




Aristotle
384-322 BC

Four Fundamental Causes 

Material Form

Final
(Function – Telos)

Efficient
(Craft – Dynamis)



The Efficient Vineyard Approach

Measure vineyard soil, canopy, and 
crop characteristics using mobile 
field sensors 

Model multi-layer spatial data 
needed for perennial cropping 
systems 

Manage vineyards by integrating 
spatial information with variable-
rate technology

Measure Model Manage

Material (Data) Form (Spatial Vineyard Maps) Function (Variable-rate Management)



Martin Heidegger
Post WWII German Philosopher
“Being and Time”

The Question Concerning Technology

• Technology is not just instruments

• Technology is a mode of revealing truths in nature 

• Technology frames the way we view and interact 
with the natural world

• Technology can be the ultimate danger or saving 
power…it all depends on the attitude of the user.



Soils and Roots

Leaf Nutrient
Status

Canopy growth
and

Light Interception
Yield

Components

Vine Size

Fruit Yield

Fruit Quality

Technology is a Process of Revealing Truths in Nature



“I’ve tried to paint technology in both lights which it is reasonably helpful and at the same time it can be 
misused. It really has more to do with the people behind the technology than the technology itself.

— George Lucas



Ravaz Index = 19.8
St. Dev. = 4.6

Ravaz Index = 30.1
St. Dev. = 6.5

34% mean shift

30% reduction in St. Dev.

Variable-Rate Crop Load Management 



Ready-to-hand
vs

Present-to-hand
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Research 
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Missing Link

Bridge the Technology Valley of Death
Making sense of sensor data

Spatial data processing
In-field validations

Multi-layer data integration
Viticulture decision support





Tools for Working with Spatial Observations

SMS Ag Software

InCommand GFX

Operations Center

4640 Display

Rate/Flow Control Mechanism

MyEV Tool

101001000



Filter and Trim

Clean Spatial Data

Interpolated Map

Validation LocationsViticulture Information

Raw Spatial Data

Download/Export

Balancing 
Simplicity and Flexibility

Primary MyEV Function
(Turn spatial vineyard observations into usable management information)

MyEV Training
Nov 28th

10-12 PST



Measure: Collecting and Validating Spatial Observations in the Vineyard

Soil ECa
Canopy Reflectance

(NDVI)
Nutrient and Disease 

Detection
Image 

Analysis
Fruit 

Quality
Yield 

Monitoring
Grower

Observations

Sensor Validation is Important…
…to translate spatial sensor data into horticultural information



Low N

Check

Low K

Low Mg

2022 Bloom Petiole N projected
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Pruning weight (pounds/vine)

30+10 Balanced

60+10 Balanced

100 Fixed Node

120 Fixed Node

Lake Erie AVA 
Concord Crop Load Model

Based Ravaz Index (Y:PW)

Indicator of Vine Balance

Impacts Juice Soluble Solids Accumulation 
Rate

Impacts Change in Vine Size and Crop 
Potential for the Next Season



Yield

Vine Size
(pruning weight)

Crop Load
(Ravaz Index)

Y:PW

Rate of Fruit
Sugar 

Accumulation

Net Change in 
Vine Size

Estimate

Estimate

Calculate

Predict

Predict

“What it takes to win is simple, it’s not easy.”  — Marv Levy



Measure: Collecting and Validating Spatial Observations in the Vineyard

Soil ECa
Canopy Reflectance

(NDVI)
Nutrient and Disease 

Detection
Image 

Analysis
Fruit 

Quality
Yield 

Monitoring
Grower

Observations



Holland Scientific ACS-430 Reflectance Sensor
GeoScout DataLogger (has internal GPS receiver)
AgLeader 6500 (WAAS Corrected)
(~$5K for a single sensor system with datalogger and internal GPS)

Red

Red-Edge

Near Infra-Red

Normalized Difference Vegetative Index (NDVI)

(Near Infra-Red – Red)

(Near Infra-Red + Red)
= (NDVI)

Are there healthy leaves in the 
field of view…or not?

NDVI Values range from 0-1

Other VI’s can be calculated from 
raw reflectance data





Yield Monitoring
OXBO Yield Tracker, AgLeader 1200 Display, 7500 GPS Receiver
Fruit weight calibrated against scale house weigh tickets
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Relating Seasonal Proximal NDVI with Yield and Pruning Weight in NY Concord 
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Estimated Vine Size (pounds/vine)

0.5 1.0 1.5 2.0 2.5 3.0 

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100C
o
rr

e
la

ti
o
n
 C

o
e
ff

ic
ie

n
t

Days from Bloom

NDVI and Yield

NDVI and Pruning Weight



Yield

Vine Size
(pruning weight)

Crop Load
(Ravaz Index)

Y:PW

Rate of Fruit
Sugar 

Accumulation

Net Change in 
Vine Size

Estimate

Estimate

Calculate

Predict

Predict

“What it takes to win is simple, it’s not easy.”  — Marv Levy

Bloom NDVI

Veraison NDVI



2023 CLEREL Bloom NDVI



Shoot Count Cluster Count Berry Count Berry Size
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Concord Crop Estimation Sampling Clean Pick 1% of an acre at ~30 Days after Bloom

X X X



Concord Crop Estimation Sampling



Translation:
Going from Data to Information



Predicted Yield Map
Bloom NDVI 
translated with mid-
season fruit sampling

Actual Yield Map
Yield Monitor 
validated against 
Scale house weight

y = 0.1959x + 6.9031
R² = 0.8689
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(Based on Bloom NDVI and Field Samples)

2023 Predicted and Actual Concord Yield (CLEREL)

Block Name Crop Estimate at 30DAB (tons) Final Yield (tons) % Error

Barn Block 31.7 30.3 -4.2

Railroad Block 49.4 54.5 10.3

Taft Block East 7.5 7.3 -2.1

Taft Block West 7.4 6.3 -15.6

Joy Block 7.6 7.8 2.9

Martin Block West 8.3 8.8 5.8

Joy Block 7.6 7.8 2.9

Route 20 10.4 10.5 1.2

Martin Block East 10.2 10.4 2.1

Total 140.06 143.76 2.6

CLEREL Yield by Block 2023



2023 Estimate: 1900.0 tons
2023 Delivered: 1925.2 tons

1.3% Error



Estimated Vine Size (pounds/vine)
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Veraison NDVI 
With 
Vine Size Validation Points



Predicted Pruning Weight Map



Predicted Yield

Predicted PW

Calculated 
Predicted Crop Load
(Y:PW, Ravaz Index)
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2023 Phenology Vines

Y:PW < 10

Y:PW = 10-20

Y:PW > 20



Ravaz Index = 19.8
St. Dev. = 4.6

Ravaz Index = 30.1
St. Dev. = 6.5

34% mean shift

30% reduction in St. Dev.

Variable-Rate Crop Load Management 



Yield

Vine Size
(pruning weight)

Crop Load
(Ravaz Index)

Y:PW

Rate of Fruit
Sugar 

Accumulation

Net Change in 
Vine Size

Estimate

Estimate

Calculate

Predict

Predict

“What it takes to win is simple, it’s not easy.”  — Marv Levy

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20 25 30

C
h

an
ge

 in
 P

ru
n

in
g 

W
e

ig
h

t 
(p

o
u

n
d

s/
vi

n
e

)

Crop Load (Ravaz Index)

15.0

15.5

16.0

16.5

17.0

17.5

0 5 10 15 20 25 30

Ju
ic

e
 s

o
lu

b
le

 s
o

lid
s 

(o
B

ri
x)

Pruning

Thinning
Yield

PW

Crop Load
(Y:PW)



“You must unlearn what you have learned.”
(Education of the decision maker) 

“Try not! Do… or Do Not. There is no try.”
(Clear business purpose) 

“The greatest teacher failure is.”
(At-Scale Investment) 


