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Artificial Intelligence in Agriculture

Troy Runge, UW Madison CALS ADR
Governor's Task Force on Workforce and Artificial Intelligence
May 6, 2024

UW Madison College of Agricultural and Life Sciences

Research Division




Al in Agriculture - do we need it?

Machine Learning Neural Networks Robotics

@ @
<2

Expert Systems Fuzzy Logic

Digital Agriculture
© ° Natural Language

Processing

* Population 9.3 billion by 2050; require 60% more Agricultural Output per area
* Precision Agriculture: drones, GPS, sensors, more data, difficult for decision making

* Precision Ag Data + Al; provides informed decisions to enable greater efficiency



Al on the Farm

High-Throughput Sensors collect
“Big Data”

Animal-Level
Information

S Prices

Terabytes of Data / Cloud computing and storage
Rural Broadband will be critical

Multi-Sensor Systems

e

A

= Ag Data

@ "T'@

— E On-farm
?’: management

(short term)

((@)) - & ‘ Decisions

E g Autonomous
To. Decision
(long term)

Image courtesy of Prof. J. Dorea




Al Research Areas at UW Madison

*All areas of research at UW have some Al
use

Notable areas

* Matching genetic data with
performance

* Plant, animal & microbe phenotyping §&
for health

* Autonomous vehicles and smart
implements to enable precision
agriculture

Model GMO

CALS Research




Mobility score 0 (Good mobility)
Raw video

v

Node 30

Each camera generates ~10 GB per day;
Need high-speed connectivity

Images courtesy of Prof. J. Dorea

Computer and Electronics in Agriculture - Higaki et al,, 2023



Developing the workforce

University level:
 Data Science / Computer Science
* |nvesting in the Al area through the RISE initiative

CALS:

« Agriculture majors are including new data science classes
« Exploring new technology degrees and certificates

» Extension programs incorporating these tools

CALS Research
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Using Data-Driven Knowledge and Al
in Field Decisions

Shawn Paul Conley et al.
Professor of Agronomy and State Soybean Specialist
College of Agricultural and Life Sciences, UW-Madison
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Boots on the Ground On-Farm Validation
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n= 8,015 fields
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Importance of management-based variables in a

random forest model predicting soybean yield.

Shah, AD, T. R. Butts, S. Mourtzinis, J. |.

3 -
Rattalino Edreira. P. Grassini. S. P. Conley Lo oo *
and P. D. Esker. 2021. An interpretable Latitude 1
machine learning assessment of foliar Topsoil pH 1 ——
fungicide contribution to soybean yield in the Topsoil organic matter - =
north-central United States. Scientific _ |
Reports 11:18769 Sendag e ——
https://doi.org/10.1038/s41598-021-98230-2. Growing degree days 1 —
Used a foliar fungicide 1 —p—
Aridity index .
Soybean maturity group e ———
Used a foliar insecticide - —
Topsoil texture —p—
Topographic wetness index -

Plant available water holding |

capacity in the rooting zone .
Herbicide program 1 mpe—
Row spacing - >

Used a seed treatment 1 - N =2,738 fields
Used a starter fertilizer 4 L
Applied lime 7 -
Applied manure 4 L
-

Iron deficiency symptoms 1

2 4 6
Feature importance (ratio)

COO0L<¢BEAN

University of Wisconsin-Madison | UW Exteasion

WWW.COOLBERAN.INFO




Influence of planting date on soybean yield by TED
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* Informed policy changes
* Updated RMA replant coverage

S5M Ag Sector




The spatial coverage of
our database 1s
extensive and coincide
with the region where
most of corn and
soybean are grown
across the US
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THE UNIVERSITY

What do | Plant 1stCorn or Beans?  WISCONSIN

MADISONMN

COOL¢BEAN

Frioien-Makised | UW Extediio

WEE.COSLAAN.INFD

By calculating the ratio of corn + soybean gross revenue for each planting date for two
scenarios (plant corn first and then soybean over plant soybean first and then corn), we can
examine the trend of gross farm revenue across the examined sowing dates

A) optimum cropping systems for both crops B) optimum sovbean and suboptimum corn
cropping system

v
<
B

C) subaptimum soyvhean and optimum corn D) suboptimum sovbean and suboptimum corn
cropping systeni Cropping systems

— g e

Lom + soybean revenue ratio
(plant first com over plant first sovbean)
— —
= o
o (]

0.98 April 20t
0.96
100 110 120 130 140 100 110 120 130 140 100 110 120 130 140 100 110 120 130 140
100
- Crop Crop Crop Crop
c
Z 95 == Com = Com
= e Soybean ~ Soybean
E 90
B
£ g5 - "
B
L)
= 80
@
=
5 75
&
e 100 110 120 130 140 150 160 100 110 120 130 140 150 160 100 110 120 130 140 150 160 100 110 120 130 140 150 160
Planting date (as day of vear) FPlanting dare (as day of year) Planting date (as day of year) Planting date (as day of year)

Arlington 5-year average (2014-18)



Black bar shaws the planting ordes with gréatest fevenus
Red bar shows your planting order = Arl-North: oo - Arl-South: sovbean - Al-Easl: coen - Ad-West: soybean

-
C ro I a n tl n 0 rd e r Profil diference between most profitable planting order and yours = %35 1imcre
p p g Avi-South; soybean - ek West soybean - Al North: opm < Ar.East com

Arl-Soagih: soryboan - Art-VWest soyboan - Ad-Cast: oo - Ard-Noerth: com

decision support tool

m Acres | Production cost $/ac
Ar-North  cormn 500 990 i 85 i i
Arl-South ~ soybean 450 820 A com- k. s St e A
AlEast  com 280 1060 S
Arl-West soybean 600 810 e

FArl-East corn - Al-Bouth: soybean - Ad-Wesl soybean - Ai-Nodh: com

Al West soypbean - Af-Soulh toybean - A-East. corn - Af-Narth: cam

Assumptions s il
Planting capacity in ac/d =100 At o i o
Corn price=$5/bu S
Soybean price=$13/bu Mt A At A s s

Ar-Nor: com - Af-Esst com - Ad-West soybean - &72-South; sovbean

Planting order

+%+++++++%++++%%+

Arl-South; soybaan - Ark-East com - Ask-MNorthc com - AdilVest soybean

@

Target date that planting will start =April 30

Bel-Senith; scybomn - Ar-Morth, cof - Ar-East com - AWt soyvbeas

#yl-Ezst corn - Ad-South: soybean - ArkNerthe com - Ad-West soybean

D $64,233 profit

Arl-East corn - Ark-North: com - dai-Souh. soybean - A iVeed soybomn

i

Ari=-MorE QO - Arl-Eas Com - Ar-S0uin SoyEaan - ARNVSST SOy D

m

25000 o 25000 SO0 15000 100000 123000 eSenOO0
Todal revenue [(5) sum of all felds



Dpen Crop Manager (OCM) __'?_I_LI_

found at open-crop.vmhost.psu.edu

manager

Goal: Serve as a central location to store data and develop value-adding tools

* Facilitate data collection

* Protect data privacy

* Host value-adding services and tools

OCM is where ALL project data
is recorded, such as:

Field = Production
location survey

Vield Scouting
files reports
(and their
images)

Data collected in OCM is protected with
help from the Penn State Institute for
Computational and Data Sciences and
Information Sciences and Technology.

If it comes from your field, or you create it,
it’s your data — you control them and what
they can be used for.

For more information about our data privacy protection policies,
please email Miranda DePriest at mnd20@psu.edu.




Latitude
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Data-Driven Project

Major goals and status

- 1: Identification of field stressors using mobile pictures and app.

+ 2: monitor fields within the growing season for identification of potential yield stressors
and action recommendation (e.g., check field for yield stressors).

Data Driven project that uses Sentinel-2 satellite images and automatically extracts the Normalized
Vegetation Difference Index (NDVI) for every 60 x 60 ft section in a field.

NDVI guantile: 5 % NDWVI quantile: 10 % NDVI] quantile: 15 % NDVI quantile: 20 %
Area to scoul (red color): 0.5 acres Area lo scoul (red color). 0.9 acres Area lo scoul (red color). 1.3 acres Area 1o scoul (red color). 1.5 acres

40.8778 | 08778 H 40.8778 408778 |
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0 BTT2 = 40 87712 pr— 408772 4 #8772 |-
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40,8766 406766 |1 I 40 8766 40 BTGG
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Longitude






A .
SCIENCE B 'y
SUCCESS ‘=i g g—

Data-Driven Project

Major goals and status

« 1: |dentification of field stressors using mobile pictures and app.

- 2: monitor fields within the growing season for identification of potential yield stressors and
action recommendation (e.g., check field for yield stressors).

« 3:create “what-if” scenarios for field-average management recommendation before the
growing season.

++ Examplel: What is the best combination of planting date and maturity in my field (for my specific soil type,
tillage practices, previous crop etc.).

++ Example2: For the seed | am about to purchase, what would be the best combination of planting date, seeding
rate, row spacing, and use of foliar fungicide/insecticide to increase yield and profit (for my specific soil type,
tillage practices, previous crop etc.).
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* What was the previous crop in the fleld?

SCIENCE
FOR
SUCCESS

FUNDED BY THE SOYBEAN CHECKOFF

* Is there an arificial drainage system Installed In the fleld?
Yes
No

* What Is your typlcal seeding rate (x1000 seeds/ac) 150

°
* What s your row spacing (Inches) 30
Field information and management practices that do not change. * Do you typically apply foilar fungicide and/or insecticide?
Yes
No

* Choose your soil type

* How much Nitrogen (Ib/ac) do you normally apply? 0
@

* Do you irmigate that fiekd?
Yes
No

* Choose the trait of your seed
Genetically modified

Conventional non-GMO

* Choose your Tillage practices?
Conventional * Choose the seed treatment of your typical seed
No-til None

Reduced tillage Fiingicira
Fungicide + Insecticide
Strip tillage

Fungicide + Insecticide + Nematicide

* Choose the maturity group of your seed. 2

NS



Maximum Profit

aximum Pr:

Here you see the yield and profit difference between your practices and what Agroptimizer recommends for maximum Yield difference (AgrOptlmlzer vs. your 5ystem)= 4.2 (bu/ac)

profit. Profit difference (Agroptimizer vs. your system)= 58.1 ($/ac)
As before, the confidence we have for these yield and profit differences may be weak, moderate, or strong. M'Oderate |ndicati0n
900
Management Your practice Agroptimizer -
| Planting date | April 30 | April 30 é 800
| Seeding rate (x1000 seeds/ac) g I
Row spacing (inches) v 700 |
Nitrogen rate (actual Ib/ac) 0 0 600
500

Agroptimizer Your system
Cropping system

— e ——

COO0L*/BER

Universily of Wisconsin=-Madison | UW Extension

WWW.COOLBEAN.INFD




Final Thoughts....

* Its clear that technology and Al are going to be a significant tool in
agriculture moving forward so here are my thoughts ..

— Move the 18% mark in WI and improve efficiencies!
— Cross training of data scientists and the ag practitioners

— Train the boots on the ground workforce to use these tools

o Drone pilots license, data integrity (e.g. high-quality data required to inform these
models), data security

o Workforce to service and fix the tools we break in agricultural settings
— Common sense policies and regulations

o Data sharing and privacy, platform compatibility, easements and infrastructure
development

(_‘,OOL BEQN
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THE UNIVERS[TY
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www.coolbean.info
) (1  @badgerbean
S thesoyreport.blogspot.com
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Melissa Heise

Corporate Marketing'and
Human Resources Director,
SwiderskiEEquipment, Inc.
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Governor’s Task Force on
Workforce and Artificial Intelligence
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Technology Opportunities in Ag
Equipment

Melissa Heise, Corporate Marketing & HR Director

Swiderski Equipment Inc.
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Farmers face the same challenges as any other business

or industry...

* Rising cost of iInputs
» Declining resources

* Labor shorfage

2046
9 !n!hon (est.)

2027
8 billion (est.)

2012
7 billion
1999 J
6 billion

o
. -
¥
- “L
-

1987
1974 5 billion

4 billion J

WORLD POPULATION

YEAR
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Technology, Data & Automation...Oh My!

* Tractors are no longer just 4 wheels & IEIP

* Minimize inpufs & maximize yields
+ AGCO + Precision Planting (2017)
* New Holland + Raven (2021)

« AGCO + Trimble (2024)



IERRRRRRINRNNININNNNRNRNRNRRRRRRRIIIINIIIIIIIIIIINIIIIINIIIIIIIIIIIIIIIIIHHEHEHHLLND

Data Driven Decisions

Efficiency

Accuracy

Control

Data, data, datal

* Autonomy is the goal.
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Grower/Producer Integration

GDE®C

* Infroduces a whole new world SEEEET [ rructwacr)

of opportunities for customers
« Aligning technologies
» Reftrofitting older equipment

* Training employees

« There is no single solution across
agriculture...yet!




FIITRIENEIENININININInNRnnnnnnInnInInIIInnnnnInnnnnnnnnnnnnnnnnnniaanannaaanannan

Industry Opportunities

- Opens a whole new world of
opportunities for our indusfry

* ...and Swiderski Equipment!

* Precision Solutions Division
« Combining skills sets
» Creative fraining & up-skilling

» New employee opportunities




Speaker Q&A
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Education Policy Proposals

Universities of Wisconsin

* |nvestments in Al research

e Curricular development and pedagogical enhancements for
improved teaching and learning

 EAB Navigate — advising toward student success

* Faculty recruitment and retention in Al fields

Wisconsin Technical College System Al Initiatives

Governor’s Task Force on Workforce and Artificial Intelligence
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Government Policy Proposals

Wisconsin Department of Administration

* [ncentivizing the implementation of Al solutions and infrastructure
to increase effectiveness, efficiency, and workforce opportunities

 Broadband expansion and accessibility

e Office of Data and Privacy

* |nteragency Technology Governance Work Group

Governor’s Task Force on Workforce and Artificial Intelligence
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Workforce Development
Policy Proposals

Wisconsin Department of Workforce Development

 Enhanced apprenticeship infrastructure to account for technological
advancements, including Al, in trades and industry

 Worker Connection to increase access to training for workers
displaced or otherwise affected by Al in the workplace

* Artificial intelligence layoff aversion program

Governor’s Task Force on Workforce and Artificial Intelligence



Workforce Development
Policy Proposals (cont.)

 Wisconsin Fast Forward Al expansion funds for employer-led worker
training; workforce retention; community tech hub training, and K-12
technology and training

* Al workforce talent pipeline
Al digital literacy campaign

* Enhanced statewide data infrastructure to answer Al and workforce
related questions

Governor’s Task Force on Workforce and Artificial Intelligence
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Economic Development
Policy Proposals

Wisconsin Economic Development Corporation

* Al supports for Wisconsin businesses

e Al innovation hubs

* Al roadmap for Wisconsin businesses

Governor’s Task Force on Workforce and Artificial Intelligence
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Task Force Reflections on
Proposed Action Plan

Governor’s Task Force on Workforce and Artificial Intelligence '



CONVENE

Identify priorities,
working groups,
processes, timelines,
and expected
outcomes/
deliverables.

December

2023

FIRST REPORT

Report out from
Industries, Occupations,
and Skills, and Equity
and Opportunity
Subcommittees on
priority opportunities
and challenges related
to workforce and Al.

SECOND REPORT

Report out from the
Industries, Occupations
and Skills; Equity and
Opportunity; and
Workforce Development
and Educational Solutions
Subcommittees on
potential initiatives to
advance workers,
employers, job seekers,
and a thriving economy.

TOPIC REPORT

Report out from the
Workforce Development
and Educational Solutions
Subcommittee plus staff on
proposed guiding principles
and initial policy concepts
related to education,
government, workforce
development, and economic
development. The concepts
will incorporate the priorities
and initial findings of the
two other subcommittees

as well as labor market data
and other research findings.

INITIAL SUMMARY

Provide initial summary of
findings and proposals as
well as draft final report
content.

ACTION PLAN

Provide final
presentation and
approve action plan.

Governor’s Task Force on Workforce and Artificial Intelligence



Questions?

Governor’s Task Force on Workforce and Artificial Intelligence '



Thank You

Governor’s Task Force on Workforce and Artificial Intelligence '
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