxane surfactant or surfactants at equal concentrations
with the indicated active ingredient incorporated into the compositions. Components
are presented in weight percent.

TABLE 3
Components Formulations

D E F
Talstar MUP (13% 0.39 0.39 0.39
bifenthrin)
Silwet REACH 050 | 1.00 | -
Silwet L-77 0.50 - 1.00
Other inert 1.53 1.53 1.53
ingredients
Water, Purified 97.08 { 97.08 | 97.08
Total % 100.00 | 100.00 | 100.00

The following table presents the results of an experiment using the formulations
stated in Table 3 prepared as noted above, applied to American Cockroaches:
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Table 4
Trisiloxane Surfactant Formulation Knockdown of American
Cockroach 30 seconds
after treatment
Silwet L-77 F 60%
Silwet REACH E 20%
Silwet L-77/Silwet REACH D 85%

Blend

Again, as illustrated by the tabulated test results, it has been demonstrated that
the knockdown effect achieved employing the Siiwet L-77/Silwet REACH Blend is
synergistically improved as compared with the results achieved with the individual
component surfactants.

) EXAMPLE 3

. in Table 5 below, the compositions of the formulations, as prepared in Example 1
above, include the indicated trisiloxane surfactant or surfactants with an additive active
pesticidal ingredient incorporated into the formulation appropriate for substitution into
S.R. Colby's Synergy Equation. Components are presented in weight percent. S.R.
Colby's Synergy Equation is found in the article "Calculating Synergistic and
Antagonistic Responses of Herbicide Combinations”, by S.R. Colby, April 11, 1966,
Scientific Article No. A 1271 Maryland Agricultural Experiment Station, Department of
Agronomy, University of Maryland, College Park, Maryland.
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TABLE §
Components Formulations
G H |
Talstar 13% 0.39 0.39 0.39
Silwet REACH 0.50 0.50 -
Silwet L-77 0.50, - 0.50
Other inert ingredients 1.53 1.53 1.53
Water, Purified 97.08 97.58 97.58
TOTAL % 100.00 | 100.00 | 100.00

Table 6 sets forth the results of an experiment using the formulations shown in
Table 5 on American Cockroaches.

TABLE 6

Observed vs. Formulations Trisiloxane

Avg. 30 second KD

Expected Results Surfactants % control
Observed Result I 0.5% Silwet L-77 40%
Observed Result H 0.5% Silwet REACH 50%
Observed Result 0.5% Silwet L-77+ 95%

0.5% Silwet
REACH blend
Expected Result 0.5% Silwet L-77+ 70%*
0.5% Silwet
REACH blend

Colby equation calculation

10
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Using S.R. Colby's equation, an Expected Result (knockdown) was calculated
and then compared to the Observed Results achieved when the formulations containing
the Silwet L-77/Silwet REACH blend and the individual trisiloxane surfactants were
employed. The Observed Result achieved utilizing the blend was 25% greater than the
Expected Result which clearly demonstrates the significant and unexpected synergy
achieved between Silwet REACH and Silwet L-77 in the blend formulation, whereas the

uncombined individual trisiloxane surfactants demonstrated poor knockdown activity-

) EXAMPLE 4
In Table 7 below, compositions of the formulations, as prepared in Example 1
above, include the indicated trisiloxane surfactant blends at an equal total concentration
of 1.0%, but combined at various ratios as shown in Table 7, with no other active
ingredient incorporated into the composition. Components are presented in weight

percent.

TABLE 7
Components Formulations
J K L
Silwet 408 (Silwet REACH) 0.75 0.5 0.25
Silwet L-77 0.25 0.5 0.75
Water, Purified 99.0 99.0 99.0
Total % 100.0 100.0 100.0

The following table presents the results of an experiment using the formulations

presented in Table 7, prepared as noted above, applied to American cockroaches.

11
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Trisiloxane
Surfactant Blends

Silwet
REACH/Silwet L-77

Silwet
REACH/Silwet L-77

Silwet
REACH)/Silwet L-77

TABLE 8

Formulation

Ratio

75:25

50:50

25:75

PCT/US2007/011497

Knockdown of
American
Cockroach Within
60 Seconds After
Treatment

100%

100%

100%

As shown by the results in Table 8, the knockdown effect through the use of the
blend of Silwet REACH and Silwet L-77 is very effective at multiple ratios depicted in
this Example 4 as ranging from 75:25 to 50:50 to 25:75 (3:1, 1:1, 1:3).

EXAMPLE 5
In Table 9 below, compositions of the formulations as prepared in Example 1

above, include Silwet REACH /Silwet L-77 blends at a range of concentrations from

0.05% to 1.5% with no other active ingredients in the compositions. Components are

presented in weight percent.

TABLE 9
Components Formulations
M N 0 P Q
Silwet 408 (Silwet REACH) 0.025 0.05 0.25 0.5 0.75
Silwet L-77 0.025 0.05 0.25 0.5 0.75
Water, Purified 99.95 99.9 99.5 99.0 98.5
Total, % 100.0 | 100.0 { 100.0 | 100.0 | 100.0
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The following table presents the results of an experiment using the formulations
described in Table 9, prepared as noted above, applied American cockroaches.

3

TABLE 10
Trisiloxane Surfactant Formulation Knockdown of American
Blends Cockroach Within 60
Seconds After Treatment
Silwet L-77/Silwet REACH M 32%
Silwet L-77/Silwet REACH N 100%
Silwet L-77/Silwet REACH o 100%
Silwet L-77/Silwet REACH P 100%
Silwet L-77/Silwet REACH Q 100%

The results in Table 10 indicate that there is a minimum effective concentration at
which the Silwet L-77/Silwet REACH blend provides the desired knockdown of
American cockroaches. That is, it was shown that the blend performs poorly at a
concentration of 0.05%, whereas, at 0.1% and above, the knockdown (KD) effect of the

blend is excellent.

EXAMPLE 6
In Table 11 below, the compositions of the formulations, as prepared in Example
1 above, include the indicated trisiloxane surfactant or surfactants with no active

pesticidal ingredient added to the formulation. Components are presented in weight

percent.
TABLE 11

Components Formulations

R S T
Silwet 408-(Silwet REACH) 0.5 0.5 --
Silwet L-77 0.5 - 0.5
Water, Purified 99.0 99.5 99.5
Total % 100.0 100.0 100.0

-13-
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The following table presents the results of an experiment where the formulations,
having the concentration of components shown above in Table 11, were evaluated for
knockdown of American cockroaches. The trisiloxane surfactant blend of Silwet
REACH /Silwet L-77 was compared with each of the individual trisiloxane surfactants.
S. R. Colby's Synergy Equation (see paragraph [00037] above) was used to determine
if the combination of Silwet REACH and Silwet L-77 provided an unexpected synergistic
response in knockdown (KD) of American cockroaches as compared with each of the

trisiloxane surfactants separately.’

TABLE 12

Knockdown of American
Observed vs. Trisiloxane Cockroaches
Expected Results Formulations Surfactants (seconds after treatment)

32 33 34

Observed Result R 0.5% Silwet L-77 546% 640% 726%
Observed Result S 0.5% Silwet REACH 299% 325% 352%
Observed Result T 0.5% Silwet L-77 + 81.4% 87.6% 92.2%

0.5% Silwet REACH Blend
Expected Result 0.5% Silwet L-77 + 68.2%* 75.7%* 82.3%*
0.5% Silwet REACH Blend

* Colby equation calculation

Using S.R. Colby’s equation, an Expected Result (% knockdown) was calculated
and then compared to the Observed Result when the formulations containing the Silwet
L-77 + Silwet REACH blend and each of the individual trisiloxane surfactants were
tested on American cockroaches. The Observed Results employing the Silwet REACH
+ Silwet L-77 blends, at each of the intervals after treatment as shown in Table 12, were
higher than the corresponding Expected Result, These Observed Results clearly
demonstrate the significant and unexpected synergy achieved with Silwet L-77 and
Silwet REACH blends. To the contrary, the uncombined individual trisiloxane
surfactants demonstrate fair to poor knockdown activity which do not exceed the

-14-
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Expected Result at each of the intervals after treatment as calculated using the Colby

equation.

EXAMPLE 7
In Table 13 below, the compositions of the formulations, as prepared in Example
1above, include the indicated trisiloxane surfactant with and without an active pesticidal
ingredient added to the formulation. Components are presented in weight percent.

TABLE 13
Components Formulations

8] v
Talstar MUP (13% bifenthrin) 0.39 -
Silwet 408 (Silwet REACH) 0.5 0.5
Silwet L-77 0.5 0.5
Other inert ingredients 1.53 -
Water, Purified 97.08 | 99.0
Total % 100.0% 100.0

The following table presents the results of an experiment using the formulations
specified in Table 13, prepared as noted above, applied to house crickets (Acheta

domesticus).
TABLE 14
Trisiloxane . Knockdown of House Crickets within
Surfactant Formulation 30 and 60 seconds after Treatment
30 60
Silwet L-77/Silwet REACH U 92% 100%
Blend (with bifenthrin)
Silwet L-77/Silwet REACH Vv 96% 100%

Blend (without bifenthrin)

-15-
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As shown in the results summarized in Table 14, the blend of trisiloxane
surfactants, Silwet L-77 and Silwet REACH, whether combined with an active ingredient
or not, provided the desired knockdown (KD) effect on house crickets within 60 seconds

after treatment.

Although the invention has been described in its preferred forms with a certain
degree of particularity, it is to be understood that the present disclosure has been made
by way of example only. Numerous changes in the details of the compositions and
ingredients therein as well as the methods of preparation and use will be apparent
without departing from the spirit and scope of the invention, as defined in the appended

claims.

-16-
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What is claimed is:

1. A composition for treating arthropods comprising a formulation containing at least

one first silicone surfactant selected from the group consisting of

CI;H:; CI:H3 CH3
CHy - ISi -0- Si -0- Si— CH3;
CHj, CHj;

CnH200[C2H40], — [CH]. - R

wherein n=2-4, y=3-10, z=0-5, and R= alkyl having 1-4 carbon atoms,

and at least one second silicone surfactant selected from the group consisting of

(I:Ha CI:H3 CH3
CHs - ISi -0- Si -0O- SIi—CHg
CH3 CH3

CnHZnO[CZH4O]y - [CH2]Z -R

wherein n=2-4, y=3-10, z=0-5, and R=0OH or H, provided that when z=0, R=H, and
when z=1-5, R=0OH or O-alkyl having 1-4 carbon atoms,

in a sufficient concentration to cause a synergistic knockdown (KD) level on treated

arthropods.

2. The composition of claim 1, wherein the at least one first silicone surfactant and
the at least one second surfactant are present in the formulation at a concentration

sufficient to cause synergistic knockdown (KD) of treated arthropods in a period of

less than about 60 seconds.

-17-



WO 2007/136597 PCT/US2007/011497

3. The composition of claim 1, wherein the at least one first silicone surfactant and
the at least one second surfactant are present in the formulation at a concentration
of at least about 0.1% by weight to cause a synergistic knockdown (KD) level on
treated arthropods within about 60 seconds after treatment of the arthropods with
the formulation.

4. The composition of claim 3, wherein the synergistic knockdown (KD) of the
treated arthropods is at a rate of at least about 80%.

5. The composition of claim 1, wherein in the absence of an agricuiturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation at a concentration of at least about 0.1% by
weight to cause a synergistic knockdown (KD) level on treated arthropods is at a
rate of at least about 80% within less than about 60 seconds after treatment of the
arthropods with the formulation.

6. The composition of claim 1, wherein the at least one first silicone surfactant has

the formula:
CHs; CHs; CHs
CH; - |Si -0- ISi -0O- Sli—CH3

b chs
CH;
b
b
(l) —[CH; — CH,; — O]y, — CH;3

wherein y = 6-10.
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7. The composition of clairh 6, wherein in the absence of an agriculturally active
ingredient, fhe at least one first silicone surfactant and the at least one second
surfactant are present in the formulation at a concentration of at least about 0.1% by
weight to cause a synergistic knockdown (KD) level on treated arthropods at a rate
of at least 80% within about 60 seconds after treatment of the arthropods with the

formulation.

8. The composition of claim 3, wherein the at least one first silicone surfactant has

the formula
CHs CH; CHs
CHs - |Si -0- ISi -0 - S|i—CH3
b, | chy
CH;
éH;
b

O - [CHz — CH; ~ O], = CH3

wherein y=6-10.

9. The composition of claim 8, wherein in the absence of an agriculturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation in a sufficient concentration to cause a
synergistic knockdown (KD) level on treated arthropods at a rate of at least 80%

within about 60 seconds after treatment of the arthropods with the formulation.

-19-



WO 2007/136597 PCT/US2007/011497

10. The composition of claim 1, wherein the at ieast one second silicone surfactant

has the formula

CHs; CHs3 CH3;
CHy - ISi ~0- \lSi _0-  Si—CHs
CHs C|H3
CH,
L,
L,
(l)—[CHz—-CHz—O]y—OH

wherein y=6-10.

11. The composition of claim 10, wherein in the absence of an agriculturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation at a concentration of at least about 0.1% by
weight to cause a synergistic knockdown (KD) level on treated arthropods at a rate
of at least 80% within about 60 seconds after treatment of the arthropods with the

formulation.
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12. The composition of claim 2, wherein the at least one second silicone surfactant

has the formula

CHs CHs CHs
CH; - Isa -0- 'ISi -O-  Si-CHy
" ch
CH,
S
th
(I)—[CHz—CHz—O]y—OH

wherein y=6-10.

13. The composition of claim 12, whe‘rein in the absence of an agriculturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation at a concentration of at least about 0.1% by
weight to cause a synergistic knockdown (KD) level on treated arthropods at a rate

of at least 80% within about 60 seconds after treatment of the arthropods with the

formulation.

14. The composition of claim 12, wherein in the absence of an agriculturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation in a sufficient concentration to cause a
synergistic knockdown (KD) level on treated arthropods at a rate of at least 80%

within about 60 seconds after treatment of the arthropods with the formulation.
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15. The composition of claim 1, wherein the at least one first silicone surfactant has

the formula
| CH; CHy CHy
CHs - \ISi -0- ISi -O- Sli—CHa
b chi
CH;
b
Sh
é) —[CH2 - CH2 -0}, - CH3s

wherein y=8,

and wherein the at least one second silicone surfactant has the formula

CHs CHs CHs
CHs - !e,i -0- ISi -0- Sli—CH:,
by chy
CH,
by
S
i)- [CH -~ CH, — O], — OH

wherein y=8.

16. The composition of claim 15, wherein the at least one first silicone surfactant and
the at least one second surfactant are present in the formulation in a sufficient
concentration to cause a synergistic knockdown (KD) level on treated arthropods at

a rate of at least 80% within about 60 seconds after treatment of the arthropods with

the formulation.
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17. The composition of claim 15, wherein in the absence of an agricuiturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation at a concentration of at least about 0.1% by
weight to cause a synergistic knockdown (KD) level on treated arthropods at a rate
of at least 80% within about 60 seconds after treatment of the arthropods with the
formulation.

18. A method of treating arthropods comprising applying to an arthropod a
formulation containing at least one first silicone surfactant selected from the group

consisting of

|CH3 ICH3 CH3
CH; - ISi -0- Si -0O- Si— CH;
CHs CH3;

CnHZnO[C2H4O]y - [CHZ]Z -R

wherein n=1-5, y=3-10, z=0-5, and R= alkyl having 1-4 carbon atoms,

and at least one second silicone surfactant selected from the group consisting of

(I:H:; ?Ha (I:H3
CH; - |Si -0- Si -O- Sli—CH3
CH; CH;

CnHZnO[C2H40]y - [CHZ]Z - R

wherein n=2-4, y=3-10, z=0-5, and R=0H or H, provided that when z=0, R=H, and
when z=1-5, R=0OH or O-alkyl having 1-4 carbon atoms,
in a sufficient concentration to cause a synergistic knockdown (KD) level on treated

arthropods.
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19. The method of claim 18, wherein the at least one first silicone surfactant and the
at least one second silicone surfactant are present in the formulation at a
concentration sufficient to cause synergistic knockdown (KD) of the treated

arthropod in a period of less than about 60 seconds.

20. The method of claim 19, wherein the synergistic knockdown (KD) of the treated

arthropods is at a rate of at least about 80%.

21. The method of claim 18, wherein the at least one first silicone surfactant and the.
at least one second silicone surfactant are present in the formulation 'at a
concentration of at least about 0.1% by weight to cause a synergistic knockdown
(KD) level on treated arthropods at a rate of at least 80% within about 60 seconds

after treatment of the arthropods with the formulation.

22. The method of claim 18 wherein, in the absence of an agriculturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation at a concentration of at least about 0.1% by
weight to cause a synergistic knockdown (KD) level on treated arthropods at a rate
of at least 80% within about 60 seconds afte_r treatment of the arthropods with the

formulation.
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23. The method of claim 18, wherein the at least one first silicone surfactant has the

formula

CH; - Si

wherein y=6-10.

CH3 CH3

|
Si -O- Si-CHs

CHs
CH; '
b,
bh
(I) - [CH; —CH; - O], —CHs

24 The method of claim 18, wherein the at least one second silicone surfactant has

the formula
CHa
CH; - lSi -0-
b

wherein y=6-10.

CHjs CHj

|Si -0- SIi —CHs
ch

CH;

b

b,

5

- [CH2 - CH2 - 0]y, - OH
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25. The method of claim 18, wherein the at least one first silicone surfactant has the

formula
CHj CHj; CH;
CH; - ~|$i -0- Li -O- Si—-CHj

b chy
CH;
b,
b
(l) —[CH2 —CH2 - O}y, —CH3

wherein y=8,

and wherein the at least one second silicone surfactant has the formula

CHs CHs CHs
CHs - lSi -0- |Si -0- sli—c:H3
" ch
CH,
b
S
c|)— [CHz — CHa — O}, — OH

wherein y=8.

26. The method of claim 25, wherein the at least one first silicone surfactant and the
at least one second surfactant are present in the formulation in a sufficient
concentration to cause a synergistic knockdown (KD) level on treated arthropods at

a rate of at least 80% within about 60 seconds after treatment of the arthropods with

the formulation.
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27.The method of claim 25, wherein in the absence of an agriculturally active
ingredient, the at least one first silicone surfactant and the at least one second
surfactant are present in the formulation at a concentration of at least about 0.1% by
weight to cause a synergistic knockdown (KD) level on treatéd arthropods at a rate
of at least 80% within about 60 seconds after treatment of the arthropods with the

formulation.
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