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Unique challenges faced by the specialty crop industry

Water Weather Labor
* Water scarcity and drought * Weather events can cause * Increasing production costs, and
* Region- and season-scale severi crophdamage and |oss shortage in unskilled and skilled
decisions (e.g., frost, heat stress) labor

Status quo: Suboptimal

Status quo: Suboptimal water management decisions StatL.JS q.u.o: Uncertain and variable
allocation profitability

The future of food

:": is the future of our planet.

Specialty crops: crop diversity (300+), significant fraction (87%) of U.S. Ag workforce,
mostly irrigated high value crops, ~40% perennial systems ,ﬁ
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We build (Ag Al) tools for:

* Mitigating risks * Predicting the unobservable or

 Quantifying uncertainty the unobserved

 Augmenting labor * Forecasting

- Amplifying human productivity * Testing grounds for exploration

« Fusing scientific knowledge with  ° Interacting and querying

data

Agay

© 2025 AgAID



How to make Al work for with
agricultural labor?
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Intelligent Blossom Thinning and Spraying

Flower thinning to
control crop load

Robotic thinning at the WSU Prosser farm

Reuse of robotic platform for
intelligent spraying

WSU CPAAS (Karkee et al.) + OSU (Davidson, Grimm)

© 2025 AgAID 6
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Intelligent Dormant Tree Pruning

Human (expert) pruner Robotic pruner on the WSU Prosser farm

< 2

WSU CPAAS (Karkee et al.) + OSU (Davidson, Grimm) 7
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What would it take for Al and robotics
to scale for adoption?
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Interactive

Pruning Int

erfaces

Tree Feature Labels:
Controls for turning on/off
labels tree features.

Expert Solutions
Participants can learn the
heuristics by seeing where
and why to prune a branch

7Show Expert
Solution

Example Your Task:
Vigorous Draw on the tree
Wood: to remove

- vigorous wood
| ?

Your Progress:

Tutoral Inout  Vigorous

You Try!
Canopy Wood ouTy

[ Previous Next p» |

Digital Exemplar Trees

Camera Motion Control: s o i
i o Participants “prune” exemplar trees by

Camera movement mimics :
drawing on the screen. We can

head movement performed p
generate new trees with to target

by real-world. 2 . ; e
visual-spatial cues for pruning heuristics
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Al to
model crop risks due to abiotic stresses

© 2025 AgAID



WASHINGTON STATE UNIVERSITY
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Frost Mitigation in Fruit crops

Je
<

20
15
10
KEs
'§n \ Maximum
e Hardiness
10| Acctimation > Deacclimation
15
Sept ©ct  Mov Dec Jan  Feb  Mar  Apr

Sweet Cherry
srape Blueberry Blackberry

Inversion Strength @ Richland

! a8
1z
1=
'
N . ' a2 g
Grape Cold Hardiness Select Modsl: | Grape Cold Hardiness & £ i g
) ' 2
= " £
§ . £
This decision support tool predicts critical low temperatures for grapevine bud cold hardiness using two different weather driven models. g e 3
1. The GrapeHardiNet (Saxena et al. 2023) is an artificial intelligence (Al) based model that uses station specific temperature and other environmental variables as input. This model should not - =
o )
be used after bud break
'
2. The WSUCHM (Ferguson et al. 2014, 2011) is a scientific model that uses daily average temperature data as input. I
2 T T 2a
Select a station, season, and cultivar to see the model output. . o
=== Inversion Strength Max inversion (24h) " Air Temperature (5 ft) ~ Air Temperature (30 ft)
Republic x Select Station | Richland S| Map Mixing advised Mixing not advised
Season Grape Variety Soureespatieaenet
2025-2026 ¢ | Chardonnay B
Note: Inversion strength is calculated as the temperature difference between 30 ft (9 m) and 5 ft (1.5 m)
G2 Table = id i i
- Grape Cold Hardiness above ground. Solid lines represent observed data, dotted lines represent forecast data.
Richiand - Chardomnay - 2025-2026
» oday
> - p—
. JAVY . .
£ ® Thu, Dec 4, 2025 ¢
B 8 Min Air Temp: 35.4°F
e Max Inversion: 0.3°F
£ ® GrapeHardiNet LT50: -0.6°F

B WSU/CHM LT50: -0.8°F

. T T T T T T T T T T T T T T T T T T
— Vi A Temp, Moxinversion  —— GrapeHargNet 110 —— GrapeHardiNe1 LTS0  — GrapeHardiNet£780  —— WSU/GHMATIO  — WSUICHMLTSO  —— WSUICHM T30
Source: AgWeatherNet

Cold Risk = View inversion

NoRisk ® Moderate ® High @ Extreme

Team: L. Khot, M. Keller, P. Pesantez, G.-A. Hoheisel (WSU), A. Fern (OSU), and
AgWeatherNet
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Al can also help with
seasonal planning
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Al for tracking and forecasting crop
development stages

Bud Swell

-

&i@ LEAF GROWTH ‘ ,
"

BUD BURST

Balcarcel, Kalyanaraman, Keller, Pesantez (WSU)
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Al can help with filling in missing data
or unobserved data
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Spatial imputation (for snow & weather)
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© oo 0° 0% Thapa, Singh, Savalkar, Rajagopalan, Kalyanaraman
Physically Sparse Digitally Dense fea ’
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Al can help
quantify uncertainty in decision making
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SWE Forecasting Under Uncertainty

Key question: | |
Can we forecast for a forecast horizon of h days? | |

(with uncertainty quantified) Forecasted SWE with
I confidence interval |

' =
I Observed SWE I

Spatial Attention

1
" Attributes - g |
|Aggregation © | | ; |
f

SNOTEL locations in the Western US | |
I Location 'i' : Temporal Attention

o - — —
Thapa, Singh, Savalkar, Rajagopalan, *ﬁ:
“Mln’

Kalyanaraman, AAAI'26
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Al can help with

fusing data with scientific knowledge
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Modeling Streamflows with

Physical Constraints

Input graph G;

RNN memory with gating
mechanism to retain
temporal information

Output

-125°0"
L

-120°0"
L

-110°0"
L

— — CANADA

Yakima (¥)

Flathead (F)

Columbia Watershed

Clearwater (SFC)

Output layers

A 4

Gharsallaoui, Doppa, _ ‘
Rai | S Ik Graph CNN capturing the Graph RNN capturing the
Ajagopaern, —avakan spatial aspect of the data temporal aspect of the data

Singh, 1JCAI’24 %
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Al interfaces for
querying knowledgebases
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What are the drivers that lead the potato cyst
nematodes (PCN) percentage of viability to 0?

POTATOES & PESTS

PAPAS

Actionable Science Against Nematodes

USER INTERFACE Query process
(UI1/UX) >

| Search & Retrieve
. >

2= |
Sk :

Relevant information

Augmentation
Retrieval-Augmented Generation System C°”teXt$°hme”t
Modality-Centric  Similarity-Search Re-ranking E
Retrieval Retrieval Strategies > [ _giﬁ
Top-K Images mil
Ia MIPS-Variams'
j Adaptive/lterative
Retrieval

- )

1) Lack of Host Plants. 2) Environmental
Conditions. 3) Soil Type and Management
Practices. 4) Biological Control Agents. 5)
Chemical Control. 6) Cyst Age and Condition. 7)
Host Resistance

[ Sources 100 | ]

Pesantez, Kalyanaraman,
Zasada, Dandurand
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Al-ready testbeds can help with:
transfer of technology to different systems, and

transition from research to practice
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Smart Orchards and Demo Farm:
Al-ready Test beds

WSU-ROZA Farm (5 Miles North of Campus) Smart Apple Orchard Testbeds (Mattawa, WA; Zillah, WA)

GRCC1 GRCC3
19.89 acres 8.47 acres

LU i Mt bl bbb e i
—

Apples: 28.63 ha '

[}
.o b et e e ¥

Apples: 8. 89 ha

van: W Evans -
| Apples: 0.3 ha | Grapes: 0.2 ha
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Technology Testbed & Demo Site

WSU Smart Apple Orchard

A

A
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Automated precision orchard management technologies
evaluation & grower education
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Autonomy, Precision Spraying (Crop
Protection/Nutrients), Weed
Management

Irrigation & Heat Stress Automation
Crop Load Management

validating soil-plant-atrmos pheric sensors data integration with
automation control system for precise irrigation & heat stress Walidating multiple ground & aerial precision blossom mapping
managenant.

Optimizing autonomous/precision sprayers, nutrients
and crop load managerment solutions.

applications and weed management solutions.

uuuuuuuuuu

PIs: Khot, Sallato, Mantle, Peters, Kalyanaraman R

T
Researchers: S. Gorthi, D. Bhalekar, J. Munguia, P. Medarametla |
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Public-Private Partners (30+)
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Extension and education are key
to ensure transition to practice
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Experimental Community Learning Sites

-
) Automated precision orchard
W

management, technology |
evaluation, & grower education

Zillah, WA Testbed

. K-12 MESA ¥ & O | 2025 Field Day
Environmental Sensing E & ,

Precision Crop Management
& Automation Technologies

COODFRUIT

K-12 MESA = R

A ; ‘;:-:Zg;\ Automated precision orchard
: : - : - : Heat and water highlight S SO - oo Oh.caron
Drones in AngCUIture T Y- S : Smart Orchard field day T

Mattawa, WA Testbed
Managed by Columbia Farm Services

2025 Field Day

Precision & Automated
Irrigation Systems




/
The Road Ahead Pervasive Al in Ag (Farm to Table)

Generative Al and Ag foundation models
for specialty crops

S

Establish Al-ready experimental testbeds

Earl
Y and data consortia

demonstrations
in agriculture

\

Al

foundations
Cybersecurity and privacy

Responsible scaling plan for labor and

automation
/ Al-ready workforce

We are here "%
-
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Challenges and Opportunities

* Model generalizability vs. site-specificity * Bringing up adoption rates
o Transfer learning o Scale-neutrality
o Test-time learning and adaptability o Translational Al emphasis

Human-Al interfaces * Workforce preparedness

o Responsible scaling plan
Data and model commons o Ethical Al

o Data consortia, standards

* Shrinking federal funding

Trustworthiness

o Privacy and cybersecurity > The Path Forward
o Alliteracy and awareness o Academia-private-public partnerships

o Regional partnerships are the key
= Regional innovation hubs
= Rural community involvement

“ﬂkln”
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A future worth building together

It is our moral imperative to build and secure
the future of our farming and rural communities

- Imagine a future where:

o Every farmer has a digital twin of their farm/orchard to reliably evaluate different
strategies for the season and account for different uncertainties

o Every worker comes to the farm knowing their skills are valued and their
productivity amplified through technology (without feeling threatened)

o Every regional policy maker can plan infrastructure and land use pattern with
quantified uncertainties

o Every kid growing up in rural America can have an opportunity to build a career in
Ag-Tech and Al, and bring those hitech jobs to the rural communities

© 2025 AgAID




Special thanks to

Thanks for the support! USDA WsAs
:——/____—— errizgg!amzmgthls
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/ 2\ TREE FRUIT httos://acai
—{ ps://agaid.org/partners/
N/ RESEARCH
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-

&7 COMMISSION f ; . N
Tree fruit and grape industry
Growers, WA Tech Industry Wﬂ;SNHI]NV(‘:I‘;TEE .SI%,—TE
WA partners (Microsoft), Irrigation
districts, Educational partners, VCEA, FAHNRS'
ol Partners in Oregon, ID, CA, VA Extension
WINE
Follow us on ’%
[agaid.org, agaidinstitute @linkedin, YouTube] o
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https://youtu.be/Ip3Cyh0hHuM?si=nbkKO0x1AKDGATKY
https://agaid.org/partners/
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