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Making Applications More Difficult
to Make Applications More Efficient

Greg R. Kruger
Weed Science and Application Technology Specialist
WCREC, North Platte, NE
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Equipment is not getting less sophisticated!
LS |

The Pesticide Application
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Process for Pesticide Efficacy

Spray Tank
Atomization
Impaction
Retention
Deposit Formation

Biological Effect

I{ I{ I{ I I( I

Chemical Reactions Spray Tank
] Pump Shear
— ] —

Mixing and Agitation

Atomization

Equipment/Application
] Physical Properties
Atmospheric Conditions |o— g
[Evaporaton | _
Impaction
Micrometerological Effects

Spray and Surface Properties
Droplet Size and Kinetic Energy Ret

ent

Dynamic Spreading

Spreading and Coalescence Deposit Formation

Absorption and Translocation
‘ Surface Activity [
Encounter Probability Biological Effect

l |

p and Transport to
the Site-of-Action
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Equipment/Application omization

Equipment Contamination

Drift Losses

Physical Properties

> Interception\Qy Non-targets

Atmospheric Conditions

Evaporation Volatilization
Redistribution

Reflection,

/

/ Shatter and Losses
Spray and Surface Properties Splash
Droplet Size and Kinetic Energy Retention Redistribution

Micrometerological Effects

Losses

] Run-off
Dynamic Spreading _/_> u Loss of Active
\olatilization

Loss of Diluent
Spreading and Coalescence Deposit Formation _
Weathering
Absorption and Translocation

Redistribution
Surface Activity

Pick-up and Transport to
Encounter Probability Biological Effect the Site-of-Action

Ebert et al. 1999
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Definition of Drift:
Movement of and
off-target causing less
effective control and possible injury
to susceptible vegetation, wildlife,
and .
Adapted from National Coalition on Drift Minimization 1997
as adopted from the AAPCO Pesticide Drift Enforcement
Policy - March 1991
10
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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

11

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.

Wind Speeds Gradients:

11 mph

30

10 mph

20

10 8 mph

Wind Speed

Height Above Crop Canopy, Feet

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

15

Boom Height

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

16
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Particle Drift — Big 4

1.Wind Speed
2.Boom Height

17

. . @.)‘.
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.

a-‘@%‘ g
, 1 80% Decrease 200 ft.

18
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Particle Drift — Big 4

1. Wind Speed
2. Boom Height

4. Spray Particle Size

19

Comparison of Micron Sizes
(approximate values)

Pencil lead 2000 um
Paper clip 850 um
Staple ’ 420 um
Toothbrush bristle = 300 um

Sewing thread a’f/f 150 um

Human hair m— 100 pum

20
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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 pum (%)

D5 (VMD) relates to efficacy

Cumulative Volume (%)

® D0
® D0 (VMD)
Dw0

V<100um
®  v<i50um
V<250um
®  V<300um

T
600 800 1000 1200 1400

Droplet Diameter (um)

1/11/2019
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XR110025 at 60 psi using Water

25.8% Fines < 150 pum
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XR110025 at 30 psi using Water

T T T
Application % Fines ]
XR110025 @ 60 psi 25.8

15.2% Fines < 150 pum

Density distribution q3*

\

24
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XR11005 at 30 psi using Water

7.6% Fines <150 pm

Application

% Fines

XR110025 @ 60 psi

XR110025 @ 60 psi

25.8
15.2

-
2
-

PREY T T T
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
012-12-18 08:31:50.9010 3230 H

Density distribution g3*

26

2.8% Fines < 150 um

T T
Application

% Fines

XR110025 @ 60 psi
110025 @ 60 psi

XR11005 @ 30 psi

25.8
15.2
7.6

1/11/2019
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TT111005 at 30 psi using Water

PREY

Application % Fines
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[ : TT11005 @ 30 psi 28

=t 0.2% Fines < 150 pm :
1ol 1
s ]
&l 1
QL ]
ol ]
el ]
S i) ]
515 .
8wl ]
B 1 J
T b ]
Sl 1
Gl 1
Daip ]
&l 1
0ol 1
os| ]
o7 ]
0sl 1
05l 1
0all ]
osl 1
0ol 1
ol A_,Li;ﬁ;/[/ ]

00 C L .|

Effect of Various Herbicides & Adjuvants on a
“Medium” Spray Quality

VMD

€ Fine Medium Coarse m——>

PN WA OO N ®

0 25 50 75 100 125 150 175 200 225 250
Size (pm)

* Tee Jet Droplet Size Classifications

28
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Volume Median Diameter (VMD)

Water ] RWM +2% AMS
] RWM + 1% AMS + Polymer ] RWM +2% AMS + Invert Emulsion
[] RWM + 2% AMS + Microemulsion B % less than 105 microns
600 — 160
450 - + 120
_— L
[
300 | 80 8
S
[}
a.
150 - l + 40
1184810 2l 1]1
0 - T 0
XR 11005 TT 11005 TF 2.5 Al 11005 AIXR 11005
40 psi 40 psi 40 psi 40 psi 40 psi
2.8 bar 2.8 bar 2.8 bar 2.8 bar 2.8 bar
29
Relationship Between Drift and Efficacy
Efficacy
Drift
reduction
30
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How far will particles go?

Droplet Diameter Time to fall 10 Travel distance in 3
(in pm) ft mph wind

Medium 6 sec 28 ft

Source: Herbicide Spray Drift, NDSU Extension

31

TEEJET XR11003-VP

XR11003VS

Eaf a\m- &

32
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Herbicide Fungicide Insecticide
Pre- . . . Liquid

Incorporated Emergence Contact | Systemic | Contact | Systemic | Contact | Systemic Fertilizer
Turbo Good Good Good | Good+ | Good | Good+ | Good | Good+ | Good
Teelet
Air Good+ Good+ Good | Good+ | Good | Good+ | Good | Good+ | Good+
Induction
Extended | - - Good+ | Good Good+ | Good Good+ | Good Good
Range flat
fan
Pre- Good+ Good+ Good | Good+ | Good | Good+ | Good | Good+ | Good
orifice
flat fan
Standard | - - Good | Good Good | Good Good | Good -
flat fan
Twin - - Good+ | - Good+ | - Good+ | - -
orifice
flat fan
Turbo Good+ Good+ - Good - Good - Good Good+
Flood Jet
Turflet Good+ Good+ - Good - Good - Good Good+
Solid - - - Good - Good - Good Good+
Cone
Pgs. 2-3
34
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Know the Label — The Label is the Law!

APPLICATION INFDRHATIDN
B Uniform, thorough spray coverage is important iova consistent weed G Select
Pozzlas and prossure tht deler MEDIM: spray ﬂnplﬁk as indicatod in nozzle ey s

catalogs and in accordance with ASAE Standard S-572. Nozzles that deliver COARSE spray

roplets may be used o rece spray it rovidd spry volume per s (GPA) i increesad
10 maintain coverage of weeds. Flat les of 80" or 110" are recommendad for optimum
post emergence coverage.

FINE (0.9.- Cone) or EXTRY - Flood jet) spray droplats.

Ground Application
LAUDIS can be sppled boadcas n  minirum of 10 gallons o water per acre (uress 8 igher

adverse growing conditions, 15w20gilmsdvmlwperlcmimmnm»did. Goodwﬁmw
1s ossenial 1 chvove opfivum woed

Typically, fiat-fan nozzles operated at »eo Pt wil delver MEDIUM spray dropics

optimum spray coverage and canopy penetration. Lower pressure operation i ogh Toghor
volume fa fan nazzles typicaly deiver COARSE sprays. Rolor to nazzle manukachuror catalogs.

irinducton nozzies shouid be used at or near 80 pi to produce & medium droplet sze.
[anour el Henecioe] + Proper agitation should be maintained within the tank to keep the product dispersed.

Atiietor vt KEEP OUT OF REACH ¢ * Ses the Spray Drit Management seckon of tis label for adifona inkomaton on proper
‘s0ed com, sweet com, and popaen. OF CHILDREN El Mixing mmuﬁmm
ACTIVE INGREDENTS: CAUTI g‘ AUDIS with cle Prior to adding LAUDIS,
s that the spray tank, fiters and nozzles have been thoroughly cleaned and that agiation
‘rAlucrcetharymety ooyl | la expliquo a ustod on detalle. b= sneure:
—" s 103> o Undersiand he lbel, fnd soracons system is properly working.
INGRT LS55 1. Fill spray h of the required water, and i
3 FOR ADDITIONAL PRE GAUTIONARY

T e STATEMENTS: See fnside Bookiet ] 2. Agtate the LAUDIS product containe thoroughly b shaking, crulaig or stiring prio 1o
Contsing 1.5 1b of active ingredient per gallon For PRODUCT USE Information Call adding the herbicide into the spray tank.
“(CAS Number 356104842 1-966 GORAVER (1.866.902-2507) 3 it of LAUD! lyto the spray
P Fr MEDICAL And TRANSPORTATION Ersergsniss " Maintaif 2 g T _
g Wo DR ONLY 18003047577 ‘both mixing and oy 4 9

4. H tank mixing with anather pesticide, add the tank mix product next (except in the case of
glyphosate which should bo addod after tha nitrogen fortiizoer is dispersod).
5. Add nitrogen fortiizer.

5. Add the adjuvant.

7. Fil the spray tank with balance of wter nseded.

Know the Label — The Label is the Law!

APPLICATION INFORMATION

Medium Spray Droplets
Flat fan nozzles are recommended (30-60 psi)
Do not use Fine or Extra Coarse Spray Droplets

10 GPA minimum

Mixing Instructions

LAUDIS nul be appiied with clean and properly calibrated equipment. Prior to adding LAUDIS,

ensure spray tank, fifters and nozzles have been thoroughly cleaned and that agitation

system is. pmpwfy working.

1. Fil spray tank with 50% of the required volume of water, and begin agitation.

2 A munwmsmmmmuuwbynmumnngwmgwm
ing the herbicide into the spray

3. int of L spray tank
complste dspersion. Maintai s
both mixing and spraying.
4.} tank mixing with anather pestiide, add the tank mix product naxt (except in the case of
10 which should bo addod after tha nitrogan fortlizor is dispersad).
5. Add nitrogen fortlizer.
6. Add the adjuvant.
7. Fil the spray tank with balance of water needed.
4
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[ =-BASF [Group JE

‘The Chermical Company

Moda of Action
herbicide & & potert Infibior of

of protoporphyrogen- cxigase, plant death s he resut of
mam;

Application Methods and Equipment

‘Sharpen may be appiled by ground or ak. Thorough spray
‘OpUMUM DrOSCIEA? Ween GOl

covErage 15 requren
Is  and can oo mproved i proper . ncize and
=pray volume sekecton,

Use arn comgurs ppleston equpert o provce

raNa QEMAgE. LNC! 3CHVE Qrowng Conaiions, SLs-
)

aly
MECTOC N SO WATNN NOUTS 20 e W & BN

GRy= Susseptoe cmergry wees sesangs il Aty os - 10
sharly

-
o of spray dropiets over the troeted aree, L
oy ot o nonkrget e, Equpet s oo st

a5 ey
Resistance Management

SHARPE N'"), oo

POWERED BY IKIXDR* HERBICIDE

A broadleaf herbicide for use in the following field and row
‘agricultural crops: chickpea (garbanzo beans), corn (field, pop,
silage), cotton, fallow and postharvest, field pea, small grains,
sorghum (grain), soybean, sunflower (harvest aid/desiccation
only); and noncropland areas

Actve ngrectent:

EPA Reg. No. Te68-278 EPA Est. No.
KEEP OUT OF REACH OF CHILDREN
CAUTION/PRECAUCION

13 edqueta, busque 3
dee I you do ot understand the lzbel,

AU 3 Lsted
find somecne 1o explainE {2 youn dstal)
‘556 InEI0s 07 COMEkLS FISt AKY, Precautionary Statements, DIECtions For Use,
Conditions ang

In £a5e of an emergency endangening i or proparty INVGNINg thes procuct,
call day or night 1-800-832-HELP 4357).

Net Contents:

BASF Corporath
22 Dus e, Racsaron Trang Park, NG 27708

WIS W reSitance (o PrOOpCMEYnogSn-cdase
Infibiling herbicides |5 retatively InFequent, popustions of
know 0 extet

e practices INoLe:

1. Folloatng beled appacation raie and weed growin

con
SR e
a o e
B —
=1k s et

‘good mechanica or bypess| thuvsﬂq;slrﬂl
WA INCrEE= rates Dove NG LSS ates specthiec In the
nel

‘Sharpen ey be appiled using ellher weter or sprayabie
terture

Addticraly, Sharpen

witn ciry bk teriilzar

Aerial Application Requirements
Volume. Use 3 or more galons of waler par acre
appicatons L

‘of Water per BB ToF Narvest AC/IASICSNCN EppICENonS.

i 02 S e Iolowing messures must e folowed 10 1ecuce e
o oo s st rp ot gy P o s 6 o e s
herticides with aterativa maes of acton can b Ussd
10 cortra weed 1. The dtanoe of e cutermost noezies an fhe boom
st nof expeed 3/4 the kengh of e Trect wiy
Crop Tolerance oo e e e e or
Croge rs toerant fo Sharper o umlwmmmmmmamm
isoa o | Do NOT
anq unde ol sniroAmental CondIrS. Crop Ny mww
may oocur .. low 5ol peralet wih the
ity coecling cheemoe, exireme hof or coid wesifer, oo eyt i Soneer v P
‘axcesshe moistre, Ngh soA pH, nign ok zat concerira- 45
rought. 2. Wi ooy

an, o ar

‘Severa crop njury wil resull I Sharpen Is eppled post-
‘amegencs jover me topy o any crop.

raf satety, appacabons
shouk bemade & a Pelgnt of 10 feet of ess above Ine
CIop cancpy or ikt piants

5.D0 NOT =ppy durkng priocs of femperaturs Inversicns

Tacts fo nontarget arees

7 b appaed ot 10 r0p.
‘except for harvest aid/desiccation uses.

Application Rates
‘Appication rates o1 Shamen may vary oependng on zal
‘fexture and organic metier. Fefer to Table 3 for soll iexdure
qroupe used nns abal

Table 3. Soll Texture Groups

Coarse ‘Medum Fine

S El EEED]
lioamysand St loam sty clay

oam sy
e e
iy

The Ghemical Company

=

Herbicide Mods of Action
Snarpen nercice .2 potet roter of
pretoporpnyogen-asiiase belonging fa herblcide mode

oy
mmmgawmmmmmmmmm
appication ana tne ownwina eage of cens
1ve torTesinal naDtats (such 2 grassiands, Krested
1B, SNEter DEs, WOODOTS, NEQDaTTNS,
arees, and s lands.
GmmAnpicamnMunm
lume. U 5 o
msﬂmuzﬂummﬁgmmwm

tors In stee can spray ..
]

. il sk

‘GouErae. LS Ngha Speay VOUmes (£ 4. 15020 gakons

ol watse per s I these shuaios o spray

‘ooverage and optimize bumdown activiy: Use a minimum

Application Methods and Equipment
‘Sharpen ey ba appisd By ground of & Trorougn spray

‘ooverage |5 required for optimum broadieal weed corirel
cyrant,

Controlling Droplet Size. The most effective way i
to reduce drift potential is to apply the largest
droplets that provide sufficient coverage and

I highest practical spray volume. Nozzles with

&% higher rated flows produce larger droplets.

Eral Pressure. DO NOT exceed the nozzle
| manufacturer’s recommended pressures. For
many nozzle types, lower pressure produces
larger droplets. When higher flow rates are
e needed, use higher flow rate nozzles instead of
= increasing pressure.

5 D 1 Pecesrcn Tenge Park, NG 21708

.0 NOE WS marestes Wi
‘eoverage. Use igher speay volmes (B.g. 15 mugams
‘ot waler per a6 1 fhese shuaions to orasse spray

‘COWEragE AN CPETIZE DUTCIOWN aCtVEy. USE 2 mrmum

1/11/2019
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[Groun [RZ Ferbicide

Moda of Action
™ herblcide & & potert Infibior of

TATErans damage. Lindar aCtVe growng conditrs 2-

Application Methods and Equipment
ey be applied by ground or & Thorugh spray
ocuerage I IEquFed for opIITU broadiest weed ot
‘and cen be Improved with proper adjuvan, nozzle and
& selaction.

USe ang onigue EppICton AqUBMENt (0 provse 2n

an accurale &nd Lritorm disribu-

PRGOS T YT HATH RS o0 B0 Wi &
e BMergIg wee Saecings wil Lsualy i
s iney reech the sollsurtace o shorll after emergence.

Resistance Management

Medium to Coarse Spray Droplets

10 MPH Winds or Less

ion of spray dropiets over e rested area, and o avod

Sy ANt 0 nontarget areas. EQUETEN SNoUT B Aa)st-
& to matain corinucus gheton cLring Spraing with
good mechanicl or bypess agiation. Avokd overiaps trat
WAl INCreaz Fatec 2Done e s Fates Specines intns.
bl

50’ Set back from the Downwind Edge of Susceptible Species

or uUse In d row
aurl:um.ra\ u'ups nm:kpaa (garbanza beansl, l:omtﬁelﬂ pop,
silage), cotton, fallow and postharvest, field pea, small grains,
sorghum (grain), soybean, sunflower (harvest aid/desiccation

only); and nencropland areas

Actve ingrectent:
afufenact: N'-; 3

Bty 123 iy \Spmw ey garkie m7en
Other Ingredient: RO ¥
Totalk .. - - - S i S ce 100.00%
ot 155 e e g Pt

EPA Reg. No. Te68-278
KEEP OUT OF REACH OF CHILDREN
CAUTION/PRECAUCION

ehqueta tsguea 15 EvpiqUE 3 Lsted
dee mywdorﬂmrsmlnﬂabel Msomm‘:mﬂnlmwuh:elal]

368 INSI08 107 COMEIELS FITSt AKI, Precautionary Statements, DINeCtions For Use,
Conditions of Sale. and

In £ase of an emergency endangering I or property INVoNINg this proaust,
call day or night 1-800-832-HELP 4357).

Net Contents:

BASF Corporaion
26 Davis Diive. Research Trengle Park, NG 27708
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HERB.]

For Agricultural or Commercial Use Only
NOT FOR SALE OR USE IN CALIFORNIA

PRECAUTIONARY STATEMENTS
Hazards to Humans (and Domestic Animals)

By
*cotsrie. Gal  pison corr center o Gortor

(AP p— aestzs | St reie oo
i ¥ coeing W P e
Actve Ingreaisnt: B Fing, ==
STERTTIRE AN, =it
Otner ingrdients: i e T e
- - - - - . DXSCA CCHING BNG Ofer absorbe: |
T B o | pa S e e e i =
Pt e e T
R i an oSt Wbher (28 Bt v
KEEP OUT OF REACH OF CHILDREN (o e e
CAUTION e
e iy s 1 esascn g e Then
FIRST AID
o i e b el . mroma B Environmental

40

I on G or Clotning: Arsz mn e et az
<Sdre e e .
e possen, i wash e,
1% 1 20 mines, Remove. farsient s pe s Physical/Chemical Hazards
e e e e e EhysioaliChemical Hazards
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s S e s e ey | TABLE OF CONTENTS -
R e e e
e e T e S
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40 cortrol weed escapes

Crop Tolerance
Crogs s tclral o Sherpen when sppled sccording o
d

‘@YCEEING MOiEE, Migh 508 PH, Mg 08 53k Concantra-
‘1on, or arougnt)

‘Severa crop njury wil resull I Sharpen Is eppled post-
‘amegencs jover me topy o any crop.

1.The gistance of e outermest
wgmmmmagmmmnmmgsmm
‘S0% O Iotor DiS0E ETEME.

2. Use low-orft nozzles such as sirslghi-stream nozzies.
{08 or largex). DO NOT wse nazzies produicing a mist

aropiet spray.

3 ozzes musl vy por beckward vt i e

‘rSiTaa 2Nt Rever ba BOinten SoNMER mars
25 degrees.

4. Witnut comy an satety, appacatons
shouk bemade & a Pelgnt of 10 feet of ess above Ine

CIop cancpy or ikt piants
5.D0 NOT =ppy durkng priocs of femperaturs Inversicns
o

lication Instructions
‘Sharpen My crily be 3ppiisa priof to oYOp SMergence,
‘except for harves! akl/desiosation uses.

Application Rates

Appication rates o1 SNarpen may Vary oepenang o sal
tezrure end orgaric matter. s 12 Table 8 1 oo et
grOLpE USeq In s iabal

Table 3. Soll Tex ture Groups
Coarse Medum Fine
B El Sady
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‘ooverage and optimize bumdown activiy: Use a minimum
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‘SPRAY DRIFT MANAGEMENT
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HERBICIDE

For Agri or ial Use Only P s
NOT FOR SALE OR USE IN CALIFORNIA Hazards to Humans {and Domestic Animals)

3 e wed st o o
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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.
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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 Application
volume Nozzle speed
GPA mph
5 XR11001 4
7.5 XR11001 4
10 XR11001 4
15 XR110015 4
20 XR11002 4.8
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Results
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Results

Amaranth
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Dicamba
5 GPA
14 DAA

Optimum droplet sizes for maximum
Palmer amaranth control

Dicamba Glufosinate

Fine

270 pm  Medium

150 um

Very
Coarse

Extremely
Coarse

626 pm 488 pm
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How droplet size affects droplets per square inch

51

Droplet Size 2 GPA 10GPA  15GPA 20 GPA
(microns)

200 289 1,445 2,167 2,890
500 18 90 135 180
1,000 2 12 18 24
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XtendiMax Alone — TTI11004 @ 40 PSI

|

10 GPA 15 GPA 20 GPA
12 MPH 8 MPH 6 MPH
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XtendiMax Alone — TDXL-D11004 @ 40 PSI

10 GPA 15 GPA 20 GPA
12 MPH 8 MPH 6 MPH
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XMAX + PMAX + SELECTMAX + WARRANT + INTACT
TTI11004 @ 40 PSI
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XMAX + PMAX + SELECTMAX + WARRANT + INTACT
TDXL-D11004 @ 40 PSI

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

NG
N s

1/11/2019

29



59

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

Drift WILL happen! Mitigating drift is essential!
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Questions?
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