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Four Fundamental Causes

Material

Final
(Function — Telos)

Aristotle

384-322 BC



The Efficient Vineyard Approach

Material (Data)

Measure

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

Form (Spatial Vineyard Maps)
Model

Model multi-layer spatial data
needed for perennial cropping
systems

Function (Variable-rate Management)

Manage

Manage vineyards by integrating
spatial information with variable-
rate technology




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.

LS
Lh
]
é
-\.
-




Technology is a Process of Revealing Truths in Nature
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“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



Variable-Rate Crop Load Management

"
Efficientggvineyard

Efficient Vineyard Home CLEREL Viticulture Blog myEV Documentation

Variable-rate Fruit Thinning for Concord Crop Load Balance

Jul 16 « Written By Terry Bates

¥ 2021 VR Fruit Thinning

Watchon (B YouTube

This video describes how we integrate viticulture information, spatial NDVI data, stratified crop estimation, and VR vineyard

mechanization technology for variable-rate crop load management in NY Concord vineyards.
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Ready-to-hand
VS
Present-to-hand




SR Agriiech efficient % vineyard Ag Leader

g Bridge the Technology Valley of Death ) JOHN DEERE
Carnegie Mellon University - OPERATIONS CENTER
s | The Robotics Institute Making sense of sensor data
_ Spatial data processing

In-field validations
Multi-layer data integration
Viticulture decision support

Universities/
Research
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Excellent Customer
Science Focus

Funding / Investment

Public Sector (Academia)

Technology Readiness Level




ficient 5 vineyard
FVIn
efficient 4 vineyar

MyEV Tool

4 s - . & C# 2 ' T
‘;’.’ K o 0 p, * 2 e ey "

Weloome to the Cornell Lake E'ne Research and“
ol Extension Laboratory %03 o

EFFICIENT s

Cornell AgriTech coimensaion ™

‘.4

R

Efficient Vineyard ST R T —
- 4% ,;;_ - /‘/

> V4.4
3 .,;‘

It is not just a project. It is our

mission.

Dr. Terry Bates, CLEREL Director (cv)

Learn More at
www. EfficientVineyard.com

Watchon E3Youlube
As a proud member of Cornell AgriTech, our lab 3 v
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Process Spatial Data

All On-Line

MyEV Tool



Tools for Working with Spatial Observations
1000 100 10

Ag Leader’  Trimble. [&) JoHN DEeEre MyEV Tool
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Operations Center

QArcGIS’

QGIS

PAT - Precision Agriculture Tools
Plugin for QGIS
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%l Process Spatial Data

All On-Line

MyEV Tool

Learn More at
www.EfficientVineyard.com




Primary MyEV Fun

i

Raw Spatial Data

H e

Download/Export
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Filter and Tr|m
-0.0.

M"’ﬁ

i Interpolator

’ Clean Spatial DatN

Balancing
Simplicity and Flexibility

Viticulture Information Validation Locations

ta Translator

(Turn spatial vineyard observations into usable management information)

HiRes Vineyard

NUTRITION

MyEV Training
Nov 28th
10-12 PST




servations in the Vineyard

Yield Fruit Grower
Monitoring Quality Observations

A CLEREL Data Share A CLEREL Data Share

T T
EI—

= Details o] I  Details

 Details

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

SIS s b



Samples Dataset Header

© Mapbox © OpenSiseethap Improve this map © Maxar

@ Concord
® Niagara
Vignoles
@ Traminette
@ Riesling

\/incent

~tin Block West - All Macros

S

2021 Veraison Blade N I 2021 Veraison Blade P

2021 Veraison Blade K X 2021 Veraison Blade Ca

2021 Veraison Blade Mg ] 2021 Veraison Blade S

2022 Bloom Petiole P

2022 Bloom Petiole K 1 2022 Bloom Petiole Ca

2022 Bloom Petiole Mg ] 2022 Bloom Petiole 5

2022 Bloom Blade N I 2022 Bloom Blade P

2022 Bloom Blade K X 2022 Bloom Blade Ca

2022 Bloom Blade Mg I 2022 Bloom Blade S

2022 Veraison Petiole N 1 2022 Veraison Petiole P

2022 Veraison Petiole K I 2022 Veraison Petiole Ca

2022 Veraison Petiole MgIZOZZ Veraison Petiole S

2022 Veraison Blade N 1 2022 Veraison Blade P

2022 Veraison Blade K J 2022 Veraison Blade Ca
© Mapbox © OpenStreetMap Improve this map © Maxar
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Measure: Collecting and Validating Spatial Observations in the Vineyard

Soil EC Canopy Reflectance  Nutrient and Disease Image Yield Fruit Grower
oA (NDVI) Detection Analysis Monitoring Quality Observations
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Holland Scientific ACS-430 Reflectance Sensor
GeoScout DatalLogger (has internal GPS receiver)
AglLeader 6500 (WAAS Corrected)

(~S5K for a single sensor system with datalogger and internal GPS)

Normalized Difference Vegetative Index (NDVI)

(Near Infra-Red — Red)

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

Are there healthy leaves in the
Red-Edge field of view...or not?

NDVI Values range from 0-1

Near Infra-Red
Other VI’'s can be calculated from

raw reflectance data



Crop Circle
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~ Yield Monitoring .,\
‘m“"“ OXBO Yield Tracker, AgLeader 1200 Display, 7500 GPS Receiver ™ | | £ ¥
Fruit weight calibrated against scale house weigh tickets " L
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Niagara K Deficiency 2022

GPS Accuracy: 3.9000000953674316M (Uk)

Canopy Picture

VChoose Files | No file chosen

K Severity

@ Customize your own Data Collector

(&

Track your location in the vineyard

Name of Data Collector

GPS Accuracy

Take a photo and tag it to a location or data point

Add observation notes

Design your own scouting data

Concord K Deficiency 10_4_2022

o@ o

B o &
Ramp Settings

Linear

Min/Max Colors

Point Label Setting
© No Label
Label by Header

Point Size Setting

Point Size: 5

Filters

+ Add Filter

2022 Joined Dataset for Potassium
O -

B o &

Base Layer
usi Jowt
Map Type

Polygon I Heat Map

Color Setting
Solid
O Value

Color by Header
longitude AgleaderYield2022 Yield 2022

NDVI_August10.2022_ NOVI Aug 10 2022

PW_HandSamples2022_LbsVine_Pruning Weight 2022

2022 Veraison Blade K (%)Translated_2022 Veraison Leaf K_RIT
Translated with Field Samples

Cropload2022_Agleader_Crop Load 2022

K Severity

2022 Veraison Blade K
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2022 Translated from observations




Correlation Coefficient

Relating Seasonal Proximal NDVI with Yield and Pruning Weight in NY Concord

0.6 —o— NDVI and Yield

°
®e0 0,e 0

--e--- NDVI and Pruning Weight o ST s Rl K

0 |,
i ‘2\%-1 A 10 20 30 40 70| 80 907200
.Q ’

-0.

NDVI_June08.2022 \:

Min Max Area™
= O L] 3 0.62733 0.64375 0.09 acres

AglLeaderYield2022 v NDVI_August17.2022 ¥ PW_HandSamples2022 LbsVine W

Zone  Min Max Area” Zone:  Min Max Area® Zone  Min Max Area”

339009 420099 0.5 acres 1 07777 080411  0.06acres 088529 1051  0.26acres
064375 06527  026acres 420000 471654 100 acres 080411 081915 033 acres 10561 11542 086acres

Da S fr o m B I O O m 06527 066032 050 acres 471654 533076 061 acres 081915 082875  0.62 acres 11542 124574 091 acres
y 066039 066714 088 acres 533076 601394 058 acres 082875 083715  0.96 acres 124574 134058  0.95acres

066714 067272 095 acres 601304 663703 077 acres 083715 084562  1.00 acres 134058 1442 078acres

067272 067792 097 acres 663703 722850 070 acres 084562 085395  1.02acres 1442 154891 074 acres

067792 068279 098 acres 722850 780745 0,92 acres 7 085395 086226  1.13acres 7 154891 166779  0.68 acres

068279 068785  0.91acres 780745 241005 061 acres 086226 087268 084 acres 166779 181061  0.58 acres

068785 06948 063 acres 241005 0348 0.25acres 087268 088991  0.27 acres 181061 200856  0.46 acres

06948 070948  0.18acres 0343 11.0080 007 acres 088991 092465  0.12 acres 200856 230168  0.13acres




Pre-Shoot Thinning 4 Days Post Shoot Thin 18 Days Post Shoot Thin

June 23, 2020 (Bloom+9) u:‘lusgm July o1, 2020 (Bloom+17) ‘Hﬁ‘uﬂ;eex July 15, 2020 (Bloom+31) “M L. AL
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Correlation Coefficient

0
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Estimated Vine Size (pounds/vine

1.5

Mok ACE430 4

—o— NDVI and Yield
--#---NDVI and Pruning Weight

’

" 10 20 30 40

Days from Bloom

Crop Circle

%
2

Dataset Stats
Median
0.8283
7348

6086.4484 (NDVI)

Mean

Count

00231
1810

0.8284326944217502

0.6445970573903592
0.8915969743703349

¥

2.0

Model ACE-430

Crop chel'

Median
Mean

Count

Sum
Min
Max

o

Acres

Dataset Stats

il

Crop Circle

3110 desg

Dataset Stats
Median

0.7794039926236227
07754
7364
57101771 (NDVI)
0.5340090420701937
0.8797934536076083
00448

1812

0.7142017158986091
07014
7348

5153.7702 (NDVI)
0.39302154057810185
0.8278521101280267
0.0653
18.10

Mean

Count

Acres

_.....||||HIlIHHNHM!h. j

NDVI

Zone Min Max
1 0.64460..  0.73926.
2 0.73926... 0.77595..
3 077595. 079326
4 0.79326. 0.80516...
5 080516..  0.81551.
6 0.81551. 0.82525.

0.82525...
0.83566...
0.84607...
0.85580...

0.83566.
0.84607.
0.85580.
0.89160.

© Mapbox © Ope

v NDVI v o NDVI v
Area® Min Max Area® Zone  Min Max Area*

0.05 acres 053401..  063778.. 008 acres ® 039302..  056936.. 037 acres
0.19 acres 063778.. 068512 035acres @ 2 056936. 060393. 125acres
0.89 acres 068512..  0.71175.. 099 acres [ ) 3 0.60393. 0.63138. 1.79 acres
175 acres 071175..  073257.. 194acres 4 063138. 065777. 174acres
247 acres 073257.. 075230.. 232acres 5 065777. 068529. 175acres
2.86 acres 075230.. O077173. 231acres @ 6 068529. 071130. 187acres
594 e 077173..  079042. 259acres @ 7 o730, 073485. 218acres
260 acres 079042..  080840..  235acres @ = o7, 07560 2.73 acres
278 acres 080840..  082737..  288acres @ o 075685 0779%9. 28lacres
2.18 acres 082737..  087979.  2.30acres [ ) 077999..  0.82785. 1.60 acres

©Mapbox © Opens
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Copy_2023 Crop Load Estimate
o

= O

Base Layer

Satellite @@
Sub Layer

Opacity: 1

Map Type

Color Setting

@ Value Based

Color by Header

Gltellu RN iU Reli el 40 DAB NDVI 2023 I 2023 Yield Estimate

2023 PW Estimate ] Ravaz Index 2023
Ramp Setting
Equal interval JEEGTS
Zone Count

00060000 -

Zone Colors

2023 CLEREL Bloom NDVI

Min

0.7121

Bloom NDVI 2023

0.68311...
0.69110...
0.69834...

0.71992...

0.72803...

Max

0.69110...
0.69834...
0.70520...

0.71217.

Area®
042 acres
1.26 acres
2,01 acres
2.58 acres
2.84 acres
3.04 acres
2.24 acres
1.95 acres
1.51 acres

0.76 acres
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y =-0.0046x + 4.0165

) 4-Year Mean
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Dr. Terry Bates: Crop Estimation and Thinning Table: 7/16/2003

Time of Season
20DAB 25DAB 30DAB 40DAB S0DAB Veraison Harvest
% of Final Berry Weight
Pounds of Fruit
Removed in 1/100th of v
an Acre 20 25 30 35 40 45 50 55 60 65 70 75 80 90 100
10 2.5 2.0 1.7 1.4 1.3 1.1 1.0 0.9 0.8 0.8] 0.7 0.7 0.6 0.6 0.5
20 5.0 4.0 3.3 2.9 2.9 ke 2.0 1.8 1.7 1.5] 1.4 1.3 1.3 1.1 1.0
30 7.5 6.0 5.0 4.3 38 3.3 3.0 2.7 2.5 2.3| 21 2.0 1.9] 1.7 1.5
40 10.0 8.0 6.7 5.7 5.0 44 4.0 36 33 3.1 2.9 2.7 2.5 2.2 2.0
50 125] 10.0 8.3 7.1 6.3 586 5.0 45 42 3.8 3.6 33 341 2.8] 25
60 150 120 10.0 8.6 15 6.7 6.0 55 5.0 46 4.3 4.0 3.8| 3.3 3.0
70 17.5| 140 11.7] 1004 88| 7.8 7.0 6.4 5.8 54 5.0 4.7 4.4 3.9 3.5
80 ——» 20.0] 16.0 13.3]C 11.4] 100 8.9 8.0 7.3 6.7 6.2 5.7 5.3 5.0 4.4 4.0
90 225 180 150] 129 711.3] 100 9.0 8.2 7.5 6.9 6.4 6.0 5.6 5.0 45
100 250 200 16.7 14.3] 125 11.1 10.0 9.1 8.3 7.7 71 6.7 6.3| 5.6 5.0
110 275] 220 183] 157 138] 122] 110] 100 9.2 8.5 7.9 7.3 6.9] 6.1 55
120 300 240] 20.0 17.1 150 133] 120/ 109 10.0 9.2 8.6 8.0 7.5 6.7 6.0
130 325] 260] 217] 186] 163] 144] 130] 118 108] 10.0 9.3 8.7 8.1 7.2 6.5
140 350/ 280] 233] 200 175 156] 140/ 127 11.7 108] 10.0 9.3 8.8 7.8 7.0
150 375] 300] 250] 214 188] 16.7] 1501 136 128  TIS 1 100 94 8.3 7.5
160 400] 320] 267] 229] 200] 178 160 145 13.3 123] 114] 10.7] 10.0 8.9 8.0
170 425] 340] 283] 243] 213] 189 170/ 155 142] 131 12.1 11.3] 106 94 8.5
180 450] 36.0] 300] 257] 225] 200] 180/ 164 15.0 138] 129] 120 11.3] 100 9.0
190 475 38.0] 317] 271 238 211 190 173 15.8 146] 136] 127] 119 106 9.5
200 50.0] 400] 333] 286] 250 222 200[ 182 16.7] 154] 143] 133] 125 111 10.0
Row Spacing determines length of 1/100th of an acre Example:
10.0 feet row spacing =43.5 feet = 1/100th of an acre A grower has 9 foot row spacing and clean picks 48 4 feet at 25 days after bloom.
9.5 feet = 45.9 feet = 1/100th of an acre The fruit weighs 80 pounds and the grower estimates that the berries are between
9.0 feet = 48 4 feet = 1/100th of an acre 35% and 40% of final berry weight. According to the table, the crop estimate is
8.5 feet = 51.2 feet = 1/100th of an acre between 10.0 and 11 .4 tons per acre.
8.0 feet = 54 45 feet = 1/100th of an acre
7.5 feet = 58.1 feet = 1/100th of an acre Disclaimer:

This table gives the relationship between time of season and % final berry weight on

Calculation an average year. Year to year variability in weather related berry growth adds error to
43, 560 square feet per acre |this table. Information on current year berry growth can be obtained from the
Divide by row spacing and then Fredonia Vineyard Lab {or) it is strongly suggested that individual growers start

divide by 100 to get 1/100th of an acre collecting berry weight information from their own individual vineyard blocks,




Translator

Selected Dataset

= Translation:
Going from Data to Information

loom NDVI 2023

Dataset Header
NDVI

a header to translate.

Selected Samples Dataset

o

Concord Crop Estimation
Samples 2023

Samples Dataset Header

PredTons/Acre_Harvest

I Rearession
0.740

0.730
0.720
0.710
0.700
0.690
0.680
0.670
4 6 8 10

r=0.58 y=0.01x+ 065

Run Translation




\

Actlial.Yield Map
2 e . YieldMonitor
translated with mid- , e L F validated against
season fruit sampling i - Scale h@use weight

2023 Predicted and Actual Concord Yield (CLEREL) CLEREL Yield by Block 2023
Block Name Crop Estimate at 30DAB (tons) Final Yield (tons) % Error
y =0.1959x + 6.9031
R?=0.8689 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 W /

Taft Block West 7.4 6.3 -15.6 \ .
Joy Block 7.6 7.8 2.9 / v
Martin Block West . 8.8 5.8

Joy Block . 7.8 2.9 '
'Route 20 . 10.5 1.2 4

! . FinalAdjTonsperAcre v
‘Martin Block East . 2.1
Predicted Yield

(Based on Bloom NDVI and Field Samples) ‘Total R 492240..  651801.. 036 acres
-t 3.47108... 4.9189y... 1.42 acres i it . 6.51801... 7.09612... 1.36 acres

4.91899... 6.04680... 2.09 acres 7.09612... 7.52985..  2.27 acres
6.04680... 7.04941... 2.50 acres 7.52985... 7.96791..  2.50 acres
7.04941.. 8.00992... 2.78 acres 7.96791... 841224.. 2.16 acres
8.00992... 9.00732... 2.97 acres 841224.. 8.83525..  2.75 acres
9.00732... 10.10497..  2.19 acres 8.83525... 9.25348... 2.76 acres
10.10497.. 11.26364.. 1.95 acres 9.25348... 9.71711..  2.51 acres
11.26364.. 12.58936.. 1.51 acres 9.71711... 10.30595..  1.32 acres
12.58936.. 1598028.. 0.79 acres 10.30595..  11.83638.. 0.80 acres

\

=
2
=
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(Based on Validated Yield Monitor)
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Min Max Area”
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Forest Park
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2023 Estimate:
2023 Delivered:

$Streetaws

1900.0 tons
1925.2 tons
1.3% Error
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Correlation Coefficient

0
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-0.3

Estimated Vine Size (pounds/vine

1.5

Mok ACE430 4

—o— NDVI and Yield
--#---NDVI and Pruning Weight

’

" 10 20 30 40

Days from Bloom

Crop Circle

%
2

Dataset Stats
Median
0.8283
7348

6086.4484 (NDVI)

Mean

Count

00231
1810

0.8284326944217502

0.6445970573903592
0.8915969743703349

¥

2.0

Model ACE-430

Crop chel'

Median
Mean

Count

Sum
Min
Max

o

Acres

Dataset Stats

il

Crop Circle

3110 desg

Dataset Stats
Median

0.7794039926236227
07754
7364
57101771 (NDVI)
0.5340090420701937
0.8797934536076083
00448

1812

0.7142017158986091
07014
7348

5153.7702 (NDVI)
0.39302154057810185
0.8278521101280267
0.0653
18.10

Mean

Count

Acres

_.....||||HIlIHHNHM!h. j

NDVI

Zone Min Max
1 0.64460..  0.73926.
2 0.73926... 0.77595..
3 077595. 079326
4 0.79326. 0.80516...
5 080516..  0.81551.
6 0.81551. 0.82525.

0.82525...
0.83566...
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0.05 acres 053401..  063778.. 008 acres ® 039302..  056936.. 037 acres
0.19 acres 063778.. 068512 035acres @ 2 056936. 060393. 125acres
0.89 acres 068512..  0.71175.. 099 acres [ ) 3 0.60393. 0.63138. 1.79 acres
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2.18 acres 082737..  087979.  2.30acres [ ) 077999..  0.82785. 1.60 acres
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2023 Crop Load Descriptors
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i ‘ | 2 Zone Min Max Area™
PredTons/Acre_HarvestTranslated_2023 Predicted Concord Yield - ' . : 006241 056474,  V15acie
23 -y 2 0.56474.. 0.84641.. 143 acres
§ H . X 3
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Variable-Rate Crop Load Management

"
Efficientggvineyard

Efficient Vineyard Home CLEREL Viticulture Blog myEV Documentation

Variable-rate Fruit Thinning for Concord Crop Load Balance

Jul 16 « Written By Terry Bates

¥ 2021 VR Fruit Thinning

Watchon (B YouTube

This video describes how we integrate viticulture information, spatial NDVI data, stratified crop estimation, and VR vineyard

mechanization technology for variable-rate crop load management in NY Concord vineyards.
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