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Sprayer Calibration



Repeatable 

Accuracy
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Area Measurement
(Acres = Total Area ÷ 43,560)
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Product Applied

=

Target Area



Sprayer Control and Monitoring Systems



Factors That               

Control Calibration

• Flow

• Speed

• Width



GPA  x  MPH  x  Width (Nozzle Spacing)

5940

Flow

GPM =

Constant:  Acres

136.36 Constant: Thousand Square Feet

GPK



45 gpa  x  MPH  x  Width

Flow

GPM =

5940



0.682  x  Length of Run in Feet

Time in Seconds

Speed

MPH =



0.682  x  200 feet

Speed

MPH = 4

= 136.4

34.1 seconds



Distance Between Nozzles in Inches

Width

Nozzle Spacing =



Nozzle Spacing

Distance Between Nozzles in Inches

20”

Width
Spray Boom Application



45 gpa  x  4 mph  x  20”

Flow

GPM = 0.606 (per nozzle)

(82.64)

3,600

(136.36) 

5940

(45 gpa / 43.56 = 1.033 gpk)

=
(1.033 gpk)

Constant: Thousand Square Feet

Constant: Acre



Interpreting

Nozzle Charts



ISO Color

ISO

ISO

ISO

ISO

ISO



5940 x 0.606 GPM

4.0 MPH x 20” Nozzle Spacing

Gallons Per Acre

GPA = 45



ISO

ISO

ISO

ISO

ISO

ISO Color



Calibration 

Formulas



Nozzle Uniformity 

and 

Calibration Worksheet





Nozzle Uniformity Catch Test
To ensure a quantifiable sample size, utilize the “15/15 Rule” 

15 ounces per nozzle (minimum sample size) / 15 seconds per nozzle (minimum catch time)
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38.5

38

40

37.5

40

37

38

38

40

39.5

Turf Jet #6 40 psi

38.77

36.83 40.71

Total: 426.5 / 11 = 38.77

(0.6 gpm @ 40 psi) 

Today

(Volume Conversion)  NOZZLE  DECIMAL OUTPUT  X  128 =  ___________ OUNCES

NOZZLE  CATCH   TIME  IN  SECONDS = ___________

76.8

30



38.77 2,326.2
3,840

0.606
30

200
34.1 34.1

136.4 4.0

20

82.63
80

1.033

44.99

Target  GPA = 45

- 5% (45 x 0.95) = 42.75

+ 5% (45 x 1.05) = 47.25



Product Applied

=

Target Area
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Multiple Area Measurement

Tee

Fairway

Green

Tee:

(Rectangle) Length (l) 45’ x Width (w) 70’

Fairway:

(Triangle) Base (b) 110’ x Height (h) 45’

(Rectangle) Length (l) 900’ x Width (w) 150’ 

= 
Base (b) x Height (h)

2
Area

Area = Length x (l) x Width (w)

Area = Length x (l) x Width (w)

(3.14) x Diameter 2  (d)π       

4
Area =

Green: (Circle) Diameter (d) 120’

45’ x 70’ = 3,150 sq. ft. ÷ 43,560 = 0.07 Acres

110’ x 45’ ÷ 2 = 2,475 sq. ft. ÷ 43,560 = 0.06 Acres

900’ x 150’ = 135,000 sq. ft. ÷ 43,560 = 3.1 Acres

3.14 x 120’2 ÷ 4 = 11,304 sq. ft. ÷ 43,560 = 0.26 Acres

Total Sq. Ft. = 151,929 ÷ 43,560 = 3.5 Acres 
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Multiple Area Measurement

Tee

Fairway

Green

Target Area: 3.5 Acres

Application Rate: 45 GPA

Target Volume: 157.5 Gallons 



Proper

Nozzle Selection

Size and Type



4 X Pressure to Double Flow Rate



4 x Pressure to Double Flow

Nozzle Chart

128ozs =  1.00
Nozzle Chart

40psigo go

go

Formula represents the relationship between pressure and flow

Flow Doubled

256ozs =  2.00 X =

6.324

X

12.648

:

12.648

3.5562 = 12.6452
Pressure @ nozzle 

160psi



1.000 gal @   40 psi = 3.00 oz AI   % increase

1.083 gal @   50 psi = 3.25 oz AI       8.3%

1.167 gal @   60 psi = 3.50 oz AI     16.7%

1.250 gal @   70 psi = 3.75 oz AI     25.0%

1.333 gal @   80 psi = 4.00 oz AI     33.3%

1.417 gal @   90 psi = 4.25 oz AI     41.7%

1.500 gal @ 100 psi = 4.50 oz AI     50.0%

1.583 gal @ 110 psi = 4.75 oz AI     58.3%

1.667 gal @ 120 psi = 5.00 oz AI     66.7%

1.750 gal @ 130 psi = 5.25 oz AI     75.0%

1.833 gal @ 140 psi = 5.50 oz AI     83.3%

1.917 gal @ 150 psi = 5.75 oz AI     91.7%

2.000 gal @ 160 psi = 6.00 oz AI   100.0%

4 x Pressure to Double Flow (Active Ingredient)



4 x Pressure to Double Flow (Active Ingredient)

1.000 gal @   40 psi = 3.00 oz AI   % increase

1.042 gal @   45 psi = 3.13 oz AI     4.15%

1.083 gal @   50 psi = 3.25 oz AI       8.3%

1.167 gal @   60 psi = 3.50 oz AI     16.7%

1.250 gal @   70 psi = 3.75 oz AI     25.0%

1.333 gal @   80 psi = 4.00 oz AI     33.3%

1.417 gal @   90 psi = 4.25 oz AI     41.7%

1.500 gal @ 100 psi = 4.50 oz AI     50.0%

1.583 gal @ 110 psi = 4.75 oz AI     58.3%

1.667 gal @ 120 psi = 5.00 oz AI     66.7%

1.750 gal @ 130 psi = 5.25 oz AI     75.0%

1.833 gal @ 140 psi = 5.50 oz AI     83.3%

1.917 gal @ 150 psi = 5.75 oz AI     91.7%

2.000 gal @ 160 psi = 6.00 oz AI   100.0%



1-Gallon    

Per/Min Nozzle

4

15psi @ 20”h X 20”w

40psi @ 20”h X 20”w

23psi @ 20”h X 20”w

65psi @ 20”h X 20”w

3

1 2

4



Triple Turret Assembly 

Nozzle Anti-drip 

Check Valve



Nozzle Selection



• X  = 28’’

• W = 20’’

• Z  = (28-20)/20*100

• Z  = 40%

~ Width = ~ Height

w

z

x

H

Nozzle Overlap

80° Spray Angle = ? Percentage Overlap



Nozzle Overlap

• X  = 40’’

• W = 20’’

• Z  = (40-20)/20*100

• Z  = 100%

110° Spray Angle = ? Percentage Overlap

w

z

x

H

~ Width = ~ Height





Air Induction Spray Nozzles



• Originally developed for Toro, 
specifically for turf applications

• Available in stainless steel or in 
polymer (through Tee Jet)

• Direct replacement for Delavan 
Raindrop nozzles

• ¼’ NPT threaded inlet for easy 
and versatile installation

• Can mount at 45 or 90 degree 
giving greater nozzle body 
flexibility

TurfJet (TTJ) - Wide Angle Flat Spray Nozzles

Optional - from Tee Jet

Pressure Range: 25psi - 75psi



Turbo TurfJet Nozzle Pattern
20” Height / 20” Width

nozzle spray width: 76”

nozzle-to-nozzle overlap: 38”

280% Overlap



Mode of Action         

• Contact

• Systemic

• Penetrant 



Single-site (17) Multi-site (7)

Heritage Aliette

Accost Chipco 26019

Apron Chipco Signature

Banner Maxx Curalan

Bayleton Prodigy

Cavalier Prostar

Compass Touche

Eagle

Engage

Fungo 50

Patchwork

Revere

Rubigan

Subdue Maxx

Terrachlor

T-Methyl E-Pro

Turfcide

Turf Fungicides

Systemic Mode of Action



Nozzle Orifice Size

Cutting Droplet Size in Half

Results in Eight Times the Number of Droplets

500

Microns

250

Microns

250

Microns

250

Microns

250

Microns

250

Microns

250

Microns

250

Microns

250

Microns

=

+
Fills in the gaps



Driftable Fine







Tank Mixing 

Safeguards



• Emulsifiable Concentrates (EC or E)

• Soluble Powders (SP)

• Wettable Powders (WP)

• Flowables (F)

• Water Dispersible Granules (WDG or WG)

• Dusts (D), Baits (B), Granules (G), Pellets (P)

• Adjuvants (read pesticide label)

When mixing multiple chemicals together, always…

* Ensure chemicals are compatible (Product Label / Jar Test)

* Add multiple chemicals to tank mix in the specific sequence…

1-Wettable Powders, 2-Flowables, 3-Water Solubles,                                       

4-Adjuvants, 5-Emulsifiable Concentrates

Tank Mixing
Formulations and Mixing Order



• Read Product Label
– Review formulation compatibility statements 

• Jar Test
– Use a 1-quart clear glass jar and add 1-pint of clear water

• add 1-1/2 teaspoons for each pound per acre recommended     

of  the wettable powder

• followed by 1 teaspoon for each quart per acre recommended    

of the liquid pesticide

• shake the jar and let it stand for 2-3 minutes

• if pesticides are non-compatible;
– products may separate and form layers or a greasy film will  

form in the mixing container  

Note: In some cases a compatibility agent can be added to solve the 

problem

Pesticide Compatibility



Easy Method Sprayer Calibration
128th Acre Test

1. Fill spray tank with clean water.

2. Verify that spacing between nozzles is equal. (Record Inches)

3. Perform nozzle uniformity test.

4. Measure test course. (Use formula to determine course length)
(4080 / Nozzle Spacing in Inches = Test Course in Feet)

5. Drive the test course at your normal spraying speed and   

record travel time in seconds.

6. Park sprayer while maintaining the same engine RPM used     

to drive the test course.

7. Set pressure to be used while spraying.

8. Collect the output from one nozzle for the same amount           

of time it took to travel the course.

9. Each ounce collected equals a gallon per application rate.

(Example: 45 ounces collected equals 45 GPA application rate)  

e: 40 sec... 204 ft = 3.5 mph

e: 4080 / 20 in = 204 ft



Easy Method Sprayer Calibration

Nozzle Spacing - Test Course Chart

Nozzle Spacing
(Inches)

20
18
16
14
12
10

Test Course
Length (Feet)

204
227
255
291
340
408

4080 / Nozzle Spacing in Inches = 

Test Course Length in Feet



Toro Sprayer

Calibration Tool
http://www.toro.com/en-us/customer-support/pages/educational-technical-references/sprayer-calibration/spray-calibration.aspx

http://www.toro.com/en-us/customer-support/pages/educational-technical-references/sprayer-calibration/spray-calibration.aspx
../../../../../../Desktop/Toro Sprayers.LNK








Sprayer Systems 

and 

Components



MANUAL VALVE SPRAY SYSTEM
Fixed Speed w/ Centrifugal Pump

Plumbing Schematic



STANDARD ELECTRIC SPRAY SYSTEM
Fixed Speed w/ Centrifugal Pump

Plumbing Schematic



COMPUTER CONTROL SPRAY SYSTEM
Variable Speed within a Fixed Gear w/ Centrifugal Pump

Plumbing Schematic



COMPUTER CONTROL SPRAY SYSTEM
Hydrostatic Drive w/ Centrifugal Pump

Plumbing Schematic

Analog Rate Control Valve 

PUMP 



DIAPHRAGM 

PUMP 

PWM

Digital Rate Control Valve

DIAPHRAGM 

PUMP 

COMPUTER CONTROL SPRAY SYSTEM
Hydrostatic Drive w/ Diaphragm Pump

Plumbing Schematic



DIAPHRAGM PUMP SPRAY SYSTEM
Plumbing Schematic

High Pressure Relief Valve
(relief valve opens @ 220psi)



Pesticide obstruction located in pressure relief hose



DIAPHRAGM PUMP SPRAY SYSTEM
Plumbing Schematic

High Pressure Relief Valve
(relief valve opens @ 220psi)



DIAPHRAGM 

PUMP 

PWM

Digital Rate Control Valve

SIX CYLINDER 

DIAPHRAGM 

PUMP 

Toro MultiPro 5800 Spray System
w/ Six Diaphragm Pump

Plumbing Schematic



Pump On – Relief Valve Open

Toro MultiPro 5800 Spray System
Plumbing Schematic

High Pressure Relief Valve
(relief valve opens @ 220psi)



Flowmeter



Mysterious Pressure Increase 





Safety



! WARNING !

Chemicals previously 

used in your sprayer 

could be debilitating 

or even fatal

Don’t take chances!

Know what was last used 

and dress accordingly!



Pesticide 

Exposure



PERSONAL HEALTH AND SAFETY
ROUTES OF PESTICIDE EXPOSURE





• Convulsions

• Headache

• Dizziness

• Sweating

• Rashes

• Blisters

• Pinpoint Pupils

• Blurred Vision

• Salivation

• Rapid Heartbeat

• Vomiting

• Muscle Weakness

Symptoms of Pesticide 

Poisoning

Acute Toxicity



Symptoms of Pesticide 

Poisoning

Chronic Toxicity

• Small doses over a long period of time:
– Lack of Personal Safety Training

– Inadequate Personal Protective Equipment (PPE)

• Long-term Effects:
– Birth Defects

– Tumors

– Blood Disorders

– Nerve Disorders



Specimen 

Labels
(Pesticide Labels)













Personal Protective Equipment



Handling Concentrates











Properly Filling Spray Tanks

A water supply hose should never be 

placed directly into the spray tank when 

mixing and loading chemicals.  Water 

supply contamination may result in the 

event that back siphoning should occur.





Anti-Siphon Tank Fill 



Anti-Siphon Tank Fill 



MSDS

(Material Safety Data Sheet)















The Three “C’s”

• Control The Spill

• Contain The Spill

• Cleanup The Spill





Today

Insecticide (EC)

Toxic to fish & wildlife.  Apply ½” of water
when application is complete. Do NOT allow puddling or runoff.  Do Not store near heat or 
open flame.

May be fatal if swallowed, inhaled or absorbed through 
skin.  Do NOT breath vapors and avoid contact with eyes.  If swallowed do NOT induce 
vomiting.  If inhaled, get fresh air.  Flush eyes with water.  Wash skin with soap & water.

“WARNING” Statement

50 - 500

200 - 2,000

May be fatal if swallowed, inhaled or absorbed through skin.

Wash with plenty of soap and water.  Get medical attention.

Flush immediately with plenty of water. Get medical attention if irritation persists.

Remove victim to fresh air. If not breathing, give artificial respiration. 
Get medical attention.

Call physician or Poison Control Center immediately.  Do NOT induce       
vomiting unless instructed.  

Approved goggles or face shield for cleaning, mixing and loading.  

Long sleeved shirt and long pants. Shoes, plus socks.  Gloves and apron when
cleaning, mixing and loading.    

Dust / mist filtering respirator (MSHA/NIOSH approval # prefix TC-21C)    

Triple rinse container, 
puncture and dispose of  in a sanitary land fill, incinerate or burn. If a spill occurs, use absorbent 
material and properly discard. Do NOT store in or around the home. Do NOT store below 0° F.
Follow PPE manufacturer’s washing instructions. Keep and wash PPE separately from other laundry. 

Moderately Toxic   (Rat = 0.8875 mg/l air - 4 hour)



Cleanup



Triple  Rinse

• Containers

• Spray Tanks



Why  Triple  Rinse?

Dilution Ratio

• First Rinse     = 1:50

• Second Rinse = 1:250

• Third Rinse   = 1:125,000

Always fill container or spray tank                  

to one third capacity per rinse.



✓TRIPLE-RINSE

✓NEUTRALIZED
According to the recommendations

of the chemical manufacturer(s)

and…

Clean the OUTSIDE 

of the Sprayer to 

prevent erosion 

caused by chemical 

residue! 

Always!!!



Sprayer Winterization 
Triple rinse tank and entire spray system.

• Use recommended cleaner (detergent, ammonia or commercial tank cleaner) and  re-

circulate for 15 minutes.

• Operate spray booms long enough to ensure all nozzles and boom hoses are filled with 

cleaning solution. Let solution stand in system for several hours.

• Drain tank and refill with clean water. Re-circulate and spray out through nozzles until 

empty and repeat.

Service pump and other components requiring maintenance and repair.

• Remove filters, screens and nozzles. Clean and reinstall.

Winterize. Use 5 gallons of automotive antifreeze (50% water solution = 10 gallons), or 10 

gallons straight RV antifreeze (follow sprayer manufacturer’s recommendation).

• Note: Automotive antifreeze (ethylene glycol) must be captured from tank and spray 

nozzles, and properly disposed of. RV antifreeze (propylene glycol) is environmentally 

safe and can be sprayed directly onto the ground.

• Operate spray system; recirculate antifreeze within, and spray out nozzles. 

• Check nozzle output with antifreeze hydrometer / refractometer to ensure antifreeze 

protection is throughout the entire spray system.

• Disconnect pressure gauge hose (supply and gauge ends). Clean hose out, using 

compressed air. Leave disconnected while in winter storage. Reconnect prior to use.  

• Clean sprayers exterior with mild detergent solution. Repaint all chipped, cracked, and 

worn painted surfaces.



Questions

Questions

Questions



Thank You!

Jim Nedin Consulting Services

952-221-9177

jimwex2@gmail.com


