
Pesticide Applications the Drone Way
Advanced Crop Advisers Workshop | Fargo, ND | Feb 12, 2025

Rob Proulx, Agriculture Technology Systems Specialist, NDSU Extension

Devin Nohl, CEO - Customer Relations, Tenacity Ag



Devin’s 

experience: 

2020–Present



Spray Drones in 2025



Ag drones currently 
are in their infancy 
in the USA

As of June last year, drones have 

treated over 1 billion acres of land 

worldwide. 

There are currently over 300,000 

agriculture drones working worldwide.  

3.7 million acres sprayed by drone in 

2023 across 41 states and 50 crops



A little bit about me ● Grew up on farm in WC MN

● Bought my first drone in 2020

● It had 2.5 gal tank and 10 mph

● Sprayed about 150 acres in 2021

● Sold the custom spray business in 

2022 to go back to farming. 

● Now have a business Tenacity Ag 

doing sales and service of ag 

drones. 





1 day for 80 acres



Spraying Azera on Organic Carrots in 2021



Current Market 
Leaders in 
application drones 
in the USA



What’s the ND 

context?



Spray drones 

have arrived in 

ND…
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2024 acreage

MANNED UNMANNED

Fungicide
54%

Insecticide 19%Other 8%

Fertilizer 5%

Herbicide
14%

Herbicide
65%

Fungicide
14%

Insecticide
13%

Fertilizer 8%
Other <1%



ND MN

Unmanned aerial applicators 

(with FAA Part 137)

Licensed airmen (pilots) for 

unmanned application
unknown

Registered unmanned aircraft 

for aerial application

21

46

37

11

14

Most Recent Estimates, ND vs. MN

Sources: ND Aeronautics Commission, MN Department of Transportation



Legalities and 

Licensing



What are the 
legalities of large ag 
drones?  

We have a lawyer consultant for filing 

paperwork with the FAA, to help make 

it easier for our customers.  



Encourage clients to get 

licensed or hire a licensed 

applicator. ND Aeronautics 

Commission is a key 

partner.
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“If it flies and sprays…

…it comes our way!”
– Janell Pederson, Licensing Specialist



https://aero.nd.gov/
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Hard lessons 

& Use cases



Cleaning 
● Refill the Tank with soap water/tank cleaner

○ Engage all nozzles to drain and clean out remaining 

residues

● Refill the Tank with clean water and engage all nozzles to 

drain soap water within the spray system

● Can use power washer

○ don’t directly wash electrical components

● Use wet rag or brush to remove any stains and foreign 

objects

● Wipe and clean the propellers, motor housing, remote 

controller

● Use a damp microfiber cloth to clean the terrain module; 

ground radar & ground vision lens to ensure that the 

terrain module is clean and free of foreign debris

● Use a lens or microfiber cloth to wipe the perspective 

image camera and check whether it is functional through 

the XAG One App

Daily Post-Flight Clean must be conducted if 

the aircraft has been used for the application 

of agrichemicals



100 hours Maintenance 

Check main body Check Power Systems
Deformation or breakage

Fixing screws are loose, slipped, rusted or broken

Wires at the flight control are worn or broken

Abnormal noise or sticking

Three-phase wire wear and tear

Check the EV foam

Check the three-

phase wires and 

terminals of the ESC

Remove and observe the 

peristaltic pump tube 

blockage, aging, stiffness 

lubrication and damage



General Repairs
Replacement of propellers

Propeller repairs are most common

1.Don’t used imbalanced propellers 

2.Replace a set at a time, never a single









Applied 

research on 

efficacy



Spray drones can 

achieve similar 

efficacy to ground 

spraying…



An Enlist, Roundup and Anthem Maxx tank mix applied to 

soybean in Missouri1 achieved 68 to 75% waterhemp control 

with similar results between a drone sprayer (3 gpa AV) and a 

ground sprayer (15 to 20 gpa AV). In Georgia2, fungicide applied 

by spray drone at 5 gpa AV and ground sprayer at 15 gpa AV 

achieved equivalent leaf spot suppression in peanut, with no 

detectable difference in yield. White mold suppression achieved 

through a fungicide application to soybean in Ontario3 was 

similar for a spray drone at 5 gpa AV and a ground sprayer at 16 

gpa AV.
1 Thompson, T., Barlow, H., Coe, G., Rogers, G., Knerr, D., & Bradley, K. W. (2024). Field Evaluation of the DJI Agras T40 UAV 

for the Application of Herbicides in Soybean. Mizzou Crop & Pest News. 

https://weedscience.missouri.edu/slideshows/uavs_2024.pdf

https://weedscience.missouri.edu/slideshows/uavs_2024.pdf
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Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide Applications 

with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on Precision 

Agriculture. International Conference on Precision Agriculture, Manhattan, KS.
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Seeding with drones





Calibrating 

for Success



Calibrate to 

determine effective 

swath width…
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Tendering and 

Loading for 

Success



















Being Productive

vs.

Being Productive & 

Successful



At parameters 

necessary to optimize 

efficacy, productivity 

may be much lower

than advertised





Consumption rate: 15 L/ha

Spray width: 11 m

Flight speed: 7 m/s

Flight altitude: 3 m

52.6
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Consumption rate: 15 L/ha

Spray width: 11 m

1.6 gal/ac

3 to 5 gal/ac?

5.5 to 8 m?

52.6
acre



Contact 

herbicide 

successes







Liberty, Glyphosate, AMS





HOW CAN 

THIS 

WORK???
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-27%

-73%

Deposit density, combined with a 

more highly concentrated active 

ingredient (3x), were sufficient in 

this case to provide suitable 

fungicide efficacy.
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ASABE Annual International Meeting, 28-31 July, 2024, Anaheim, CA



Conclusions
• Using a low water volume (i.e. at drone rate) can increase the risk of 

incompatibility between pesticide partners

• Complex formulations like OD, SC, and SE may result in considerable 

residue buildup along nozzle screens, while simpler formulations like EC 

and SL showed acceptable sprayability at drone rates

• Droplet spreading was not different for most of the formulations 

evaluated, especially herbicides and insecticides. However, some of the 

fungicides showed higher spreading at drone use rate.

• A wetter/spreader may be recommended for contact chemistries (e.g., 

fungicides) to compensate for low coverage pertinent to drone spraying
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Conclusions
• Using a low water volume (i.e. at drone rate) can increase the risk of 

incompatibility between pesticide partners

• Complex formulations like OD, SC, and SE may result in considerable 

residue buildup along nozzle screens, while simpler formulations like EC 

and SL showed acceptable sprayability at drone rates

• Droplet spreading was not different for most of the formulations 

evaluated, especially herbicides and insecticides. However, some of the 

fungicides showed higher spreading at drone use rate.

• A wetter/spreader may be recommended for contact chemistries (e.g., 

fungicides) to compensate for low coverage pertinent to drone spraying
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Extra Slides



Operational 

Details



We will now walk 
through a typical 
spraying operation 
with an XAG drone



Operation Preparation

1.Evaluate/plan mission

2.Prepare equipment & products 

3.Transport & setup

4.Pre-flight checklist

5.Execute mission 

6.Pack & transport

7.Records/logs

Steps

There’s more to it than just the drone...



Evaluate/plan mission
• Site evaluation

o Map ahead?

o Obstacles / Power / roads

o Topography

• Weather

o Check NOAA/weather.gov

• Product evaluation

o Logistics

o Label considerations

o Special requirements

• FAA/Legal considerations

o Airspace 

o Events

o NOTAMS

https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06754ad

https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06754ad


Route Operation / Planning



Always scout the field

Never rely on the 

sensors

Request flight authorization if necessary

Scout a safe spot for the drone to land & 

and take off (stay away from road, ditches, 

powerlines, and trees if possible)

Know your environmental & operational limitations

Mission

Prep



Setting up

a Mission

Method 1: Field Mapping using XAG

One app

Method 2: Field Mapping by adding 

boundary points from

drone or controller

Method 3: Field Mapping using

mapping drone & software



Prepare equipment & products
• Charge

o Remote(s)

o Smart device(s)

o Drone batteries

• Inspect/calibrate/update equipment

• Transport vehicle/trailer

• Power system

• Load

o Drones & batteries

o Mapping drone/SD cards/laptop/cords

o Product/water/etc

o Fuel

o Tools & spare parts

o Drinking water/fan/first aid/PPE



Transport & setup
1.Travel to site

2.Set up in safe area, consider field size/shape 

3.Map boundary/obstacles (if needed) 

4.Inspect/verify site 

5.Deploy P100 Pro:

a.Take out aircraft, place in open area

b.Unbuckle remove foam top

c.Open arm latches/unbuckle straps

d.Fold out arms & secure latches 

e.Fold out propellers

f. Deploy spray arms (if needed)

g.Insert batteries

6.Prepare product & load P100 Pro

7.Power on devices & setup misison



Pre-flight checklist

1.Propellers (free from cracks/breakage) 

2.Propeller bushings (secure flap hinge/wiggle blade)

3.Motors (turn, listen)

4.Arm clamps fully engaged

5.Arms (wiggle, check for lose clamps)

6.Ensure RevoSpray/RevoCast latched & plugged

7.Spray arms/discs or Spreader system

8.Batteries fully latched

9.GNSS antennas & GPS/VRTK/RTK enabled

10.Final check approach route & mission settings

11.Clear the area



Execute mission

1.Communicate with team!

a.Deviations of plan

b.Aircraft issues

c.Take off/landing callouts

2.Maintain line of sight 

3.Charge batteries / product mixing 

4.Watch for manned aircraft

5.Keep spectators/visitors in safe area



Pack & transport

• Record keeping

• Clean & discharge spray/spreading tank

• Shut down P100 Pro / ARC3 Pro

• Rinse aircraft (if chemical)

• Fold up P100 Pro

• Manage remaining products

• Load trailer/vehicle

• Secure batteries/P100 Pro/products

• Travel home or next mission



Applied 

research on 

efficacy



An Enlist, Roundup and Anthem Maxx tank mix applied to 

soybean in Missouri1 achieved 68 to 75% waterhemp control 

with similar results between a drone sprayer (3 gpa AV) and a 

ground sprayer (15 to 20 gpa AV). In Georgia2, fungicide applied 

by spray drone at 5 gpa AV and ground sprayer at 15 gpa AV 

achieved equivalent leaf spot suppression in peanut, with no 

detectable difference in yield. White mold suppression achieved 

through a fungicide application to soybean in Ontario3 was 

similar for a spray drone at 5 gpa AV and a ground sprayer at 16 

gpa AV.
2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.



2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.



2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.



2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.



2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.



2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.
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Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.
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Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.
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2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.
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2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.
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2 Virk, S., Byers, C., Meena, R., Kichler, J., & Kemerait, B. (2024, July 21). Spray Deposition and Efficacy of Pesticide 

Applications with Spray Drones in Row Crops in the Southeastern US. Proceedings of the 16th International Conference on 

Precision Agriculture. International Conference on Precision Agriculture, Manhattan, KS.

15 gpa

5 gpa



ASABE 

Formulations 

Poster



ASABE Annual International Meeting, 28-31 July, 2024, Anaheim, CA



Conclusions
• Using a low water volume (i.e. at drone rate) can increase the risk of 

incompatibility between pesticide partners

• Complex formulations like OD, SC, and SE may result in considerable 

residue buildup along nozzle screens, while simpler formulations like EC 

and SL showed acceptable sprayability at drone rates

• Droplet spreading was not different for most of the formulations 

evaluated, especially herbicides and insecticides. However, some of the 

fungicides showed higher spreading at drone use rate.

• A wetter/spreader may be recommended for contact chemistries (e.g., 

fungicides) to compensate for low coverage pertinent to drone spraying
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Fungicide F1 EC 3.5 L/ha Herbicide H2 WDG 70.0 g/ha

0.25% 31.40% 37.60% 9.75% 100% 100%

0.04% 0.20% 0.66% 0.03% 0.01% 0.15%
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