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Herbicide Efficacy

Proper application

e Accurate, Uniform
« Effective weed control
* No/minimal crop injury




Herbicide Movement

PESTICIDE MOVEMENT IN THE ENVIRONMENT

Pesticides have the potential to move after they are first applied. Where they go and

how long they may last can depend on many factors. The combination of the following

factors influences pesticide movement. AIR
S —— temperature, sunlight, and rain may increase
PLANTS pesticide greakdown. This anc?o’rher weather conditions
affect the potential for pesticide movement.

Some pesticides are not easily taken up by
plants, and some plant types take up pesticides ENVIRONMENTAL CONDITIONS
more than others.
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https://npic.orst.edu/outreach/movement-infographic.png
https://www.uky.edu/Ag/Entomology/PSEP/images/pesticide_move.jpg

Herbicide Drift

What is it?

Physical movement of herbicide through the air during or after application,
to any other unintended site

- Unintentional/unintended exposure
- Humans, animals, crops/plants, and broader environment

Photo: Pixabay.com
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https://pixabay.com/photos/tractor-agriculture-field-splash-4761647/

Herbicide Drift

Can Cost...

* Reduced weed control, waste of herbicide/money
 Injury/damage to non-target plants

* Environmental and/or food contamination, water pollution
« Unacceptable/illegal herbicide residues

* Health risks to people, animals, wildlife

 Litigation concerns, fines, administrative action

Al-Khatib (2024)
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https://www.cal-ipc.org/wp-content/uploads/2025/02/Cal_IPC_Symposium_2024_Kassim_Al-Khatib_Pesticide_drift.pdf
https://www.cal-ipc.org/wp-content/uploads/2025/02/Cal_IPC_Symposium_2024_Kassim_Al-Khatib_Pesticide_drift.pdf
https://www.cal-ipc.org/wp-content/uploads/2025/02/Cal_IPC_Symposium_2024_Kassim_Al-Khatib_Pesticide_drift.pdf

Herbicide Drift

Types

1. Particle Drift: Physical movement of spray droplets or dust particles
2. Vapor Drift: Movement of vapors (gas, fumes)

Photo: Pexels.com
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https://www.pexels.com/photo/green-tractor-in-field-2889442/

Herbicide Drift

Vapor Drift
Vapor pressure
Herbicide ~Vapor Pressure (mmHg at 77F)
Clomazone (e.g., Command) 0.000144
Trifluralin (e.g., Treflan) 0.00011
Dicamba 0.0000338
2,4-D 0.000000147
Glyphosate (e.g., Roundup) 0.000000000975 Saflufenacil Water
0.00000000000000015 mmHg 23.8 mmHg
Saflufenacil (e.g., Sharpen) 0.00000000000000015 Low vapor pressure High Vapor Pressure
Less volatile More volatile
Water 23.8

Credits: NPIC.orst.edu, NPIC
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https://npic.orst.edu/hpt/table.html
https://npic.orst.edu/factsheets/vaporpressure.html

Herbicide Drift

Vapor Drift

Formulations

2,4-D

« 2-ethylhexyl ester; 0.000002 mmHg

« dimethylamine salt; 0.00000000079 mmHg (less volatility)

5ft 10t [20ft __ld0ft __|79ft __[157ft

ester 64% 57% 48% 29% 13% 2%
amine <2% <2% - - ;
choline <1% - - - _

choline salt: 0.00000014 mmHg Data: Sysnoskie et al. (2017) Image: P.unl.edu

Dicamba
 DMA salt — dimethylamine salt of dicamba
« DGA salt — diglycolamine salt of 3,6-dichloro-o-anisic acid
Credits: NPIC.orst.edu
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https://doi.org/10.1614/WT-D-14-00128.1
https://doi.org/10.1614/WT-D-14-00128.1
https://doi.org/10.1614/WT-D-14-00128.1
https://pat.unl.edu/tools-and-training/symptomology-project/
https://npic.orst.edu/hpt/table.html

Spray Drift

Important Factors

1. Wind Speed

2. Boom height

3. Distance from Susceptible Vegetation
4. Spray Droplet Size

Epa.gov, Kruger (2018)
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https://www.epa.gov/sites/default/files/2018-06/documents/spray-drift-full-webinar-slides.pdf

Spray Drift

Wind Speed
Davis - Sacramento Valley
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https://cimis.water.ca.gov/WSNReportCriteria.aspx

Herbicide Drift

Particle drift; Spray Droplet Size; Standard Measure; Micron

One micron = 1/1000 millimeter
= 1/25,400 inch

Degree of Atomization Drop size Common object comparison
(microns)

Fog Up to 20 Point of needle (25 microns)
Fine mist 20-100 Human hair (100 microns)
Fine drizzle 100-250 Sewing thread (150 microns)
Light rain 250-1000 Staple (420 microns)
T-storm rain 1000-4000 Pencil lead (2000 microns)

Credits: Ag.Purdue.Com
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https://ag.purdue.edu/department/extension/ppp/resources/ppp-publications/mobile/ppp-107/_media/pu_drop-sizes_print.jpg

Droplet Size

Volume Median Diameter (VMD), microns (um)

50% of the total spray volume
consists of droplets smaller
than the VMD

50% of the total spray volume
consists of droplets larger
than the VMD

50% volume VMD 50% volume
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Droplet Size Classification

Standard Classification

VERY EXTREMELY ULTRA
COARSE COARSE COARSE

—

XF

uc

EXTREMELY
FINE

VERY

= FINE MEDIUM COARSE

upto 99 um 100 umor 150 umor 195 umor 270umor 350 ymor 485 pumor 665 um or
greater greater greater greater greater greater greater

ASABE S572.3/1SO25358
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https://elibrary.asabe.org/abstract.asp?aid=51101&t=2&redir=&redirType=
https://www.iso.org/standard/66412.html

Herbicide Drift

How long will it take to fall? How far will it go?

Droplet Width (ium) Time to Fall 10 Feet Travel Distance in 3mph Wind

Fine 100 10 seconds 44 feet

Medium 240 6 seconds 28 feet

Montana.edu

14


https://www.montana.edu/extension/pesticides/reference/drift.html

Herbicide Drift

How long will it take to fall? How far will it go?

Extremely
Coarse
1 sec
Coarse ‘
2 sec
Medium 6 sec

5ft 9ft 28 ft 44 ft

Montana.edu
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https://www.montana.edu/extension/pesticides/reference/drift.html

Coverage

Droplet size, spray volume, and coverage

Fine
Medium

Coarse

Very 250 microns 500 microns 1000 microns

Coarse

Extra
Coarse

Photo: Sprayers101.com
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https://sprayers101.com/right-way-to-spray/

The Balancing Act

Drift

-
1

o>

Coverage
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Herbicide Efficacy

Nozzle selection is important!

Droplet Size

Drift Potential

Flow Rate

Spray Pattern

Spray Coverage/Penetration

Nozzle
selection

Herbicide Spray

characteristics Pressure

Tank-mix Spray
partners Volume

18



Nozzle Information

Nomenclature

Spray Angle

Nozzle Type Flow Rate (gpm)

Photo: AgSpray.Com
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https://www.agspray.com/userdocs/products/mr110-06_1_lb.jpg

Nozzle Technology

: Air induction
Simple flat fan Turbo flat fan Turbo twin flat fan flat fan

STANDARD HYDRAULIC PRE-ORIFICE AIR INDUCTION "\I
(Flat Fan- VP) (Guardian-GRD) (GuardianAIR Twin-GAT) Rermovable )
insart Tweo internal
) 'S A ) air inkats
= - il e | ] Pre-Orifice
1 0 i One axternal
- . B Mixing air inkat
' R i b = o Chamber 8
A g 1 Exit Orifice with
W AIR INDUCTION B ] ; 15° offset from
|j s, 80 ‘ TURBULENCE — INLETS - i +-— vertical position
FLOW ORIFICE / CHANIER / ; CHAMBER TTI110__ -VP Spray Tip
& PATTERN CREATION PATTERN CREATION PATTERN CREATION=* [Cross Section View) J

Photo Credits: Thompson (2025) extension.uga.edu, Proulx et al. (2024) NDSU.edu, and Teejet
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https://precisionagirrigation.extension.uga.edu/2025/06/considerations-for-sprayer-nozzle-selection-for-effective-fungicide-herbicide-and-insecticide-applications/
https://www.ndsu.edu/agriculture/extension/publications/spray-application-technology-selecting-spray-nozzles-drift-reducing
https://cdn.shopify.com/s/files/1/0904/1362/files/tj77.jpg?v=1612452322

Herbicide Drift

ISO Injet 02 @ 44 psi
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https://www.sciencedirect.com/science/article/pii/S1537511007000712?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1537511007000712?via%3Dihub
https://www.ndsu.edu/agriculture/extension/publications/spray-application-technology-selecting-spray-nozzles-drift-reducing

Herbicide Drift

Nozzles Impact on Spray Droplet Size
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Water Sensitive Paper Demonstrates Droplet Size

Ag.Purdue.edu 0.4 gpm

Photo: Ag.Purdue.edu

22


https://ag.purdue.edu/department/extension/ppp/resources/ppp-publications/mobile/ppp-153/_media/868.jpg
https://ag.purdue.edu/department/extension/ppp/resources/ppp-publications/mobile/ppp-153/_media/868.jpg

Environmental conditions

Temperature Inversion

During a typical day With an inversion

Cold Air

I- Cool Air l*

Inversion Layer (Warmer Air)
Hot nlr ]
pel L5 EF b = o |r' T - ' 3 - ™ Iul 7 — - 5 ':‘

Continuous movement of air Cool air is trapped below

Agweb.com Agweb.com

Photos: Agweb.com & Angie Rieck-Hinz
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https://crops.extension.iastate.edu/post/be-watch-temperature-inversions
https://crops.extension.iastate.edu/post/be-watch-temperature-inversions
https://crops.extension.iastate.edu/post/be-watch-temperature-inversions

Environmental conditions

Temperature Inversion
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https://atm.ucdavis.edu/weather/uc-davis-weather-climate-station

Herbicide Injury

Diagnostics

« Symptomology

« Spatial Patterns

« Selectivity

» Site History

* Require Training

» Abiotic factors? (e.g., Drought/Nutrients stress)
 Biotic factors? (e.g., Insects/Diseases)

=

Photo: Freepik.com
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https://www.freepik.com/icon/diagnosis_12236908
https://www.freepik.com/icon/leaf_15503286#fromView=search&page=1&position=91&uuid=0b8cf011-c6c5-49bc-b19a-2a5f6d71ab0c

Herbicide Injury

Examples

Group 4

« Broadleaves

» Epinasty/Twisting

» Leaf malformations (crinkling,
cupping, strapping)

, Weed Schools |

PhotoPatricia Lazicki

Group 1

» Grasses

* Chlorosis

* Rotten growing point

Photos: Patricia Lazicki, UC Weed School, UC IPM, herbicide-symptoms.ipm.ucanr.edu
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Herbicide Injury

Examples

Group 9 Group 14

» Systematic » Contact

* Yellowing/chlorosis « Bronzing/browning

* New to old growth * Necrotic spots/lesions

r L
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o W i :
PAtricla Laz&ckl UC W et ChoO|[EERS i i - o nti &

M Project -
E1Ei Regents, University of California

Photos: Patricia Lazicki, UC Weed School, UC IPM, herbicide-symptoms.ipm.ucanr.edu
27




Herbicide Injury

& 2% herbicide-symptoms.ipm.ucanr.edu/#gsc.tab=0

[ Resources % Adobe Acrobat

& Herbicide
N/ Symptoms

Herbicide Symptoms
Tool

When applied inappropriately, the use of herbicides can injure nontarget plants.
Herbicide damage may cause slight to serious injury symptoms and can occasionally
cause economic damage as well. Herbicide chemistry and physical properties usually
determine how herbicides interact with the biological and physical systems of the

plant.

Use Herbicide Symptoms Tool =

Filters

Symptoms

Select Symptoms

Mode of Action

Select MoA

Herbicides

Select Herbicides

Chemicals

Select Chemicals

Plants

Select Plants

28



Conclusions

Practices to reduce herbicide drift

 ALWAYS FOLLOW the herbicide product LABEL
» Consider the location of sensitive vegetation
» Check wind (3-10 mph)
» Large size droplets
* Wide-angle nozzles
» Stable low boom height
» Avoid high/variable travel speeds
» Low volatility formulations
* Avoid temperature inversions
» Consider/use buffer
» Consider new technology:
 Drift reducing nozzles
 Drift reducing adjuvants
* Shielded booms

29



AGRONOMY CROPS SURVEY
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