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GEOAI IN SMALL-SCALE PRECISION 

VITICULTURE

 The use of precision viticulture 

is limited in small-scale 

wineries in Eastern North 

America

 How might GeoAI support 

small-scale precision 

viticulture?

1. Precision viticulture background

2. The scale problem

3. Pests and diseases

4. Implementation

5. Conclusion



PRECISION VITICULTURE 

BACKGROUND

Definition

Evolution

GeoAI applications



PRECISION VITICULTURE

Application of geospatial 

technologies, data analytics, 

and site-specific 
management practices to 

optimize vineyard 

performance, grape quality, 

and sustainability.

 Geospatial technologies

 Aerial imaging

 Ground optical sensors

 Weather & soil sensors

 Disease and pest models

 Yield monitors

 Variable rate technologies 

(VRT)

 Integrated management 

systems

 Facilities and assets

 Security



EARLY PRECISION VITICULTURE CONCEPTS

Cyclical process of precision 

viticulture (2006), Proffiti, et. Al.
Vineyard mapping, Michigan State 

University (2010)



EVOLUTION OF PRECISION VITICULTURE

Matese (2018)



THE SCALE PROBLEM

Large-scale dominance

Grand River Valley American Viticulture Area



LARGE VINEYARDS DOMINATE PRECISION VITICULTURE

 Efficiencies

 Economies of scale

 Automation

 Rapid response

 Water management and irrigation

 Variable rate technologies

 Electric micro-tractors

 AI integration

 Most precision viticulture is in

 Australia

 California

 Chile

 France

 Italy



“SITE-SPECIFIC” OPPORTUNITIES AND LIMITATIONS

 Eastern N. America Small 

producers

 Block fragmentation

 Multiple cultivars

 Variable microclimates

 Climate, weather and airflow

 Diseases, insects, weeds

 Trellising/ canopy management

 Landscape ecology

Source: Ohio State University Extension

c
o

n
to

u
r

Typical vineyard layout in Ohio: Mean size = 

10.5 acres (4 hectares)



GRAND RIVER VALLEY AMERICAN 

VITICULTURE AREA

 Grand River Valley (Ohio)

 Microclimate is key

 Approx. 1,300 acres (525 hectares) 

of wine grape production in 2024

 Mean block size = 4.5 acres (1.9 

hectares)



GRAND RIVER VALLEY AMERICAN 

VITICULTURE AREA



GRAND RIVER 

VALLEY AVA

 Terrain and micro-climate

 Lake Erie

 Grand River

Elevation and Grape Production sample points (12x vertical exaggeration). Source: USGS (10m 

DEM)



PESTS AND DISEASES

Spotted lanternfly

Common plant diseases

Vineyard management applications 



SPOTTED LANTERNFLY

 Damages grape root stock by 

feeding on sap

 Lays egg masses on vines and 

nearby trees and woody plants

 Prefers Ailanthus (tree of heaven)

 Disturbed, unhealthy woodlands

 Landscape ecology & forest 

management

National Park Service



GEOAI APPLICATIONS FOR SPOTTED 

LANTERNFLY

 Trained smart phone apps

 GeoAI imagery extraction

 Identify host trees

 Monitor disturbed forest habitat

 Buffers between grapes and woods

 Link insect paths to weather and 

airflow

 Egg masses (physical removal)



OR – USE K9 INTELLIGENCE:
CLEVELAND.COM ARTICLE

Bronco on the job 

(source: 

Ideastream)

https://www.cleveland.com/news/2025/04/look-who-cleveland-metroparks-is-using-to-find-spotted-lanternfly-eggs.html


DISEASE HAZARDS

1. Downy mildew

2. Powdery mildew

3. Black rot

4. Botrytis bunch rot

5. Phonompsis cane and leaf 

spot

Prevention:

 Site selection and planning, 

row orientation

 Cultural controls: canopy 

management, air 

circulation, pruning, resistant 

cultivars, trellising 

Predictors: Humidity, rainfall, airflow, temperature, 

soil nutrients



DOWNY MILDEW

 Conditions: humidity & rainfall

 Prevention: site selection & 

“cultural practices” – canopy 

mgmt.

 Treatment: fungicides 

(underside)

 Timing

 Early detection - starts at bud break to 

6” shoots

 May continue through Veraison, 

depending on rainfall, leaf condition, 

growth stages 

Ohio State University Extension



POWDERY MILDEW

 Conditions: warm, humid air, 

does not require standing 

moisture

 Prevention: Site selection & 

cultural practices

 Treatment: fungicides (both 

sides)

 Timing: 

 Bud break – 3” – 6” shoots

 May continue through harvest

USDA



BOTRYTIS BUNCH ROT

 Conditions: humidity & 
temperatures

 Prevention: Cultural practices, esp. 
canopy and cluster thinning, 
sanitation

 Treatment: Fungicides

 Timing: 

 Early bloom

 Mid-full bloom

 Pre-bunch closure

 Veraison

MichiganState University Extension



PUBLIC PRECISION VITICULTURE & SITE 

ANALYSIS APPLICATIONS

 Cornell AgriTech - Efficient 

Vineyard (management tool)

https://www.efficientvineyard.com/

 Virginia Tech – Geovine (site 

analysis)

https://geovine.cgit.vt.edu/home/

https://www.efficientvineyard.com/
https://geovine.cgit.vt.edu/home/
https://www.efficientvineyard.com/home
https://geovine.cgit.vt.edu/home/


IMPLEMENTATION

A “what-if” scenario: Small-scale precision viticulture with GeoAI



IMPLEMENTATION

Year 1:

Foundation

Precision viticulture 

• Map the property/ parcels

• Terrain mapping (elevation, slope, 

aspect, hydrology)

• Drone imaging: Map grape blocks 

(rows, trellis systems, varietals)

• Mapping of area landscape ecology

• Security risk assessment

• Data storage and management

GeoAI Tools

• Image extraction

• Pattern recognition

• AI assisted spatial data and mapping

• Spatial zoning – hazard risk zones

• Viticulture-specific LLM

• Chatbot assistant

• Natural language field notes



Year 2:

Monitoring

Precision viticulture

• Install sensors (weather, soil)

• Hand-held optical sensors (leaf 

wetness) and smart phone 

apps

• Upgrade vineyard/ winery 

security

• Grape harvest data

• Field notes

IMPLEMENTATION
GeoAI Tools

• Sensor data analysis – machine learning

• Data management tools

• Alert monitoring from predictive disease 

models

• Disease pattern extraction

• LLM field note assistant



Year 3

Decision support and 

zoning

Precision viticulture

• Targeted management schedule 
• Canopy, airflow, fungicide spraying

• Cover crops

• Winter snow cover

• Data storage & management

• Evaluate ROI to date

• Revise decision support

• Initial ROI evaluation

GeoAI

• Canopy management schedule

• Integrate microclimate maps with cover 

crop planning

• Implement sensor-logs into targeted 

management

IMPLEMENTATION



SMALL SCALE PRECISION VITICULTURE

Year 4:

Automation & early 

warnings

Precision viticulture

• Alert systems

• Asset management

• Integrated zonal mapping

• Evaluation & decision support

• Disease resistant varietals?

• ROI evaluation

IMPLEMENTATION
GeoAI

• Early warning dashboards

• Asset dashboards

• LLM integration of daily sensor logs and 

alerts



Year 5:

Optimization & 

scaling

• Vineyard management

• Canopy management

• Spray schedules

• Cover management

• Trellis and canopy management

• Variable rate technologies

• Continued security 

maintenance

IMPLEMENTATION
GeoAI

• Trellis/ canopy management schedule

• Assess varietals, cropping plans

• Assess trellis systems

• Decision support systems



CONCLUSION

 What tools are cost-effective for 

small-scale vineyards?

 AI- enhanced ROI

 Predictive modeling

 Cost-benefit optimization

 Automated data aggregation

 Dashboards and selective data 

sharing with customers and 

partnerships

Ohio State University
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