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* A biological perspective

-~ Carbon and Regenerative Agriculture
"7:J * Regenerative Agriculture
 §  Examples and benefits | have seen
* How to start
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Greg Pennyroyal

* Manager Trout Lake Farm, Trout Lake WA — 2400
Acres diversified medical botanicals

 Director Botanical Research Leiner Health
e USP Expert Committees (15 yrs.)

e Research:
— National Institutes of Health
— Global Institute Tibetan Medicine

* Vineyard Manager Wilson Creek Winery
e Professor Viticulture MSJC
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Mean Temp S.Cal AVA 1895 - 2021

Califormia, Climate Diaasion 6 Average Temperature
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Industrial Agriculture

* Soil as a medium for delivering soluble
nutrients to plants
— Degrades the soil food web
— Releases CO, and decreases soil Carbon
— Degrades organic matter
— Nutrient deficient food
— Ecosystem services degradation
— Increased reliance on synthesized inputs SSS

% NORTH COAST
SOIL HUB
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Regenerative Agriculture

* Soil systems that are Constantly improving soil
health
— Supports the soil food web leading to resilience
— Sequester Carbon
— Build organic matter
— Nutrient dense food as medicine

— Decreased or eliminated reliance on synthesized
inputs
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Regenerative Agriculture

* Must also regenerate:

— Farmers bank account
* No margin no mission
* Must preform in current economic models
* Would be obvious in a “True Cost” accounting system

— Value of ecosystem services
* Clean air, Water, open spaces, genetic diversity
» Potential for carbon sequestration income
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Photosynthetic capacity of plants

* Plants functioning at high photosynthetic
efficiency are the engine that develop healthy
soils, not the other way around

* Average industrial agricultural photosynthetic
efficiency of crops is 15-20% of theoretical
genetic potential

— Don't leave 80% of the value behind!
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Photosynthetic capacity of plants

* Increase in photosynthetic efficiency does not
directly correlate to an increase in yields

e Additional sugars fed into soil ecosystem

* Improvement in genetic expression
— Higher chemotypical expression
— Improved plant health

— Reliance to biotic stress

* Cover crops + mulches — Vineyard dormancy
photosynthetic income
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Value of Cover Crops

2021 CY 2.2 inches rain 3™ year Cover
Crop -

Minimize tillage — benefits must outweigh
damage
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PLANT HEALTH PYRAMID

5h be
m stink Bugs, Nematodes such a5 100t 1 nematodes, Ind viruses.

INCREASED
PSM* SYNTHESIS ER Riertabetat

The upper 2 levels are active immunity
and based on vigorous biology.

@ Plants begin absorbing the majority of their

=

INCREASED LIPID SYNTHESIS §y

| B

COMPLETE PROTEIN SYNTHESIS

The lower 2 levels are passive immunity
and based on balanced chemistry.

COMPLETE PHOTOSYNTHESIS

“Healthy plants can become completely resistant to diseases and insects.”
- John Kempf -

AdvancingEcoAg.com

©Advancing Eco Agriculture 2011-2019
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Increasing levels of plant driven ecological homeostasis

~ The Soil Food Web
/* #mm

Nematod&s




Plant Successic -

Stages of Forest Succession

Where does Vitis vinifera
fit?

.‘-‘b““ P

Pioneer E Perennial Plants E Shrubs E Short-lived E Chmax Forest
Plants ! and Grasses 1 (Woody Pioneers) | Pioneer Trees | (Mature Forest)
(Annual) | | i (Young Forest) |

) ) ] )

i i 1 1

Time ----- e ceemeane e ceemeane e ceemeane e ->
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Diversified cover crop mixes to
increase soil diversity

() smarTMIX

Mixes

See a list of mixes you have in progress. Expand to view details.

In Progress

Last Modified Name Progress Mix# 60993
Sep 17, 2020 Fall 2020 Step 4 of 5 e o 0 @ More ~

160 Acres 1: Increase Soil Organic Matter

Edit Species
in 92591 2: Mycorrhizal Fungi Growth -
in Tote 3: Nutrient in ' ™
Cycling | Delete Mix J

Method: Drilled -

Mext Crop:

Orchard/Vineyard
Last Modified Name Progress Mixi 39969
Sep 17, 2020 Vineyard Copver #1 Step 4 of 5 ® o o @ More ~
Last Modified Name Progress Mix# 61126

Sep 21, 2020 Megan Step 3 of 5 ® & @ More
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Humans
0.06GtC

\

Nematodes
0.02GtC
Wild mammals

0.007GtC
Wild birds
0.002GtC

Each smaller cube equals
1,000 tons, roughly
the weight of 2,000 cows.

iculture and Carbon Sequestration
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SOURCE: PNAS "The biomass distribution on Earth”
Yinon M. Bae-On, Rob Phillips, and Ron Mio
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Carbon needs to cycle!
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Soil Tests

* Give initial assessment of gross availability and
ratios (Albrecht)

e Low correlation to field observations and

P SERVIC Crop Services International, Inc.
cROESER Ry 7700 S Sprinkle Rd Grower  Greg Pennyroyal
# Portage, Ml 49002 FieldID WC-B04
7\ 800.260.7933  616.246.7933
] ) Fax: 616.246.6039 Crop wine grapes
){“’ team@cropservicesintl com Area 2.6 acres
i joe@cropservicesintl.com
4 ety ehatey & Sets runoe www cropservicesintl. com
Test Dato [ Toges Base Saturation
elould, AT S TG [ N T 1)
pH  CEC  maer% Ca% Mg% K% No% Other% H%
79 | 83 | 1% | seow [ 283% | 264% | se7u [ 38w [ oon
TTHaseRTTTTTTTTTTTTTCEC Teat fesulta (Mehlich 3) and Targets In Ibs/acre
572 2126 318 324 76 158 Al 100 B D e 32
P,0, Ca Mg K Na s Al B Fe Mn Cu Zn
Phosphate Calcium  Magnesium Potassium  Sodum  Sulfur  Aluminum Boron  kron Manganese Copper Zinc
160 ] 1889 I 565 i m I 331 | 44 I 606 | 1.28[ 208 1152 l 282 l 15.48

Saturated Paste Test results and Targets in ppm

00 <1000 <9 13 L6 2040 68 1215 <@ 6% 20% 12% <5% 051 515 0715 0508 0706 <«

pH Cl salts Bicarb Sulfur Phos Ca Mg K Na Ca% Mg% K% Na% B Fe Mn  Cu

Zn Al
79 | 32 | 154 59 52 53 15.1 7.9 36 205 35 218 39 7a A6 9.18 A8 <02 04 143
high | good | good | good | hgh | good | tow good tow high high | high high fow tow
Optional Tests  ppm | Sodium saturation is too high, Irrigate deeply and retest

i-2ppm  1-2ppm  1-2ppm 1-2ppm 3545ppm 5-12% 1 Sodium and Potassium levels that together excoed

Co Mo Ni Se Si c 10% base saturation may prevent uplake of key
Cobalt Molybdenum  Nickel Selenium  Silicon  Carbon% mineral nutrients

o7 | a2 | | [ |

Living Soil is a Nation's Strength
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Petiole samples -limited reliability

Tissue: Grape - DIV | Leaves Opposite Flowers at Blooming N
{ “rower Name Wilson Creek Test Date 4126/2016 u Il tlon

Figid Name Muscat Block 10 Field Rap David Drucker
Crop Grape Sampie 1D DG02333
Sample Date 42512016 Subfield
VeryLow | Low | Optimem |  High | Excessive
Todal W 1440 Maximum MPact
Total P Crphirmium
Total K i High
Macronutrients Optimum High | Excessive
Ca Optirmum
Mg High
Ma 0,02 OUT OF RANGE
5 0.1 QOUT OF RANGE
Micronutrients High | Excessive
Zn-ppm 75,00 High
Mri-pom 57.00 Optimum
Fe-ppm 124.00 OUT OF RANGE
Cu-ppm 4.00 Contact your CPS CCA
B-ppm EEDEH Optimurm
Petioles Very Low Low Optimem | High | Excessive

Cptimum

Very High

Analytical data provided by Waypalnd Analytical T Rocar providod In this repart afe propristary in nature whersby nuirient threshalds used as a
roference may or may not match Waypoint Analytical Tennsssns ranges for this particular crop and growth stage.

Thea indcereafion conlained heran is. provided “as is™ without warranty of any kind, Wa hareby disciaim all warranties Wi regand 1o the infarmation, including all irgded warmanies
of marchantak:| By or firess for 6 paticuer purposs. IR ro event shal we be liable for any spooal, indirect ar consaquantial damages of any damages whelher in an action of
wonilnacl, regligence or olher loruows actian, ansing cwt al or im connection with the use or performance of nformation contained henain, Your pecUswA ramady, and our ks
Fabibby o you, shall ba Tor damsgas not axceading e price ywou Feve pald lor Lhe nfarmafion contained hemin
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Sap Analysis

BB 8 81 B

Mobile minerals:
Deficiency appears first in older leaves

Nitrogen (N)
Potassium (K)
Magnesium (Mg)
Phosphorous (P)

Medium immobile minerals:

Sulphur (S)

Iron (Fe)
Manganese (Mn)
Zinc (Zn)

Copper (Cu)
Molybdenum (Mo)

immobile minerals:
Deficiency appears first in young parts

Calcium (Ca)
Boron (B)

% NORTH COAST
SOIL HUB
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Insights sap analysis 1 year

Total Sugars [%)]

CW Ch - Leaf (young)

Wi

ome 1-E

joung)

[

-4 WCW CS - Leaf

1

lyoung)

- 3WCW Zin - Leaf

1

-18A PS - Leaf {young)  --m

1
— Min

- 11 WCW V - Leaf (young)

1

— Max

{young)

1-9WCW CS - Leaf |;

020Z-0L-92

Q200161

0zZ0Z-0k-2k

0202050

0Z0Z-0L-L0

0Z0Z-60-82

0zZ02-60-12

0Z0Z-60-¥L

02026020

02026010

0zZ0z-80-¥2

0z0Z-80-L1

020Z-80-01

0202-80-L0

020220742

020Z-L0-02

0202-20EL

0202-L0-90

020Z-L0-10

02022022

0202-20-51

0z202-20-80

0z202-20-10

0z0Z-50-52

020Z-50-8L

02025011

0202-50-%0

0202-50-10

Q202¥0-L2

0202-v0-02

0zZ02-+0-El

0202-+0-80
020Z-¥0-10
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-om- 1-3WEW Zin - Leaf {young)

- 18A PS - Leaf {young)
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1
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Leaf (young)

Fe related to

-1 WCW Y -

- Iron [ppm]
1-9'WCW CS - Leaf {young)
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02020192
02020161
0202:0L-Z}
02020450
0202:0L-10
02026082
020260-12
0202°60-¥1
0202-60-L0
020260-10
0202802
0202-80-L1
0202-80-01
0202-90-10
02022012
0202-20-02
0202-L0°E1
0202-20-80
02022010
0202-90-Z2
0202-90-51
0202-90-80
0202-90-10
0202:50-52
02025081
0202:50- 44
02025040
02025010
02025042
0202+0-02
0202'70-E1

0202-+0-80
0202-v0-L0
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e-Vineyard - Data Collection

V¢ evi e & @eem@am

OVERVIEW R 7 © Your subscription expires today. If you would like to continue using eVineyard buy subscription You may cancel at any time. Need help or have questions’

CALENDAR ez Vineyard blocks

pocumentation  [B Friday WCW 07
0112912021

VINE MODELS P ‘{Td'

48741 o =9 Wt ) wew 12

100° sy ‘ . i AT

CLIMATE

60° 36° #

Dewpoint: 32°F 58° 33°
iditv.

A

Vineyard overview
Data may be outdated because the sensors are
not currently reporting

N\
0% 100m

Powdery Irrigation
mildew recommended
'
M

0%
Soil
humidity kPa season passed

B4 How can we help you?
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IrriWatch 4th July 2020
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Syrah
Crop: Grapes Wine J§
Soil: Loamy Sand®
Irrigation type: Drip

rA
=N

04-07-2020 E|

: Field level

%
o
(3

Pixel: Irrigation map

5 urgent irrigation [l
Irrigation o

No irrigation [l
over irrigation [l [
No vegetation |

AEA WCW Annual Review 2020

NORTH COAST

SOILHUB
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= Measurement dates
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IrriwWatch December 31 2020

: Field level
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Pixel: Irrigation map

3 Urgent irrigation [
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No irrigation [l

over irrigation [Ji
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AEA WCW Annual Review 2020
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Leaflet | Map data @ OpenStreetilap contributors
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" Fertigation Foliar Irrigation Soil Temp
Proof of Concept

Fertigation |Foliar Irrigation
Block 1 |Regular NO Regular
Block 2 |NO Regular |Regular

4X a

Block 3 |Requl Requl
egular egular week
1Xa

Block 4 [Reqgul Requl
oc egular egular week

B2 —0.75 Acres
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Benefits

* Increased yield 22 —31% Average

* Yield stabilization

— 2020 Temecula Cabernet Sauvignon 65% of three-
year average

— 2020 Wilson Creek yield 110% % of three-year
average

e Better quality as seen through fermentation
— Wine spectator 90, 91 & 92 points 1

o
Wine Spe%r
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Benefits

e 50% Reduction in the use of
Fungicides (goal =0)

* 38% Reduction in gallons / ton
ratio (improved infrastructure
contributed)

* | plan more, react less
— More field and crew time

— More customer time =
more profits

— More fun

— | don’t work on weekends!
(much)
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WHAT ARE THoOSE
... LOOKS INTERGTWG, WwEIRDOS VP To ?
BuT 15 IT FoR ME.. ?

B ILLUSTRATOR.(OM
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How to start

e Clear Goals
— Better yield

* Can be a lag for many perennial crops
* Less variability
— Better quality
e Definition
* S Definition

% NORTH COAST
SOIL HUB
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How to start

* Clear Goals
— Better Lifestyle

* More time practicing the art of farming
— Having fun again

* Better work life balance

* Better community member
— People & Planet

— Better economics

%M
SOIL HUB
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How to start

e Start small
— Make mistakes on a small scale

— ROI — time and expense — Less is often more!
Don’t be a “More-On”

e Scale up fast
— Make improvements and money on a large scale

* Develop appropriate measurements
— Predictive vs reactive
— Consistently reassess 80/20 rule
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How to start

* Develop appropriate systems
— Record keeping and real time interpretation

 Sap analysis and/or other measurable results
— Act proactively
— Critical points of influence

* Field observations
— Tie to analysis
— Yield quality data
— Visual & physiological parameters

% NORTH COAST
SOIL HUB
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i Take-Home message:

Regenerative Agriculture may be the best system to
develop resilience to climate change and biotic stress
Regenerative Agriculture can preform both financially
and environmentally

Technology can assist in a systems approach to
agriculture

What we do to the environment we do to ourselves
for better or worse — Better is better




Thank you — Questions?

Greg Pennyroyal greg@wilsoncreekwinery.com
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