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Making Applications More Difficult 

to Make Applications More Efficient
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Optimized 

Applications
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Equipment is not getting less sophisticated!

The Pesticide Application
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Process for Pesticide Efficacy
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Ebert et al. 1999

Spray Tank

Atomization

Impaction

Retention

Deposit Formation

Biological Effect

Chemical Reactions

Pump Shear

Equipment/Application

Mixing and Agitation

Physical Properties

Atmospheric Conditions

Evaporation

Micrometerological Effects

Spray and Surface Properties

Droplet Size and Kinetic Energy

Dynamic Spreading

Spreading and Coalescence

Absorption and Translocation

Surface Activity

Encounter Probability
Pick-up and Transport to 

the Site-of-Action

Ebert et al. 1999

7

8



1/11/2019

5

Spray Tank

Atomization

Impaction

Retention

Deposit Formation

Biological Effect

Chemical Reactions

Pump Shear

Equipment/Application

Mixing and Agitation

Physical Properties

Atmospheric Conditions

Evaporation

Micrometerological Effects

Spray and Surface Properties

Droplet Size and Kinetic Energy

Dynamic Spreading

Spreading and Coalescence

Absorption and Translocation

Surface Activity

Encounter Probability
Pick-up and Transport to 

the Site-of-Action

Equipment Contamination

Drift Losses

Interception by Non-targets

Redistribution

Reflection, 

Shatter and 

Splash

Losses

Losses

Redistribution

Redistribution

Run-off

Volatilization

Weathering

Loss of Active

Loss of Diluent
Volatilization

Ebert et al. 1999

Definition of Drift:

Movement of spray particles and 
vapors off-target causing less 
effective control and possible injury 
to susceptible vegetation, wildlife, 
and people.

Adapted from National Coalition on Drift Minimization 1997 
as adopted from the AAPCO Pesticide Drift Enforcement 
Policy - March 1991
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Types of Drift:

Vapor Drift - associated with volatilization  
(gas, fumes)

Particle Drift - movement of spray particles 
during or after the spray application

Particle Drift – Big 4

1. Wind Speed
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Wind Speed 
When the wind speed doubles, there is 

almost a 700% increase in drift when 
readings are taken from 90 feet 
downwind from the sprayer. Hence 
the recommendation of spraying in 10 
mph winds or less.

90 ft.700% Increase

Wind Speeds Gradients:

The relation between height above the canopy of a 

crop like cotton or soybean and the speed of wind.
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Particle Drift – Big 4

1.Wind Speed

2.Boom Height

Boom Height 

When the boom height was increased 
from 18 to 36 inches, the amount of 
drift increased 350% at 90 feet 
downwind.

90 ft.350% Increase
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Particle Drift – Big 4

1.Wind Speed

2.Boom Height

3.Distance from 
Susceptible Vegetation

Distance Downwind 
If the distance downwind is doubled, 
the amount of drift decreases five-
fold. If the distance downwind 
increases from 100 to 200 feet, you 
have only 20% as much drift at 200 
feet as at 100 feet.
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Particle Drift – Big 4

1. Wind Speed

2. Boom Height

3. Distance from Susceptible 
Vegetation

4. Spray Particle Size

Comparison of Micron Sizes
(approximate values)

Pencil lead 2000 µm

Paper clip 850 µm

Staple 420 µm

Toothbrush bristle 300 µm

Sewing thread 150 µm

Human hair 100 µm
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Data Analysis

• Droplet size data were statistically 
analyzed using a full factorial 
response surface model

• Four main model factors along with 
potential interaction effects were 
evaluated

– Nozzle

– Application Volume Rate

– Orifice Size

– Formulation

• All possible factorial combinations of 
the four main factors were tested

• Percent fine droplets to relate to drift 
potential – Vol < 150 µm (%)

• Dv0.5 (VMD) relates to efficacy

Droplet Diameter ( m)
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XR110025 at 60 psi using Water
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25.8% Fines < 150 µm

XR110025 at 30 psi using Water
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XR110025 @ 60 psi 25.8

XR110025 @ 60 psi 15.2
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TT11005 at 30 psi using Water

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

D
e

n
s
it
y
 d

is
tr

ib
u

ti
o

n
 q

3
*

40 60 80 100 200 400 600 800 1000

par t icle size /  µm

PKEY

2012-12-18 08:26:08.3190 3230 H

2012-12-18 08:28:03.7700 3230 H

2012-12-18 08:29:17.1260 3230 H

2012-12-18 08:31:50.9010 3230 H

2.8% Fines < 150 µm

Application % Fines

XR110025 @ 60 psi 25.8

XR110025 @ 60 psi 15.2

XR11005 @ 30 psi 7.6

25

26



1/11/2019

14

TTI11005 at 30 psi using Water
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Effect of Various Herbicides & Adjuvants on a 
“Medium” Spray Quality
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Relationship Between Drift and Efficacy

Efficacy

Drift 
reduction
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How far will particles go?

Droplet Diameter

(in m)

Time to fall 10 

ft

Travel distance in 3 

mph wind

Fog 5 66 min 15,840 ft

Very fine 20 4.2 min 1,100 ft

Fine 100 10 sec 44 ft

Medium 240 6 sec 28 ft

Coarse 400 2 sec 8.5 ft

Fine rain 1,000 1 sec < 5 ft

Source: Herbicide Spray Drift, NDSU Extension

TEEJET XR11003-VP
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TEEJET TTI11004

Herbicide Fungicide Insecticide

Incorporated
Pre-

Emergence
Contact Systemic Contact Systemic Contact Systemic

Liquid
Fertilizer

Turbo 
TeeJet

Good Good Good Good+ Good Good+ Good Good+ Good

Air 
Induction

Good+ Good+ Good Good+ Good Good+ Good Good+ Good+

Extended
Range flat 
fan

- - Good+ Good Good+ Good Good+ Good Good

Pre-
orifice
flat fan

Good+ Good+ Good Good+ Good Good+ Good Good+ Good

Standard 
flat fan

- - Good Good Good Good Good Good -

Twin 
orifice 
flat fan

- - Good+ - Good+ - Good+ - -

Turbo 
Flood Jet

Good+ Good+ - Good - Good - Good Good+

TurfJet Good+ Good+ - Good - Good - Good Good+

Solid 
Cone

- - - Good - Good - Good Good+

Pgs. 2-3
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Know the Label – The Label is the Law!

Know the Label – The Label is the Law!

Medium Spray Droplets

Flat fan nozzles are recommended (30-60 psi)

Do not use Fine or Extra Coarse Spray Droplets

10 GPA minimum

AI nozzles should be used at or near 80 psi
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Controlling Droplet Size. The most effective way 

to reduce drift potential  is to apply the largest 

droplets that provide sufficient coverage and 

control.

Volume.  Use high flow rate nozzles to apply the 

highest practical spray volume. Nozzles with 

higher rated flows produce larger droplets.

Pressure. DO NOT exceed the nozzle 

manufacturer’s recommended pressures. For 

many nozzle types, lower pressure produces 

larger droplets. When higher flow rates are 

needed, use higher flow rate nozzles instead of 

increasing pressure.
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Medium to Coarse Spray Droplets

10 MPH Winds or Less

50’ Set back from the Downwind Edge of Susceptible Species
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Controlling Spray Droplet Size

VMD – VMD is the expression of the droplet size of the spray cloud. The 

VMD value means that 50% of the droplets are larger than the expressed 

value and 50% of the droplets are smaller than the expressed value. 

Optimum Aim EW spray clouds should be 450 microns with fewer than 

10% of the droplets being 200 microns or less.

Carrier Rate

• Herbicides

– Glyphosate (RoundUp PowerMax) – 3 GPA

– Glufosinate (Liberty) – 15 GPA

– Lactofen (Cobra) – 20 GPA

– 2,4-D (Weedone) – 10 GPA

• Plots

– 10’ x 30’

• Weed Control Ratings taken 14 and 28 DAT

• Four locations
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Materials and Methods

Carrier 
volume Nozzle

Application
speed

GPA mph

5 XR11001 4

7.5 XR11001 4

10 XR11001 4

15 XR110015 4

20 XR11002 4.8

Results
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Results

5 GPA
7.5 GPA
10 GPA
15 GPA
20 GPA

Lactofen 5 GPA Lactofen 10 GPA
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Amaranth

0              5             7.5            10            15            20
GPA

0              5             7.5            10            15            20
GPA

0              5             7.5            10            15            20 0              5             7.5            10            15            20

Glufosinate

5 GPA

14 DAA

Control 150 µm 300 µm

450 µm 600 µm 750 µm 900 µm
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Dicamba

5 GPA

14 DAA

Control 150 µm 300 µm

450 µm 600 µm 750 µm 900 µm

Optimum droplet sizes for maximum 
Palmer amaranth control

Dicamba Glufosinate

5 GPA 150 µm Fine 270 µm Medium

20 GPA 626 µm
Extremely 

Coarse
488 µm

Very 

Coarse
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How droplet size affects droplets per square inch

Droplet Size 

(microns)

2 GPA 10 GPA 15 GPA 20 GPA

200 289 1,445 2,167 2,890

500 18 90 135 180

1,000 2 12 18 24

Spray Pattern
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XtendiMax Alone – TTI11004 @ 40 PSI

10 GPA

12 MPH

15 GPA

8 MPH

20 GPA

6 MPH
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XtendiMax Alone – TDXL-D11004 @ 40 PSI

10 GPA

12 MPH

15 GPA

8 MPH

20 GPA

6 MPH

10 GPA

12 MPH

15 GPA

8 MPH

20 GPA

6 MPH

XMAX + PMAX + SELECTMAX + WARRANT + INTACT
TTI11004 @ 40 PSI
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10 GPA

12 MPH

15 GPA

8 MPH

20 GPA

6 MPH

XMAX + PMAX + SELECTMAX + WARRANT + INTACT
TDXL-D11004 @ 40 PSI

10 GPA

12 MPH

15 GPA

8 MPH

20 GPA

6 MPH

XMAX + PMAX + INTENSITY + WARRANT + REIGN
TTI11004 @ 40 PSI
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10 GPA

12 MPH

15 GPA

8 MPH

20 GPA

6 MPH

XMAX + PMAX + INTENSITY + WARRANT + REIGN
TDXL-D11004 @ 40 PSI

Take Home Messages!

Particle drift can be influenced by formulation

Nozzle selection has the greatest influence on particle size

Adjuvants can reduce drift potential, but must be tested

There is no substitute for common sense – if the wind is blowing droplets will move

Pay attention to sensitive vegetation in surrounding areas

Drift WILL happen! Mitigating drift is essential!
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Questions?
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