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Foliar Spray Application – most common method of 

delivery in modern crop production



Current spray practices have very 

low efficiency and require a 

complicated calibration process to 

determine the amount of chemicals 

to be used. 



GPA – gallons/acre 

Q –total flow rate (gallon/min)

D – spray width by each run (ft)

V – travel speed (mph)

N – number of nozzles

Calibration for 

conventional 

sprayers

GPA = 
43,560 Q

88 D V

Q = N x q

Q = q1 + q2 + … + qN

If nozzles are different:

If nozzles are same:

Flowrate Travel speed



Laser-guided intelligent sprayer technology

An advanced and 

affordable spray system 

that avoids the orchard 

sprayer calibration and 

minimizes human 

involvements in spray 

volume decisions



Use individual tree foliage volume to control spray outputs 

of each nozzle instead of traditional gallons per acre

270° radial, 

90-ft range

Convert point-to-

point distances to 

surface structures

43,200 points/s

Each nozzle output is controlled by 

individual canopy foliage volume with 

10Hz PWM valve:



Universal control system as a retrofit on sprayers 



Attach a PWM 

solenoid valve to 

the nozzle body

Original nozzle disc



Conventional mode (45 gpa) Automatic mode

Spray trials in an apple orchard

Total spray volume used for the test row

Conventional application:  3.3 gallon

Automatic application: 2.1 gallon
36% reduction



Smart Guided Systems commercialized the intelligent 

spray control system (https://www.smartguided.com/) 

John Deere sells 

the product 

through dealer 

network.



Specialty crop growers have upgraded their standard 

sprayers with the commercial spray system since 2019. 

Crops:

Apples

Grapes

Citrus

Berries

Cherries

Hazel nuts

Hops

Pistachios

Almonds

Walnuts

Pecans

Nurseries (trees and shrubs)

Countries:

USA

Australia

Canada

Chile

Denmark

India

Mexico

New Zealand

South Africa 

Switzerland



1. increased spray deposition uniformity

2. minimized off-target losses (up to 87% 

reduction in airborne spray drift, up to 93% 

reduction in spray loss on the ground),

3. reduced pesticide use by up to 70%,

4. annual chemical savings by $50-$980 per acre.

Compared to conventional sprayers with 

comparable controls of insects and diseases, 

the intelligent sprayers:



Dr. Mark Gleason leads investigations of intelligent sprayers 

to apply pesticides in apple orchards for IPM programs

https://www.smartap

plespray.plantpath.ia

state.edu/



(FIFRA)

Label Rate Discussion



By New York State:

By Washington State:



Different tree sizes (1 – 3 m tall), species, and travel speeds 

on both sides

Questions?Thank You!

For additional information, please contact Dr. Heping Zhu at HEPING.ZHU@USDA.GOV.


