== WEST
B2l HIlLS UCSB
J COLLEGE o

UNIVERSITY OF CALIFORNIA
COALINGA SANTA BARBARA

P&wWow

FORMATION . .~
OWiseConn & THEVINE

~
\S

ENVIRONMENTAL

Programmable Irrigation & Fertigation
Jose Baer, PowWow Energy

OpenFarm
October 23, 2019

Collaborators: PowWow Energy, WHCC, and UCSB

Primary Investigator: Olivier Jerphagnon (PWE)
Project Manager: Kevin Langham(PWE)
Co-PI for automation: Guillermo Valenzuela (WCE)
Co-PI for DAC: Terry Brase (WHCC)

Co-PI for M&V: Dr. Geyer (UCSB)



Market is fragmented (ex: Chico region)

70% of major crop
5 acreage is on small
farms under 500
acres. 30% held in a
—_— few large farms of
. 1,000-10,000 acres
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Example: 15,000 acre farm experimenting
with automated 388-acre almond orchard
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Where does programmable irrigation fit
within the farming operation?

Agronomic \ p—) Other field
“Science’ review ”Art”{/_‘ review \ operations (spray,

tillage, harvest...)
Al-based
Outside data d

via Mobile App
CropMonitor |
sources ’

Soil-plant-atmospheric
continuum sensors

Automation | Irrigator |1 Water delivery

/ Existing features done under

EPC-14-081 (2015-17)

Rain
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Effect of rainfall on orchard with a slope

High
Vigor

Low
Vigor

Image of flooded field near Davis after rain Vigor across field at harvest
early in the season (near bloom) in 2018 from aerial pictures




Team working on the project near Davis
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Screenshot from software dashboard

Field Details for Field 160

r NDVI Configuration File Locker

Total ETc (incl. forecast): 42.69
Total Effective Rain: 9.36
Total Irrigation: 30.30

Type:| Weekly v Block: | Field 160 - Block A v ﬂ

[
1o i L] L]
03701 04/01 05/01 0601 07/01

TV e
O — )

ETc | Forecas t ETc [l Effective Rain [l Effective Irrigation

Water savings: Applied water is 21% less than crop ET. Each block is irrigated differently.
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Impact of project on almond orchard

Before After

June 26, 2018 August 23, 2018 August 24, 2019

Block E -.‘ :‘I, '. . i : _ - .
Block D
High
Vigor
Block C
Block B .
Vigor
Block A
Vigor uniformity dramatically improved. Water applied on Block E is 7% more than on Block A.
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Integration is not easy: 20 irrigation units

North Flow =T -
Meter -
i O Valve IUs 20 & 19:
I “ 20 NP & Pollinator in alternating rows
I SR
)
Valve
North Pump 19
Valve IUs 20 & 19:
18 NP & Pollinator in alternating rows
Valve
17
... (other valves & sets)
South Flow K » Us 483
~ Meter S :
I O Valive N NP & Pollinator in alternating rows
—\ ™Y
)

South Pump
Boosters pumps not — =X
rs pun Usl1l&2
Yf'% 2 | NP & Pollinator in alternating rows
L Valve 1

Overall there are 20 Irrigation Units controlled by individual valves to irrigate by plant
variety or soil zone. The opening/closing of valves is staggered to maintain pressure.
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Transition to automation can be difficult

This image illustrates
water stress on 6/14

...and irrigation totals
for 3 weeks prior

Some blocks were
shorted (B & C) while
moving from manual to

automation (weeks of
5/27-6/10)
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Farming operation will change gradually

Week Schedule

Daily Schedule

Remember to review & send automation commands

Group: 2019 Week 41

Automated System Ord

Print a work order
or load schedule to
automated field

Add Activity = S
Ranch Field SetName /gronomisAdjuste:
Hours  Hours
Almendras del ) )
Sol - 215 Field 215 Field 215 (A) 24 24
Almendras del
i i 24
Sol - 215 Field 215 Field 215 (B) 24
Carando Vann Field 160 Field 160 (... 24
Ranch
Carando Vann Field 160 Field 160 (... 24
Ranch
Carando Vann Field 160 Field 160 (... 24
Ranch
Carando Vann Field 160 Field 160 (... 24
Ranch
Carando Vann Ciald 4an  Field 160 (... 24
CURRENTLY Cameron B [}
of Vann Brothers =I5
24
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Mon Tue Wed Thu Fri Sat Sun
7-Oct 8-Oct 9-Oct 10-Oct 11-Oct 12-Oct 13-Oct
29 [2 5 4.8 5
3 2.1 5.1 4.8 5.1
3 2 5.3 5
3 2.3 5.3 26 5
3 ) 5.4 5
3 ) 5 5.1

Print

Schedulec

Notes
Hours

19:45

20

15:20

20:05

15:25

15:05 .




CropMonitor’s irrigation workflow

® 0 ®  calendar x B ® 9 ® ; calendar x g
& - C (O & dev.powwowenergy.com/calendar/ag PN ® oBBB @3 & &< - C O & dev.powwowenergy.com/calendar/detail e
PowWow  Overview  Assets  Records Imigation ™0 & ThomasKuo v PowWow  Overview  Assets  Records
Prvious 2019 Week 42 10/14/19 to 10/20/19 (This week) Nt i 2019 Week 42 10/14/19 to 10/20/19 (This week) o
Agronomic Review I Calendar Schedule | Management Reports Agronomic Review I Calendar Schedule I Management Reports ‘
= Remember to review & send automation commands
Forecast from Today (6/27/2019, 6:00 am) ) e New® & N
Remember to approve the plan. The initial hours are not set in Add Activity | | Copy Last Week Schedule Group: 2019 Week 42 print | Edited® &
calendar yet
) Forecast | Forecast Adjust | Agronomist Agronomist Approved  Approved
ench) ERd o ETc Hours Sethame WP inches | Inches = Hous | inches  Hours hotes Mon | Tue | Wed | Thu Fr Sat Sun
Automation .
s Field 1 Amonds  0.82 20 Feld QEIET) Dip 01 052 22 ) Agronor Manag | 14-Oct | 15-Oct | 16-Oct | 17-Oct | 18-Oct | 19-Oct | 20-Oct | ‘Schedud
Ranch Field | SetName g Notes
Astomation Hours | Hours Hours
Field 2 Amonds 045 1 Field 2Q1T)  Drip 045 1 ]
Demo Automation Field 1 Field 1 2 2 ‘ . . . 24
Automation .
ioral Field 3 Amonds 045 11 Field ST  Drip 0.1 035 9 Aromaton L peaz | B
[ Automated }
Automation Field 3 |
Fed3  orEete 9 9 9

Scheduling || Irrigation
by manager || events...

Agronomic review
feeds into...

(=) Q )

Accuracy Precision
report for report for
Agronomist management

PEswWow
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Precision and accuracy reports

Precision (hours) — are we
following the plan?

Irrigation hours - Week 28

R2.B1 r Plan (hr)
R20_B1 @ Actal (hr)
R20_B2 . Difference (hr)
R10_B1
R10_B2

R10_B3 west

R10_B3 center
R10_B3 east
R19_B1 East

R19_B1 West
R19_B2 East
R19_B2 West
R1287_North
R12_B7 Center
R12_B7 Organic
R12_B8 North
R12_B8 Center
R12_B8 A (Organic)
R1289

i

R12B10

8
B
8
9
3
°
S
&
&
2
g

80 100 120 140

Accuracy (inches) — are we
meeting the crops needs?
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R2B1 (almond) Summary of R2B1

0.44

inches in last 4 weeks

-1.14

inches in last 2 weeks

2500
Cum. ET (in)
2000 @ Avplied water (in)
Gum. Partial ET (in)
16,00
10.00
500

000 =" —
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Summary of R20B2

25.00
Cum. ET (in)

@ #oied water ()
Gum. Partial ET (n)

2000
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Precision vs Accuracy in irrigation

Precision — A farm must
be able to followa plan A
(tight cluster) =

Accuracy — Feedback
from sensors and yield
data help accurately
tune the plan (bullseye)
for the most “crop per
drop”

PRECISION

ACCURACY



Precision: value for farms large and small

Precision report is not just for large farms: it triggers important
conversations with smaller organizations to improve farming
practices and gain efficiency in the future (example below)

Farms with extensive automation will still benefit from precision
reporting: irrigation events are paused/canceled in the field

All farms benefit from greater visibility within the organization

Evolution of precision of irrigation after management and field crew started to review report

Fertility Heavyrain Pesticide
application inMay application




Answers, not just data

Optimize your water and energy.
Grow better foed.

PowWow provides a farming decision-support tool that leverages machine learning to
solve practical problems in agriculture. It is perfectly suited for growers whoe want to
increase their profit margins and pass asustainable farm onto the next generation.
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