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Machine is managing all 

(100%) functions to 

complete a task, with full 

situational awareness 

and safeguards itself 

through obstacle 

detection and can 

manage various 

environmental conditions 

or situations.

Machine is managing all 

(<100%) functions to 

complete a task, with 

partial situational 

awareness, and can 

safeguard (or stop) itself 

through obstacle 

detection alerting the 

operator to manage 

various environmental 

conditions or situations.

Machine is managing 

specific functions to 

complete a task and 

supports situational 

awareness through 

obstacle detection and 

alerting the operator.

Machine is managing 

the majority (>50%) of 

functions.

Machine is managing 

some (<50%) functions.

Machine serves as a 

mechanical device for 

completing a task.

Role of the 

Machine

Operator supervision is 

not necessary for 

completion of a task.

Operator is passively 

supervising the machine 

for situational awareness 

and acting as necessary 

for completion of a task 

or troubleshooting.

Operator is responsible 

for situational awareness 

and safeguarding the 

machine, is actively 

supervising all functions, 

and is required for 

initiation and completion 

of a task.

Operator is solely 

responsible for 

situational awareness 

and safeguarding the 

machine and is 

managing some (<50%) 

functions with oversight 

of all functions on the 

machine.

Operator is solely 

responsible for situational 

awareness and 

safeguarding the 

machine and is 

managing the majority 

(>50%) of functions.

Operator is solely 

responsible for 

situational awareness 

and safeguarding the 

machine and is in 

operation of all (100%) 

functions.

Role of the 

Operator

Machine is capable of 

completing the assigned 

task, with no operator

input, with confidence it 

will do the job due to a 

redundancy of systems.

Machine is monitoring 

environment and defaults 

or escalates to operator

(physically or remotely) 

for decision making 

when encountering 

obstacles or outside of 

its capabilities (obstacle

detection).

Machine is completing 

tasks independently, with 

an operator (physically or 

remotely) monitoring

the environment and 

providing oversight of 

machine’s decision-

making.

Machine has multiple 

automated functions 

operating as a singular

system to make real-time 

adjustments to complete 

a task with an operator

operating the machine.

Machine may have 

multiple automated 

functions to assist with

task completion, but each 

operates independently 

from one another with

an operator operating the 

machine.

Machine has no 

automated functions

and requires an 

operator to complete

all functions and tasks.

Industry Use 

Case
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Executive Summary

The Benefits of Precision Ag in the United States study quantifies the 

on-farm efficiencies that farmers have seen and can still achieve 

through the use of precision agriculture technologies.

Today’s precision ag technology on equipment can have an 

enormous positive impact on farmers and the environment, 

ultimately enhancing productivity through more efficient use of 

critical inputs, such as land, water, fuel, fertilizer, and herbicides. In 

short, farmers who use precision ag equipment use less to grow 

more.

The study’s findings show that, with increased adoption of precision 

ag technologies, the following notable and impactful benefits can be 

achieved:

• Widespread use of resource-efficient production practices that 

positively impact producers’ bottom line

• Improved societal outcomes

• Long-term soil and water stewardship



4

Precision Ag 

Technology
Definition

How Environmental 

Benefit is Achieved

Technologies 

Analyzed

Auto 
Guidance

Auto-steer uses GPS signals to automatically 
control the tractor in seeding, spraying, fertilizer 
application and harvesting

– Reduced overlap of farming 
operations leads to fuel savings

– Avoided skips for field passes with 
tillage, planters, sprayers, and 
harvesters

– Auto Steering

Machine 
Section Control

Machine section control technology automatically 
turns planter, fertilizer or sprayer sections on or 
off in rows that have been previously been 
seeded or sprayed, or at headland turns, point 
rows and waterways

– Optimized placement of seed / 
fertilizer / pesticides. 

– Optimized down pressure + depth 
control to gain machine + fuel 
efficiencies

– Tillage drag / depth control
– Planting row, depth, down 

pressure control
– Fertilizer row control
– Spraying row control

Variable Rate

Variable rate technology uses sensors or 
preprogrammed maps to determine seeding, 
fertilizer, and/or pesticide application rates. 
Technologies include variable rate controllers, 
GPS, yield monitors, crop and soil sensors

– Optimized rate of seed / fertilizer / 
pesticides applications

– Variable rate planting
– Variable rate fertilization
– Variable rate spraying*

Fleet Analytics 
& Telematics

Real time monitoring of equipment, providing 
information like GPS location, equipment idling, 
traffic control and route suggestions

– Improved fuel efficiency from 
machine optimization

– Fleet analytics
– Telematics

Precision 
Irrigation*

Ability to switch on/off apply and different 
amounts of water to different areas of the field

– Improved water use efficiency
– Sensor-driven center pivots
– Lower energy precision 

application

Five key precision agriculture technologies were identified as focus areas for this 
study

Note: Variable rate spray does not include targeted spray application technology*This report focused on center pivots
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Precision agriculture technology is built on a foundation of enabling 
technologies

Precision Ag Technology

Enabling Technologies Precision Ag Technologies

Variable Rate 

Application

Fleet Analytics 

& Telematics

Precision Irrigation

Machine Section 

Control

Auto 

Guidance– Remote sensing

– GPS tracking

– Yield monitors

– Satellite imagery

– Sensors

– Cloud storage

– AI/ML analytics

– Edge computing

– 5G connectivity

Field level enablers Digital enablers
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Precision agriculture has boosted annual crop production by 5%, with potential for 
an additional 6% gain through wider adoption

Access to rural broadband, improved financing, and demonstrating ROI will help accelerate

precision agriculture adoption on U.S. farms driving higher yields and increasing farm incomes

0.9

1.1

1.3

1.5

1.7

1.9

2.1

2000 2005 2010 2015 2020 2025 2030 2035

Production Levels Realized benefits Un-realized benefits

5% less water used

7% less fuel used

8% optimization of fertilizer use

9% optimization of herbicide use

Today, this has been achieved with…

20% less water used

7% less fuel used

14% optimization of fertilizer use 

12% optimization of herbicide use

In the future, this could be achieved with… 

Current 

production levels

1.6 trillion pounds*

Production benefit 

realized from use 

of precision ag 

technologies

5%

Unrealized benefit from 

precision agriculture due 

to lack of adoption 6%

*Pounds of corn, soybeans, cotton, peanuts, wheat, sorghum, tubers, sugarbeets, hay, and alfalfa combined
Note: Reduction in herbicide use does not include targeted spray technology

H2O

H2O

Source: Kearney Analysis based on USDA NASS, USDA ERS, Purdue Precision Ag Dealership Survey, Iowa State University, 

North Dakota State University, South Dakota University, The Ohio State University, University of California (Davis), University 

of Illinois, University of Kentucky 
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Precision Technologies 
Analyzed

Productivity has increased an estimated 5% as a result of current P.A. adoption, 
and has the potential to further increase 6% with broader P.A. adoption

Cultivating an estimated 11.4 million acres of cropland was avoided 

due to more efficient use of existing land. This is an area equivalent to 5 
Yellowstone National Parks.

Auto Guidance

Variable Rate

Section Control

Increased productivity 
In billion pounds*

Yield increase 
from no P.A. 

use

Yield increase 
from current 

adoption of P.A.

*Production of each crop in scope were normalized for the purposes of aggregation and comparison

Each 1,000 acres of row crops farmed generates an 
additional ~$66,000 a year in revenue from yield benefits 

due to precision ag

1,540B

Estimated production levels 
without the use of P.A.

1,610B

Estimated production levels 
at current adoption of P.A.

1,710B

Estimated production levels 
at near-full adoption of P.A.

+70B
(+5%)

+100B
(+6%)
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Precision Technologies 
Analyzed

An estimated 8% additional fertilizer would be needed to produce the same amount of food 
without current P.A. practices, and with broader P.A. adoption there is the potential for an 
additional 14% less fertilizer than used today

The application of an estimated 4 billion pounds of fertilizer 
was avoided due to adoption of P.A. technologies. With an estimated 

7 billion pounds of additional fertilizer that could be avoided 
with broader adoption. 

Auto Guidance

Variable Rate

Section Control

*Materials pounds of fertilizer, not nutrient pounds

51B

Estimated fertilizer use 
without the use of P.A.

47B

Estimated fertilizer use
 at current adoption of P.A.

40B

Estimated fertilizer use 
at near-full adoption of P.A.

-4B
(-8%) -7B

(-14%)

Fertilizer Optimization
In billion pounds*

Decrease 
fertilizer use 
from no P.A. 

use

Decrease 
fertilizer use 
from current 

levels

Each 1,000 acres of row crops farmed avoids 
as much as ~$20,000 a year in additional 
fertilizer expenses through precision ag
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From Broadcast to 
Targeted: 
The Future of 
Herbicide 
Application 
Methods is Here 
and Emerging

Traditional (Broadcast) Variable-Rate
Targeted Spray 

Application1

Granularity
Entire Field

constant, uniform rate

Entire Field 

rate changes by zone / section / 

nozzle

Plant by Plant

spray turns on where weeds are 

detected

Objective Simple, full coverage Optimize rate to field zones Precise weed-level targeting

Data Requirements
Low

field maps & basic rates

Moderate

prescription maps & sensors

High

real-time vision/sensor detection

Limitations
Potential for higher rates of 

application4

Potential for higher rates of 

application

dependent on map/sensor quality

Operational sensitivity

Complex technology affected by 

lighting, speed, model accuracy, 

and optics maintenance 

Savings Potential2
Baseline Moderate 

depends on rate variability

High

~50 – 90% savings in studies

2025 Est. Adoption3 90%+ 5% ~1%

Types of 

Herbicide 

Application 

Methods

1Detailed analysis of targeted spray application in subsequent slides
2savings potential dependent on a number of factors; including weed pressure 
3varies by crop, location, and application timing window
4this application is generally needed for burndown of cover crops used for conservation efforts

Source: Kearney Analysis
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Precision Technologies 
Analyzed

An estimated 9% of herbicide was avoided as a result of current P.A. application practices, 
and there is the potential for an additional 12% with broader P.A. adoption

The application of an estimated 54 million pounds of herbicide 
was avoided due to adoption of P.A. technologies. With an estimated 

66 million pounds of additional herbicide that could be avoided 
with broader adoption. 

Auto Guidance

Variable Rate

Section Control

579M

Estimated herbicide use 
without the use of P.A.

525M

Estimated herbicide use
 at current adoption of P.A.

459M

Estimated herbicide use 
at near-full adoption of P.A.

-54M
(-9%) -66M

(-12%)

Herbicide Optimization
Million pounds of active ingredient*

Decrease 
herbicide use 
from no P.A. 

use

Decrease 
herbicide use 
from current 

levels

*Note: Reduction in herbicide use does not include targeted spray technology

Each 1,000 acres of row crops farmed 
avoids  ~$12,000 a year in additional 

herbicide expenses through precision ag
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At a national level, 
near-full adoption 
of targeted spray 
application could 
result in a 55% 
annual reduction 
in applied 
herbicide volumes

550

470

370

240

-15% -33% -55%

Adoption Assessment: Overall Reduction in Applied Herbicide Volume at 

Varying Levels of Targeted Spray Application Adoption

In million pounds of herbicide active ingredient applied

Current 25% acres adopting

targeted spray 

application

50% acres adopting

targeted spray 

application

90% acres adopting

targeted spray 

application

Burndown

Pre Emergence

Post Emergence

At near-full adoption, targeted spray application will reduce 
nationally applied herbicide volumes by 55% annually, enough to 

fill to ~12,000 rail cars. If the rail cars were lined up end to 

end, it would span 136 miles.

Crops: Corn, soybeans, cotton, wheat, peanuts, potatoes, sugarbeets, hay, and alfalfa | Average chemical reductions by application window: Burndown: 40-50%, Pre Emergence: 15-20%, 

Post emergence 1: 75-90%, Post emergence 2: 80-95%, Post emergence 3: 85-95% 

Source: USDA NASS, Iowa State University, Kearney Analysis & Expert Input
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The use of an estimated 147 million gallons of fuel was avoided due 
to adoption of P.A. technologies. That is equivalent to an estimated 

283,000 cars off the road annually or 26,000 average flights.

Precision Technologies 
Analyzed

Fuel use has decreased an estimated 7% as a result of current P.A. adoption, and 
there is the potential to further decrease 7% with broader P.A. adoption

Auto Guidance

Fleet Analytics 

& Telematics

2,154M

Estimated fuel use 
without the use of P.A.

2,002M

Estimated fuel use
 at current adoption of P.A.

1,854M

Estimated fuel use 
at near-full adoption of P.A.

147M
(-7%) -148M

(-7%)

Decrease use of fuel 
In millions of gallons

Decrease fuel 
use from no 

P.A. use
Decrease fuel 

use from 
current levels

Each 1,000 acres or row crops farmed 
avoids  ~$4,000 a year in additional fuel 

expenses through using precision ag
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Water use and associated runoff has decreased an estimated 5% as a result of 
current P.A. adoption, and there is the potential to further decrease 20% with 
broader P.A. adoption

The application of an estimated 824,000 Olympic swimming pools 
worth of water was avoided due to adoption of P.A. technologies. 

Precision Technologies 
Analyzed

Variable Rate 
Precision Irrigation

Soil Moisture 
Sensors

11,400B

Estimated water use 
without the use of P.A.

10,900B

Estimated water use
 at current adoption of P.A.

8,700B

Estimated water use 
at near-full adoption of P.A.

-500B
(-5%)

-2200B
(-20%)

Decrease use of water 
In billons of gallons*

Decrease water 
use from no 

P.A. use

Decrease water 
use from 

current levels

*The model only measures the benefits of sensor-driven precision pivots that have seen sizable adoption across the crops within scope. 
Drip and other methods of irrigation provide water savings but are not widely adopted enough in the crops within scope of the analysis.

Each 1,000 acres of row crops farmed 
avoids ~$16,000 a year in additional 
water expenses through precision ag
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Current Realized Benefits:
Precision agriculture technologies helps farmers do more with less

Precision 
ag adoption has 
driven an additional 

5% increase 

in annual crop production

Optimization of 

fertilizer use

Less fuel used

7%
Less

water used

5%

Optimization of 

herbicide use

9%8%

H2O

Source: Kearney Analysis based on USDA NASS, USDA ERS, Purdue Precision Ag Dealership Survey, Iowa State University, North Dakota State 
University, South Dakota University, The Ohio State University, University of California (Davis), University of Illinois, University of Kentucky 

Each 1,000 acres of row crops* farmed generates 
~$66,000 a year in additional revenue from yield benefits

Each 1,000 acres of row crops farmed avoids as much 
as ~$20,000 in additional expenses through fertilizer 

use efficiency

Each 1,000 acres of row crops farmed avoids ~$12,000 
in additional expenses through herbicide use efficiency

Each 1,000 acres of row crops farmed avoids ~$4,000 
in additional expenses through fuel use efficiency

Each 1,000 acres of row crops farmed avoids ~$16,000 
in additional expenses through water use efficiency

Each 1,000 acres of row crops farmed generates $118,000 in annual economic value from precision agriculture ($118 per acre).

*For this analysis, we considered a 1,000-acre row crop farm with 50% corn and 50% 
soybeans
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Unrealized Benefits: 
Greater adoption of precision agriculture technologies unlocks continued yield 
gains and input savings

Precision 
ag adoption could 
drive an additional 

6% increase 

in annual crop production

7% 20%

12%14%

H2O

Source: Kearney Analysis based on USDA NASS, USDA ERS, Purdue Precision Ag Dealership Survey, Iowa State University, North Dakota State University, South Dakota University, The Ohio State University, 
University of California (Davis), University of Illinois, University of Kentucky 

Optimization of 

fertilizer use

Less fuel used Less

water used

Optimization of 

herbicide use
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