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“The nozzle is the spearhead of IPM.”
-Franz Niederholzer, UCCE Farm Advisor

http://fabyus.deviantart.com/art/odin-s-spear-213100153
https://creativecommons.org/licenses/by-nc-nd/3.0/


Optimizing coverage: Is it Resistance or Something 
Else? 

L.R. Wunderlich
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What is calibration?
“the act of 

selecting,
establishing,

maintaining, and 
verifying

sprayer operation parameters which result in a 
known, desired and 

uniform 
application rate of spray material”.
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This fundamental 
relationship works 
for all sprayers!

GPA = Flow rate (gal/min)
Land rate (ac/min)

Basic spray formula:
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GPA (gal/acre) =         Flow rate-GPM (gal/min)
Land rate (ac/min)
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How to use the basic calibration formula for spraying

But what is “Land rate?”



Land Rate: AREA covered in time

• not just tractor speed
•Area covered per unit time 
(ft.²/min)

•Speed (ft/min) x Swath width (ft.) 
•Convert ft.²/min to acres/min

Question: Which swath to measure?
Answer: It depends…
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Swath width for vines is typically the row 
spacing width.

This can be easily measured with a tape. Distances of 5-10 
feet are common swath widths for air assisted applications.



Measuring speed To measure speed:

Tank should be about ½ full.

Terrain should be typical for the 
spray job.

Measure time (convert to feet per 
minute) to travel at least 100 feet.

Note tractor gear and RPM.

Time multiple runs and take an 
average.
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How do we determine how fast to go?
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Sprayers101.com



GPA (gal/acre) =         Flow rate-GPM (gal/min)
Land rate (ac/min)
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How to use the basic calibration formula for spraying
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Disc-Core set up.  
2 Nozzle choices combine for one flow rate.

Core or “spinner plate”

Liquid speeds up as exits (it doesn’t really spin).

Disc
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What does the nozzle contribute to our spray 
application?

1. FLOW RATE: Volume/Time (Gallons/Min)
Nozzle flow rate is directly proportional to application rate (Gallons/acre)

Want a larger spray volume? Increase the flow rate by either:
Increase nozzle size  (Larger droplets*)

Increase pressure (Smaller droplets)

2. DROPLET SIZE (COVERAGE/DRIFT)

* Except for VENTURI sprayers, where droplets are always fine.
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www.teejet.com

Use the 
manufacturer’s 
catalog to see 
flow rates at a 
given pressure.



Pressure gauge: an 
essential component

•Make sure it is operating 
properly and is maintained, is 
easy to read, and has a range 
that makes sense for the 
sprayer. 



Teejet.com



Fill tank to a verifiable spot

Bring up to RPM, spray 
out while noting 
pressure and time

Refill noting volume

OR refill with 
flowmeter

OR use fancy gadgets
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Pneumatic sprayer, i.e. 
Low volume Venturi.
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GPA (gal/acre) =         Flow rate-GPM (gal/min)
Land rate (ac/min)
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How to use the basic calibration formula for spraying



Flow rate and land rate are the variables you need to 
check, no matter what formula or sprayer you use.

GPA= Flow rate (gal/min) =   GPM
Land rate (ac/min)        Speed * swath width

GPM=GPA* Miles/Hour * swath width (feet)
495
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First and Final Step: READ and FOLLOW the LABEL. The 
label specifies the amount of pesticide, typically “per acre”

For this example, the label 
recommended rate in grapes is no 
more than 24 oz./acre per growing 
season to control mealybugs. This 
label also states that good coverage 
is essential and to use higher 
volumes under adverse conditions or 
with dense canopies.



How much pesticide in the tank?  Determine how many 
acres your tank can spray at your calibrated rate.

In our example, say it is a 400 gallon tank.
The label for the spray job will provide a rate per acre, in our 
example we choose 12 oz. per acre.
We calibrate our sprayer to deliver 118 gallons per acre. 

Number of acres per tank: 400 gallon tank/118 gallons per acre= 
3.4 acres can be sprayed with a full tank at this calibration.

Amount of pesticide per tank: 3.4 acres * 12 oz. per acre= 
41 ounces of pesticide per tank in this example.



Check for coverage to determine if 
your application rate is correct.



Water 
sensitive 
paper is one 
way  to check 
for coverage
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Kaolin Clay



Visual check for coverage
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What does the nozzle contribute to our spray 
application?

1. FLOW RATE: Volume/Time (Gallons/Min)
Nozzle flow rate is directly proportional to application rate (Gallons/acre)

Want a larger spray volume? Increase the flow rate by either:
Increase nozzle size  (Larger droplets*)

Increase pressure (Smaller droplets)

2. DROPLET SIZE (COVERAGE/DRIFT)

* Except for VENTURI sprayers, where droplets are always fine.

U.C. Grape Short Course Feb. 2019      L.R. Wunderlich



Hydraulic 
nozzles produce 

a range of 
droplet sizes.

L.R. Wunderlich

TeeJet.com



Droplet size is measured in MICRONS (um). 

1 um is about 39 millionths of an inch

“VMD 0.5” is Volume Median Diameter.  Half of the droplets are larger, half 

are smaller. Other measurements include:

DV 0.1 = 10% drops are smaller. Indicates 

drift potential.  A larger DV 0.1 value 

indicates fewer driftable droplets.

DV 0.9= 90% of drops are smaller. If this 

number is large, too much of spray volume 

is taken up by large droplets.  May not 

provide best coverage.

“Relative Span”: range of droplet sizes. 

(DV0.9-DV0.1)

VMD 0.5



Droplet size classification made easy: American Society of Agricultural and 
Biological Engineers (ASABE) color codes for droplet size. 
Beware: these colors are not necessarily used for the nozzle itself, but refer to the manufacturer’s 

nozzle chart indicating droplet size and related to pressure.







This chart tells you something about spray “Quality” 
(DROPLET SIZE) TeeJet Catalog



CONSIDER DRIFT THE OPPOSITE OF 
COVERAGE: DROPLET SIZE MATTERS!



L.R. Wunderlich

Larger droplets are less likely to become entrained in 
air flow streamlines around the target.



Selecting an air-assisted sprayer for your vineyard.



Flow from tank

Suction 
strainer

To pump

Diaphragm 
pump

To pressure 
regulator

Fan Gear 
Box

Direct power 
drive from PTO to 
fan gear box.



Vine age, variety and r.s., health, site capacity and management affect canopy size.
Sprayer should be matched to the canopy.  

Some adjustments can be made on some sprayers.
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We see, generally, three types of sprayers working in 
vineyards.  

Each has its fit. 
Each spray job is unique.

Canopy changes during the season.
Block to block changes. 
Target pest.
Tank mix.
Weather that day, time.
Machine and set up.
People.

Match the machine to the job as best as possible.  
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Airblast.
Axial fan (high volume)
High pressure
Disc-core or single piece (i.e. 
conejet) nozzles

Option: tower, mini-tower or 
“Trellis” modification



Low volume Venturi.
Centrifugal fan (lower volume, high 
speed)
Low pressure
Air-shear nozzle: dial a rate and 
outlet body

Option: over the row



Multi-function 
self propelled.

Harvesters 
fitted with 
attachments to 
increase their 
utility 
(spraying, 
thinning, 
pruning, etc.).

Can have either 
nozzle.



From Pellenc’s website



What is the job of the fan?
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What is the job of the 
fan?

Fan Essential 
Functions:

Transport droplets to 
target.

Perturb canopy to 
increase penetration.

Improve deposition. 
Put air in motion so 
Force of Drag (friction 
again ambient air) 
works with us to move 
droplets to target.

Air-Shear: atomize 
droplets.

Costs/Potential problems:

Need POWER to move the 
fan.  ($$)

Air of fan will also be 
acted upon by Force of 
Drag-so velocity needs to 
be high at exit point.

Air of fan is diluted by 
ambient air (do the 
droplets reach the target?)

Can blast the droplets 
right through the canopy.FRIEND FOE
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Fan types:
1. Axial

HIGH air volume produced
Low air speed
Low air pressure
Turbulent air moves canopy: spray penetration
Some axial fans have adjustable blade angles (‘pitch’).

2. Centrifugal
LOW air volume produced
High air speed
High air pressure

Typically has hoses attached to direct and localize air.



Most important 
consideration: 
site specific 
CROP size

Rears Manufacturing Pul-blast 
literature



Source: Hardi Australia Mistblowing Technique



From: Andrew Weeks and Adam Pietsch, CCW Co-operative Limited. 2011. Vineyard Spraying Principles

32 mph!!

3.9 mph 1.4 mph

AIR volume needs to be considered in the context of the sprayer, the crop canopy AND the tractor 
speed.

There can be either too little or too much air-other adjustments may be necessary!

6,059 ft.³/min22.4 in.

2.4 ft. * 3.25 ft. 5 ft. * 5 ft.

35.4 in
50,302 ft.³/min 11.8



Credit: Jason S.T. Deveau - Application Technology Specialist/OMAFRA

SLOWER air can be desirable: better coverage on the 
“backside”.



What can we do to control fan 
speed? 

Adjust fan gearbox
Lower tractor RPM’s 

(Gear up, Throttle down)

UC Grape Short Course   Feb. 2019     L.R. Wunderlich



Early season sprays are a good time to look at 
using  larger droplets, less fan.

L.R. Wunderlich



Use the following to determine pump capacity:
Boom Requirements (gpm) +

Pump Agitation Requirements (gpm) +
Capacity = Self Cleaning Strainers (gpm) + x 1.2
(gpm) Other Accessories (gpm) +

1 (gpm)

Where:
Boom Requirements (gpm) = Number of nozzles x flow discharge per nozzle (gpm).
Agitation Requirements (gpm) = Use guidelines given
Self Cleaning Strainer (gpm) = Extra flow needed to clean strainer,
1 (gpm) = Extra flow to assure proper operation of the by-pass valve, and
1.2 = 20% extra capacity for pump wear.

From Grisso et.al. “Plumbing systems of agricultural sprayers”.  Virginia Cooperative Extension Publication 442-452 

PUMPS: Typically Diaphragm or Piston (Positive displacement) or 
Centrifugal (Non-positive displacement).  Make sure it can do your job!



Handle “junk” well (wettable powders)
HIGH flow rates
Hydraulic agitation
Generally operate at lower pressures (under 50 psi)
Use throttling valve to regulate-not pressure relief valve
Flow rates drop off with higher pressure
Need positive pressure to prime-at “bottom” of sprayer 
Operate at high speeds-belts and pulleys, speed up gears
Cheaper? Easier to maintain?





10/28/20

Cleaning the sprayer:

üIncreases sprayer 
life

üReduces chance of 
cross-contamination 
of pesticides and 
crop injury

üImproves spray 
quality (obviously!)



“Positive Displacement” Pump 
(also piston, roller): flow output 
proportional to speed and 
independent of pressure.

High pressure capability
Good priming characteristics
Pressure relief valve
Pulse dampener
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No matter what sprayer you choose, if you don’t make adjustments 
to match the target and conditions, it won’t work well.



Spray Application Pest Management Alliance: 
Bringing Calibration Trainings to 
Northern California Applicators


