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Is robotic farming the next wave of 
agricultural innovation? 
https://www.agxeed.com/our-solutions/agbot-
2-055w4/ 

Drones may be more useful for VRT spot 
spraying, than for data collection - 
https://www.marketreportgazette.com/2019/

Handheld smart phone based plant sensors may make 
precision farming profitable for small and medium farmers -
https://yarairix.com/fr/ntester-clip

https://www.agxeed.com/our-solutions/agbot-2-055w4/
https://www.agxeed.com/our-solutions/agbot-2-055w4/
https://www.marketreportgazette.com/2019/
https://yarairix.com/fr/ntester-clip


Just in case you are 
wondering about Harper 
Adams University:
 
• Harper Adams is a British 

public agricultural research 
and teaching university 
established in 1901

• 150 miles northwest of 
London in Shropshire

• Harper Adams has over 5000 
students, all in agriculture. 

• Campus within a 1200 acre 
working farm



Claim to fame - Harper Hands Free Farm has been 
growing crops autonomously since 2016

Source: https://www.handsfree.farm/images.html 

Wheat, 
barley and 
field beans 
grown from 
seeding to 
harvest with 
retro-fitted
conventional 
equipment

Hands Free Farm retro-fitted small conventional 
equipment to test the swarm robot hypothesis.

https://www.handsfree.farm/images.html


Goals of this presentation:

1) Reminder on current status of 
precision ag adoption.

2) What have we learned about 
PA adoption trends?

3) Look into the future of 
precision agriculture, 
autonomy and general agri-
tech adoption trends.

Photo source:  https://www.wur.nl/en/product/robotti-1.htm

Agrointelli Robotti as part of a strip cropping trial at 
Wageningen University. Researchers are asking what 
new production practices are practical and profitable 
with advances in technology? 

https://www.wur.nl/en/product/robotti-1.htm


GPS Released 
for Civilian Use, 

1983

Yamaha applies fertilizer and 
pesticide with UAV, 1983

Soil Teq does first computer 
controlled VRT fertilizer, 1987

Combine yield monitors, 1992

Dekalb-Agra on-farm trials of 
VRT fertilizer, 1993

Beeline GPS guidance, 1997

Yara N sensor, 1997

Trimble sprayer boom control, 
2006

Ecorobotix autonomous 
weeding robot, 2011

Claas 
combine 
operator 

assistance, 
2013

Hands Free Hectare first 
robotic crop, 2017

Smart Ag autonomous chaser 
bin, 2018

John Deere large scale 
autonomous tractor, 2022
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Some Precision Agriculture Milestones



USA Ag Retailer Use of GPS Guidance
• Global Positioning 

System (GPS) was the 
first Global Navigation 
Satellite System (GNSS).

• GPS lightbars rapidly 
adopted starting in late 
1990s and then 
replaced by autosteer.

• Autosteer rapidly 
adopted starting in 
about 2004.

• Both are easy to use 
and have short run 
benefits
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In 2023, 93% of ag retailers use 
either lightbars or autosteer.

Source: Erickson and Lowenberg-DeBoer, 2023 – https://www.croplife.com/management/precision-
survey-ag-dealers-respond-to-marketplace-shifts/ 

https://www.croplife.com/management/precision-survey-ag-dealers-respond-to-marketplace-shifts/
https://www.croplife.com/management/precision-survey-ag-dealers-respond-to-marketplace-shifts/


Dealer Adoption of Variable 
Rate Technology (VRT), % of 
respondents

• VRT fertilizer was introduced 
in the USA in the early 
1990s.

• Fertilizer dealers moved 
quickly to provide VRT 
fertilizer services.

• VRT pesticide services have 
languished, mostly because 
annual weeds, insects and 
plant diseases are difficult 
and costly to map.

• VRT seeding is done by 
some farmers, but dealers 
sometimes help with 
prescription maps.

Source: Erickson and Lowenberg-DeBoer, 2023 – https://www.croplife.com/management/precision-survey-ag-
dealers-respond-to-marketplace-shifts/ 
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Farmer Adoption of Global 
Navigation Satellite Systems 
(GNSS ) Guidance in the USA

• USDA ARMS data has an 
irregular survey cycle with 
different crops each year.

• Easy to imagine that the 
cloud of data points forms a 
classic “S” shaped adoption 
curve for GNSS guidance

• Other data suggests that 
sprayer boom control, seeder 
row shut offs and other 
GNSS guidance related 
technology has been 
adopted rapidly by farmers 
as well as dealers.

Source: Based on data from USDA ARMS - https://data.ers.usda.gov/reports.aspx?ID=17883
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• Farmer use of VRT fertilizer on 
cereals and oilseeds rarely 
exceeds 30%

• In spite of widespread 
availability of VRT services,  
intense publicity, and subsidies 
in some counties and states, 
VRT use by US farmers shows 
only a slight upward trend.

• The >20% adoption of VRT in 
the 2010-12 period was during 
a period of high grain prices. 

Source: Based on data from USDA ARMS - https://data.ers.usda.gov/reports.aspx?ID=17883 and  Schimmelpfennig and 
Lowenberg-DeBoer, 2020. 
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Precision Agriculture in Denmark
• Denmark Statistics does a PA 

survey of all Danish farms 
growing crops.

• Adoption pattern similar to US:
• Guidance most common PA 

technology.
• More PA on larger farms
• VRT fertilizer adoption modest -

In 2017, VRT used by 7% of 
farms. VRT not reported in recent 
surveys.

Source: Denmark Statistics, 2023
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Agri-tech pipeline: Robots are starting to appear in fields
• Weeding robots are being trialled all over Europe 

led by France, where roughly 600 robots are being 
used for mechanical weeding of vegetable and 
sugar beet crops in 2023.

• The worldwide agricultural robots market was 
estimated at US$13.4 billion in 2023.

• An estimated 250 companies worldwide are 
developing crop robots. 

• The 2023 FutureFarming crop robot catalogue 
(https://www.futurefarming.com/dossier/field-
robots/) has 60 robots being marketed by 50 
medium and small manufacturers, plus two 
companies with tractors that can be operated 
autonomously and 6 companies with retrofit kits 
to convert conventional tractors for autonomous 
use. 

• In North America John Deere and CNH are 
commercializing autonomous crop equipment. 

Source: James Lowenberg-DeBoer

Robotti, weeding robot, weeding French beans on 
Sandfield Farm, Stratford on Avon, UK, 25 June 2021

https://www.futurefarming.com/dossier/field-robots/
https://www.futurefarming.com/dossier/field-robots/




GNSS Guidance Success Story
• GNSS guidance being widely adopted on 

mechanized farms almost everywhere.
• Sprayer boom control, seed row shut offs 

and other technology linked to GPS 
guidance being widely adopted.

• Investment in GPS guidance and related 
technologies cashflowed by reduction in 
overlap and more efficient field 
operations. Other benefits (e.g. reduced 
fatigue, flexibility in hiring) are 
unquantified side effects. 

GPS sprayer boom control reduces pesticide 
skip and overlap. 



The success of GPS guidance is not a 
surprise – we had clues in the late 1990s

• In 1998 with encouragement from 
Trimble and other companies, we did the 
first economic analysis of GNSS 
guidance.

• This analysis showed substantial gains 
from reducing skip and overlap in input 
application.

• Given ease of use, relatively low cost of 
trialling, and easily visible results we 
predicted quick and widespread adoption 
for GPS guidance.

Source: Lowenberg-DeBoer (Purdue Agricultural Economics Report, 1999)



Variable Rate Technology Adoption has Lagged
• Variable Rate Technology (VRT) being adopted in 

niches where it is highly profitable, but VRT adoption 
for all broad acre crops only rarely exceeds 20% of 
area or farms.
• Constraints to VRT adoption include:

• High cost of site specific information (e.g. grid or zone soil 
sampling)

• Cost of developing individualized prescription maps 
• Lack of demonstrated value – impact on yields and profits 

often hard to see
• Cost of being wrong (and over applying) is often small 

because environmental impacts not measured 
https://www.agvise.com/zone-soil-sampling-and-
variable-rate-fertilization-optimizing-profits/ 

https://www.agvise.com/zone-soil-sampling-and-variable-rate-fertilization-optimizing-profits/
https://www.agvise.com/zone-soil-sampling-and-variable-rate-fertilization-optimizing-profits/


The earliest VRT fertilizer trials generated 
adoption concerns 
• From the beginning on-farm VRT 

fertilizer trials showed mixed 
results profitable some years and 
not others. 
• The early trials also showed 

implementation challenges in soil 
testing, creating recommendation 
maps, and spreading accuracy. 
• Based on mixed profitability and 

implementation issues adoption 
challenges were predicted in the 
mid1990s. 

16

Some of the first variable rate fertilizer trials using GPS and  yield monitors were done in 

Dekalb County, Indiana (Source: Lowenberg-DeBoer and Aghib, 1999)



What have we learned about PA adoption?

• The best single predictor of long 
term adoption is benefits to the 
farmer.

• The time path to adoption is 
highly variable and depends on 
many factors, including:
oMarketing
o Education of farmers
o Social pressure
oRegulation

Source:  Lowenberg-DeBoer, SAE, 1998



Adoption potential of PA technology in the pipeline?
Machine vision targeted herbicide:
• Potentially quite profitable for 

farmers.
• Adapts easily within conventional 

farming systems.
• Responds to public sentiment and 

regulatory pressure to reduce 
herbicide use.
• In the longer run it shifts plant 

protection business toward a service 
model, away from sell quantity.

https://www.deere.com/en/news/all-news/see-spray-ultimate/ 

John Deere See & Spray enables herbicide application 
among maize, soybean and cotton plants. 

https://www.deere.com/en/news/all-news/see-spray-ultimate/


Mechanical weeding for commodity crops

• Automated mechanical weeding is 
currently economically competitive for 
wide row high value organic crops 
(e.g. sugar beets, vegetables, flowers).

• Currently automated mechanical 
weeding is commercialized with 
human operators or autonomous.

• Without a major technologically 
advance, mechanical weeding will be 
profitable for grains, oilseeds and 
other commodity crops only if done 
autonomously and probably with 
machine vision to allow weeding 
closer to crop plants.

Mechanical weeding with autonomous crop equipment could 
make farms more profitable and reduce the environmental 
footprint of agriculture. (Source: https://farmdroid.dk/en/product/)

https://farmdroid.dk/en/product/


Combine AI Operator Assistance Technology

• Potentially grain savings of 3-7 bu./a
• Integrates with current harvest technology.
• Currently only available as OEM 

equipment only on the largest combines.
• Currently focus on physical parameters 

(e.g. grain loss, grain quality, fuel use). 
• Future decision support to incorporate 

grain prices, fuel costs and time 
availability. Farmwave AI uses cameras on the combine 

to monitor harvest grain losses
https://www.youtube.com/watch?v=VSmHEtnKHnY 

https://www.youtube.com/watch?v=VSmHEtnKHnY


Co-robotic large machine automation
• Co-robotic technology is being 

commercialized for large farm 
machines.

• Having a human operator in the 
field reduces safety concerns 
around large autonomous 
machines.

• Co-robotics for large, well 
capitalized farms fits the 
business model of major 
manufacturers.

A “leader-follower” multi-tractor tractor system helps leverage 
the time of the operator in the field by allowing them to 
supervise the work of multiple machine.
Source: http://gardsdrift.no/traktorer-%C3%A9n-sj%C3%A5f%C3%B8r

http://gardsdrift.no/traktorer-%C3%A9n-sj%C3%A5f%C3%B8r


For example co-robotics for seeding
• John Deere introduced an 

autonomous R8 in 2023 for the US 
and Canada.
• In theory the R8 can work without 

in-field human supervision and that 
is legal in most of USA and Canada.
• My hypothesis is that it will be 

initially used co-robotically, for 
instance to prepare a seedbed in 
the same field as a human driven 
planter tractor.

22

https://www.deere.com/en/autonomous/ 

https://www.deere.com/en/autonomous/


Swarm robotics would be a paradigm change
• When human drivers are removed the 

economic drive to use large machines 
almost vanishes.
• Swarm robotics potentially cuts both 

labour and capital costs.
• Farming with many small autonomous 

machines radically changes the 
economies of size in agriculture.
• Because a shift to swarm robotics 

would involve major changes in farm 
size, organization and management, it 
may take some time.

Many researchers envision swarms of small robots, instead of large machines – Pedersen, 
Fountas and Blackmore, 2008 



“Why the low adoption of robotics in the farms?” 
• That premature question is from the title of Gil 

et al. (Smart Agricultural Technology, 2023). 
• A better question would be why companies 

have been slow to commercialize ag robots?
• Some hypotheses include:

• Engineering challenges – still exist for horticulture 
and for swarm robot coordination.

• Business model – swarm robotics do not fit the 
large scale agribusiness model.

• Regulatory issues – e.g. in field human supervision 
rules, liability issues.

Smart Ag started selling 
autonomous chasers bins in 
2019. Several companies now 
offer this  co-robotic technology.
https://www.oemoffhighway.com/trends/gps-
automation/news/21020794/smart-ag-unveils-autocart-
driverless-tractor-technology-at-2018-farm-progress-show

https://www.oemoffhighway.com/trends/gps-automation/news/21020794/smart-ag-unveils-autocart-driverless-tractor-technology-at-2018-farm-progress-show
https://www.oemoffhighway.com/trends/gps-automation/news/21020794/smart-ag-unveils-autocart-driverless-tractor-technology-at-2018-farm-progress-show
https://www.oemoffhighway.com/trends/gps-automation/news/21020794/smart-ag-unveils-autocart-driverless-tractor-technology-at-2018-farm-progress-show


UK crop robot code of practice
One of the key constraints on adoption 
of autonomous crop machines are 
regulatory and liability questions.
The US state of California has very tight 
regulations requiring on-site supervision 
of crop robots and limiting speed.
The EU Machinery Directive is being 
revised to make regulation of crop 
robots more flexible.
UK is several steps ahead because it has 
a voluntary crop robot code of practice.



Agri-tech further up the pipeline:
• Digital twins and AI optimization 

– decision support systems that 
use computer model to predict 
the performance.

• Agri-tech for regenerative 
agriculture:

• Autonomous machines reduce the 
labour needed for mixed cropping.

• Digital twins and AI can ease the 
decision making burden

• Alternative power for agriculture

https://www.nrem.iastate.edu/research/STRIPS/content/what-are-prairie-strips 

Prairie strips are a form of regenerative mixed cropping 
drawing attention in North America. 

https://www.nrem.iastate.edu/research/STRIPS/content/what-are-prairie-strips


Digital twins and AI optimization

• AI optimization of cropping system 
digital twins is proposed to manage 
complex agricultural systems.
• Can accommodate thousands of 

variables and interations.
• Could identify potentially useful 

patterns and synergies.
• Succeptible to “hallucinations”.
• Very difficult at this point to 

determine the reliability of results

https://towardsdatascience.com/designing-your-neural-networks-a5e4617027ed 

Neural networks are designed to mimic the function of the 
human brain

https://towardsdatascience.com/designing-your-neural-networks-a5e4617027ed


Regenerative agriculture 
approaches like “patch 
cropping” radically 
changes farming systems 
, including soil 
management, pest 
dynamics, and optimal 
genetics. European 
researchers struggling to 
mechanize these systems.

https://comm.zalf.de/sites/patchcrop/SitePages/Homepage.aspx 

Leibniz Center for Agricultural Landscape Research 

https://comm.zalf.de/sites/patchcrop/SitePages/Homepage.aspx


Alternative power sources for agriculture
• With current technology hydrogen 

power has many advantages for 
North American farms with large 
fields.
• For European farmers with small 

irregularly shaped fields, with 
many non-farm neighbors and 
doing protected agriculture (i.e. in 
greenhouses or polytunnels), 
battery electric has advantages.
• Methane, renewable diesel and 

other options.

https://fuelcellsworks.com/news/first-100-hydrogen-eox-electric-tractor-sold-by-h2trac/ 

The EOX-175 is 175 hp electric powered tractor with a 
hydrogen range extender manufactured in the Netherlands. 
With guidance, adjustable track width and four wheel drive 
it is especially designed for controlled traffic farming (CTF).

https://fuelcellsworks.com/news/first-100-hydrogen-eox-electric-tractor-sold-by-h2trac/


Battery electric has a low power density and so it 
would mean changing how farming is done
• Current farming practices a designed 

for abundant, relatively low cost 
mobile power.
• Autonomy and electric power a 

logical combination.
• Punch (or dibble) planting would 

reduce draft power needed for 
planting.
• Alternatives already exist for electric 

powered spraying and weed control.
• Combines require large amounts of 

mobile power for threshing on the 
go. Electrically powered harvest may 
mean rethinking how harvest is done. https://www.terryharrisonmachinery.co.uk/product/farmtrac-ft25g-electric-tractor/ 

The 22 hp Farmtrac FT25G Electric tractor is the best selling 
electric tractor in the UK. It costs about US$30,000.

https://www.terryharrisonmachinery.co.uk/product/farmtrac-ft25g-electric-tractor/


Take home messages:
• Achieving widespread adoption of agri-tech 

innovations requires great technology that fits the 
physical and social environment, and:
qEffective business models for manufacturing, distribution 

and use of that technology.
qConducive regulatory framework
qTime

• Approximating long run adoption levels can be based 
• Farm level benefits (e.g. profits, labour flexibility)
• Physical, financial and social constraints

• Predicting short run adoption patterns is very difficult 
and not needed for most strategic planning and public 
policy. 

Soil TEQ applied for a patent on 
multi-product variable rate fertilizer 
spreader in 1986. That idea is still in 
the process of being adopted. 


