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Role of adjuvants and nozzles in managing 
drift: Lessons from wind tunnel, greenhouse 

and field studies 



Spray	
  Tank	
  

AtomizaRon	
  

ImpacRon	
  

RetenRon	
  

Deposit	
  FormaRon	
  

Biological	
  Effect	
  

Chemical	
  ReacRons	
  

Pump	
  Shear	
  

Equipment/ApplicaRon	
  

Mixing	
  and	
  AgitaRon	
  

Physical	
  ProperRes	
  

Atmospheric	
  CondiRons	
  

EvaporaRon	
  

Micrometerological	
  Effects	
  

Spray	
  and	
  Surface	
  ProperRes	
  

Droplet	
  Size	
  and	
  KineRc	
  Energy	
  

Dynamic	
  Spreading	
  

Spreading	
  and	
  Coalescence	
  

AbsorpRon	
  and	
  TranslocaRon	
  

Surface	
  AcRvity	
  

Encounter	
  Probability	
  
Pick-­‐up	
  and	
  Transport	
  to	
  

the	
  Site-­‐of-­‐AcRon	
  

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 



Types	
  of	
  Dri]:	
  

Vapor	
  Dri]	
  -­‐	
  associated	
  with	
  volaRlizaRon	
  	
  
(gas,	
  fumes)	
  

ParRcle	
  Dri]	
  -­‐	
  movement	
  of	
  spray	
  parRcles	
  
during	
  or	
  a]er	
  the	
  spray	
  applicaRon	
  



ParRcle	
  Dri]	
  –	
  Big	
  4	
  

1. 	
  Wind	
  Speed	
  
	
  



Wind	
  Speed	
  	
  
When	
  the	
  wind	
  speed	
  doubles,	
  there	
  is	
  
almost	
  a	
  700%	
  increase	
  in	
  dri]	
  when	
  
readings	
  are	
  taken	
  from	
  90	
  feet	
  
downwind	
  from	
  the	
  sprayer.	
  Hence	
  
the	
  recommendaRon	
  of	
  spraying	
  in	
  10	
  
mph	
  winds	
  or	
  less.	
  	
  

90 ft. 700% Increase 



ParRcle	
  Dri]	
  –	
  Big	
  4	
  

1. Wind	
  Speed	
  
2. Boom	
  Height	
  



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

90 ft. 350% Increase 



ParRcle	
  Dri]	
  –	
  Big	
  4	
  

1. Wind	
  Speed	
  
2.  Boom	
  Height	
  
3. Distance	
  from	
  SuscepRble	
  

VegetaRon	
  



Distance	
  Downwind	
  	
  
If	
  the	
  distance	
  downwind	
  is	
  doubled,	
  
the	
  amount	
  of	
  dri]	
  decreases	
  five-­‐
fold.	
  If	
  the	
  distance	
  downwind	
  
increases	
  from	
  100	
  to	
  200	
  feet,	
  you	
  
have	
  only	
  20%	
  as	
  much	
  dri]	
  at	
  200	
  
feet	
  as	
  at	
  100	
  feet.	
  

200	
  $.	
  80%	
  Decrease	
  



32 oz/ac of Roundup PowerMax 
10 GPA 
Application speed: 12 mph 
XR Nozzle 
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Glyphosate Drift on Tomatoes 



32 oz/ac of Roundup PowerMax 
10 GPA 
Application speed: 12 mph 
TTI Nozzle 
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Glyphosate Drift on Tomatoes 



ParRcle	
  Dri]	
  –	
  Big	
  4	
  

1. Wind	
  Speed	
  
2. Boom	
  Height	
  
3. Distance	
  from	
  SuscepRble	
  
VegetaRon	
  

4. Spray	
  ParRcle	
  Size	
  
	
  



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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15.2% Fines < 150 µm 



XR11005	
  at	
  30	
  psi	
  using	
  Water	
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7.6% Fines < 150 µm 



TT11005	
  at	
  30	
  psi	
  using	
  Water	
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2.8% Fines < 150 µm 



TTI11005	
  at	
  30	
  psi	
  using	
  Water	
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0.2% Fines < 150 µm 



Spray droplet classification   

Classification Symbol Color Approx VMD 

Very fine VF Red <100 

Fine F Orange 100-175 

Medium M Yellow 175-250 

Coarse C Blue 250-375 

Very Coarse VC Green 375-450 

Extremely coarse EC White >450 

Source: ASAE Standard S-572 



How far will particles go? 
Droplet Diameter 

(in µm) 
Time to fall 10 

feet 
Travel distance in 3 

mph wind 

Fog 5 66 min 3 miles 

Very fine 20 4.2 min 1,100 feet 

Fine 100 10 sec 44 feet 

Medium 240 6 sec 28 feet 

Coarse 400 2 sec 8.5 feet 

Fine rain 1,000 1 sec 4.7 feet 

Source: Herbicide Spray Drift, NDSU 
Extension 







Effect	
  of	
  Various	
  Herbicides	
  &	
  Adjuvants	
  on	
  a	
  
“Medium”	
  Spray	
  Quality	
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* Tee Jet Droplet Size Classifications 
2011	





Herbicide	
   Fungicide	
   Insec1cide	
  

Incorporated	
   Pre-­‐
Emergence	
   Contact	
   Systemic	
   Contact	
   Systemic	
   Contact	
  	
   Systemic	
   Liquid	
  

FerRlizer	
  

Turbo	
  
TeeJet	
  

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

Air	
  
InducRon	
  

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

Extended	
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  flat	
  
fan	
  

-­‐	
   -­‐	
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   Good	
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   Good	
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   Good+	
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   Good+	
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RWM	
  +	
  2%	
  AMS	
  
RWM	
  +	
  2%	
  AMS	
  +	
  Microemulsion	
  1	
  
%	
  less	
  than	
  105	
  microns	
  

Water	
  
RWM	
  +	
  1%	
  AMS	
  +	
  Polymer	
  

Volume	
  Median	
  Diameter	
  	
  	
  (VMD)	
  

RWM	
  +	
  2%	
  AMS	
  +	
  Microemulsion	
  2	
  

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	
  



A	
  Simple	
  SoluRon?	
  

•  Can	
  we	
  reduce	
  dri]	
  with	
  a	
  nozzle	
  or	
  adjuvant	
  
alone?	
  



XR11003	
  

	
  SoluRon	
  	
   	
  Pressure	
  	
   	
  DV0.5	
  (µm)	
  	
   %Vol<100	
  µm	
  

PM	
  

30	
  

210	
   e	
   12.0	
   a	
  
COC	
   235	
   c	
   4.0	
   e	
  
DRT	
   261	
   a	
   2.5	
   g	
  
MSO	
   246	
   b	
   2.9	
   f	
  
Si	
   205	
   f	
   11.7	
   b	
  
P1	
   261	
   a	
   7.3	
   d	
  
P2	
   228	
   d	
   8.3	
   c	
  
PM	
  

60	
  

167	
   e	
   21.6	
   a	
  
COC	
   189	
   c	
   12.6	
   e	
  
DRT	
   208	
   a	
   8.8	
   g	
  
MSO	
   202	
   b	
   9.7	
   f	
  
Si	
   165	
   e	
   20.9	
   b	
  
P1	
   187	
   c	
   18.1	
   d	
  
P2	
   174	
   d	
   19.5	
   c	
  



TT11003	
  

	
  SoluRon	
  	
   	
  Pressure	
  	
   	
  DV0.5	
  (µm)	
  	
   %Vol<100	
  µm	
  

PM	
  

30	
  

389	
   c	
   1.9	
   b	
  
COC	
   362	
   e	
   1.5	
   d	
  
DRT	
   332	
   g	
   2.1	
   a	
  
MSO	
   347	
   f	
   1.8	
   c	
  
Si	
   369	
   d	
   1.9	
   b	
  
P1	
   462	
   a	
   1.1	
   e	
  
P2	
   446	
   b	
   1.1	
   e	
  
PM	
  

60	
  

321	
   c	
   5.5	
   c	
  
COC	
   262	
   e	
   5.9	
   bc	
  
DRT	
   233	
   g	
   7.9	
   a	
  
MSO	
   250	
   f	
   6.0	
   bc	
  
Si	
   283	
   d	
   6.3	
   b	
  
P1	
   368	
   a	
   4.6	
   d	
  
P2	
   339	
   b	
   4.7	
   d	
  



TTI11003	
  
	
  SoluRon	
  	
   	
  Pressure	
  	
   	
  DV0.5	
  (µm)	
  	
   %Vol<100	
  µm	
  

PM	
  

30	
  

790	
   b	
   0.1	
   a	
  
COC	
   724	
   c	
   0.0	
   c	
  
DRT	
   667	
   e	
   0.1	
   b	
  
MSO	
   700	
   d	
   0.0	
   c	
  
Si	
   732	
   c	
   0.1	
   b	
  
P1	
   859	
   a	
   0.0	
   c	
  
P2	
   868	
   a	
   0.0	
   c	
  
PM	
  

60	
  

616	
   b	
   0.4	
   b	
  
COC	
   557	
   d	
   0.2	
   d	
  
DRT	
   502	
   f	
   0.5	
   a	
  
MSO	
   530	
   e	
   0.4	
   c	
  
Si	
   571	
   c	
   0.4	
   c	
  
P1	
   658	
   a	
   0.4	
   c	
  
P2	
   660	
   a	
   0.2	
   d	
  



Flat	
  Fan	
  Nozzle	
  



Air	
  InducRon	
  Nozzle	
  



Take	
  Home	
  Messages!	
  
ParRcle	
  dri]	
  can	
  be	
  influenced	
  by	
  formulaRon	
  

Nozzle	
  selecRon	
  has	
  the	
  greatest	
  influence	
  on	
  parRcle	
  size	
  

Adjuvants	
  can	
  reduce	
  dri]	
  potenRal,	
  but	
  must	
  be	
  tested	
  

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

Pay	
  aDenRon	
  to	
  sensiRve	
  vegetaRon	
  in	
  surrounding	
  areas	
  

Dri]	
  WILL	
  happen!	
  MiRgaRng	
  dri]	
  is	
  essenRal!	
  



QuesRons?	
  


