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Water Management and Efficiency
Almond Irrigation Improvement Continuum

« Water Management and Efficiency

— One of four key components of the
Accelerated Innovation Management (AIM)
program adopted by Almond Board of
California’s (ABC) Board of Directors.

SUSTAINABLE

— California experts noted there were a range WATER

EFFICIENCY RESOURCES

of tools growers could be implementing
without wholly new technologies.

— Focuses on accelerating almond grower
adoption of research based, commercially o
available, and increasingly water efficient
irrigation management and scheduling tools.

— An Almond Irrigation Improvement
Continuum has been developed to describe
the steps of this transition.




I Almond Irrigation Improvement Continuum

» Three proficiency levels

— Level 1.0 (minimum) outlines research-based irrigation management practices that are within reach for all
California Almond growers. (Room 310 — 311)

— Level 2.0 (intermediate) and level 3.0 (advanced) advance practices to more sophisticated levels that attain even
more “crop per drop.”

— Comprehensive program of irrigation management and scheduling

practices in five key areas

Assessing irrigation system performance and efficiency regularly
Estimating orchard water requirements based on evapotranspiration
Determining the water applied

Evaluating soil moisture
Evaluating plant water status

» Guidance on how to effectively integrate the practices at each level
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Almond Irrigation Improvement Continuum
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Use the proficiency kevels and guidance below to adopt good imigation water management (IVWi) practices for almonds. Each level of the Almond lmigation Improvement Continuum will provide the

Orchard Water Requirements

tools necessary to obtain measurements needed to best schedule and manage almond irigation.

Estimate orchard water requirements
using “normal year” regional ETc to
estimate irrigation demand on a monthly
time step.

Estimate orchard water requirements
using “normal year” regional ETc —
adjusting for current weather and cover
crop use on a bi-weekly time step.

Estimate orchard water requirements
using “normal year” regional ETc to plan
irrigations then use real time ETc data to
correct the schedule on a weekly time
step.

Irrigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Cormeact any
diagnosed system performance
problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 3 years.
Correct any diagnosed system
performance problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 2 years.
Correct any diagnosed system
performance problems.

Applied Water

Use application rate and duration of
irmigation to determine water applied.

Use water meters to determine flow rate
and water applied.

Use water meters to determine applied
water and compare to crop water use
(ETc, evapotranspiration) to determine
irrigation efficiency.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Use manually operated soil moisture
sensors to at least 3-5 feet and monitor
on a bi-weekly time step. Use
information to ensure calculated water is
not overfunder imigating trees.

Use automated moisture sensors that
store data over time. Review weekly
to ensure calculated water is not
overflunder irrigating trees.

Plant Water Status

Integrating Irrigation VWater
Management WM Practices

Evaluate orchard water status using
visual plant cues just prior to imigation
or on a bi-weekly time step.

Combine irrigation system performance
data with "normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger andfor
monitor plant water status to wverify
scheduling.

0 z & 3 cepi

Use pressure chamber to measure
midday stem water potential just prior to
irrigation on a monthly time step. Ensure
calculated water applications are not
overfunder immigating trees.

Use irrigation system performance
data with regional estimates of “normal
year” ETc to schedule irrigations and
adjust based on feedback from
monitoring soil moisture or crop water
status.

Use pressure chamber to measure
midday stem water potential prior to
irmigation on a weekly time step. Ensure
calculated water applications are not
overfunder irrigating trees. Use it to
assess when to start irrigating.

Develop an irrigation schedule based
on predicted "“normal year” demand,
maonitor status using soil and plant
based methods. Adjust irrigation
schedule with real-time ETc as the
season progresses.




I Almond Irrigation Improvement Continuum Outreach

» The Almond Board’s objective is to assist all almond growers in meeting level 1.0 proficiency
« Beyond this, to work with growers to progress along the continuum to levels 2.0 and 3.0 proficiency

» This will be done in partnership with the many trusted and respected technical experts and resources
available to California Almonds

— University of California Cooperative Extension

— USDANRCS, RCD’s

CSU Fresno, Cal Poly SLO, CSU CHICO, Modesto Junior College
CDFA SWEEP Program

Private companies and services, irrigation districts, and others

» Adoption will be assessed via the AImond Sustainability Program and Basic Irrigation Assessment

» Ebook version of Irrigation Continuum 1.0 is available online at hitp://www.almonds.com/irrigation

* One Pagers
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] Almond Irrigation Improvement Continuum

« Step-by-step approach to provide almond growers with the
Irrigation water management information to improve their
Irrigation practices.

«  Provide the information in one, easy-to-access, location — the ABC
website.

«  Start easy and then build on that.



Almond Irrigation Improvement Continuum
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Use the proficiency levels and guidance below to adopt good imigation water management (W) practices for almonds. Each level of the Almond Irigation Improvement Continuum will provide the

Measurement

Orchard Water Requirements

tools necessary to obtain measurements needed to best schedule and manage almond irrigation.

1.0 Minimum

Estimate orchard water requirements
using “normal year™ regional ETc to
estimate irigation demand on a monthly
time step.

2.0 Intermediate

Estimate orchard water requirements
using “normal year” regional ETc —
adjusting for current weather and cover
crop use on a bi-weekly time step.

3.0 Advanced

Estimate orchard water requirements
using "normal year” regional ETc to plan
irmigations then use real time ETc data to
correct the schedule on a weekly time
step.

Irrigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Cormrect any
diagnosed system performance
problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 3 years.
Correct any diagnosed system
performance problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 2 years.
Correct any diagnosed system
performance problems.

Applied \Water

Use application rate and duration of
irrigation to determine water applied.

Use water meters to determine flow rate
and water applied.

Use water meters to determine applied
water and compare to crop water use
(ETc, evapotranspiration) to determine
irrigation efficiency.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feel. Monitor on a monthly time step.

Use manually operated soil moisture
sensors to at least 3-5 feet and monitor
on a bi-weekly time step. Use
information to ensure calculated water is
not over/under irigating trees.

Use automated moisture sensors that
store data over time. Review weekly
to ensure calculated water is not
over/under immigating trees.

Plant Water Status

Integrating Irrigation Water
Management WM Practices

Evaluate orchard water status using
visual plant cues just prior to irrigation
or on a bi-weekly time step.

Combine irrigation system performance
data with "normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
monitor plant water status to verify
scheduling.

Use pressure chamber to measure
midday stem water potential just prior to
irrigation on a monthly time step. Ensure
calculated water applications are not
over/under irrigating trees.

Use irrigation system performance
data with regional estimates of “normal
year” ETc to schedule irrigations and
adjust based on feedback from
monitoring soil moisture or crop water
status.

ent and subsequent mana

Use pressure chamber to measure
midday stem water potential prior to
irrigation on a weekly time step. Ensure
calculated water applications are not
overfunder irrigating trees. Use it to
assess when to start irrigating.

Develop an irrigation schedule based
on predicted "normal year” demand,
monitor status using soil and plant
based methods. Adjust irrigation
schedule with real-time ETc as the
S2ason progresses.
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Almond Irrigation Improvement Continuum
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Use the proficiency levels and guidance below to adopt good imigation water

Orchard Water Requirements

it (W) for

tools to obtain

Estimate orchard water requirements
using “normal year™ regional ETc to
estimate irigation demand on a monthly
time step.

Estimate orchard water requirements
using “normal year” regional ETc —
adjusting for current weather and cover
crop use on a bi-weekly time step.

Each level of the Almond lrigation Improvement Continuum will provide the
its needed to best schedule and manage almond imigation.

0 Advanced

Estimate orchard water requirements
using “normal year” regional ETc to plan
irrigations then use real time ETc data to
correct the schedule on a weekly time
step.

Irigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Cormect any
diagnosed system performance
problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 3 years.
Correct any diagnosed system
performance problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 2 years.
Correct any diagnosed system
performance problems.

Applied Water

Use application rate and duration of
irrigation to determine water applied.

Use water meters to determine flow rate
and water applied.

Use water meters to determine applied
water and compare to crop water use
(ETe, evapotranspiration) to determine
imigation efficiency.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Use manually operated soil moisture
sensors to at least 3-5 feet and monitor
on a bi-weekly time step. Use
information to ensure calculated water is
not overfunder irigating trees

Use automated moisture sensors that
store data over time. Review weekly
to ensure calculated water is not
overfunder imigating trees.

Plant Water Status

Integrating Irrigation Water
Manag it IWM Practi

Evaluate orchard water status using
visual plant cues just prior to irrigation
or on a bi-weekly time step.

Combine irrigation system performance
data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
monitor plant water status to verify

Use pressure chamber to measure
midday stem water potential just prior to
irrigation on a monthly time step. Ensure
calculated water applications are not
over/under imigating trees.

Use irrigation system performance
data with regional estimates of “normal
year" ETc to schedule irrigations and
adjust based on feedback from
monitoring soil moisture or crop water
status.

Use pressure chamber to measure
midday stem water potential prior to
imigation on a weekly time step. Ensure
calculated water applications are not
over/under irrigating trees. Use it to
assess when to start irigating.

Develop an irrigation schedule based
on predicted “normal year” demand,
monitor status using soil and plant
based methods. Adjust irrigation
schedule with real-time ETc as the
Season progresses.

jon of this continuum

iaining how that ement and subsequent man:

*A web version of this continuum is in development (Almonds.com/IrrigationContinuum) and will feature in depth information for each of the boxes above explaining how that step can be achieved.
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ll Big Picture — What do you need to manage
Irrigation water?

« Know how much water you need to apply and when.

« Know your irrigation system so you can determine how long
(and often) you need to operate your system.

« Tools to check to see how you are doing.



Almond Irrigation Improvement Continuum
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Use the proficiency levels and guidance below to adopt good imigation water management (IVVM) practices for aimonds. Each level of the Almond Irigation Improvement Continuum will provide the

Measurement

Orchard Water Requirements

tools necessary to obtain measurements needed to best schedule and manage almond irigation.

1.0 Minimum

Estimate orchard water requirements
using “normal year” regional ETc to
estimate irrigation demand on a monthly
time step.

2.0 Intermediate

Estimate orchard water requirements
using "normal year” regional ETc —
adjusting for current weather and cover
crop use on a bi-weekly time step.

3.0 Advanced

Estimate orchard water requirements
using "normal year” regional ETc to plan
irmigations then use real time ETc data to
correct the schedule on a weekly time
step.

Irrigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Correct any

Assess distribution uniformity and
average application rate by measuring
water volume at least every 3 years.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 2 years.

diagnosed system performance Correct any diagnosed system Correct any diagnosed system
problems. performance problems. performance problems.
Applied Water Use application rate and duration of Use water meters to determine flow rate Use water meters to determine applied
irmgation to determine water applied. and water applied. water and compare to crop water use
(ETc, evapotranspiration) to determine
irmigation efficiency.
Soil Moisture Evaluate soil moisture based upon feel Use manually operated soil moisture Use automated moisture sensors that
and appearance by augering to at least sensors to at least 3-5 feet and monitor store data over time. Review weekly
3-5 feet. Monitor on a monthly time step. on a bi-weekly time step. Use to ensure calculated water is not
information to ensure calculated water is overfunder irrigating trees.
not over/under irrigating trees.
Plant Water Status Evaluate orchard water status using Use pressure chamber to measure Use pressure chamber to measure

Management

Integrating Irrigation VWater
Management WM Practices

m ks in development (A

visual plant cues just prior to imrigation
or on a bi-weekly time step.

Combine imigation system performance
data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
monitor plant water status to verify
scheduling.

onbinuum}y and will feature in gepth information for esch of the boxes

midday stem water potential just prior to
irrigation on a monthly time step. Ensure
calculated water applications are not
over/under irrigating trees.

Use irrigation system performance
data with regional estimates of “normal
year" ETc to schedule irrigations and
adjust based on feedback from
monitoring soil moisture or crop water
status.

midday stem water potential prior to
irmigation on a weekly time step. Ensure
calculated water applications are not
overfunder irrigating trees. Use it to
assess when to start irrigating.

Develop an irrigation schedule based
on predicted "normal year” demand,
monitor status using soil and plant
based methods. Adjust irrigation
schedule with real-time ETc as the
Season progresses.

Haining how that measurement and subseque
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Almond Irrigation Improvement Continuum
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Use the proficiency levels and guidance below to adopt good |rr|gat|an water management (IV\M) practices for almonds. Each level of the Almand Irigation Improvement Continuum will provide the

Measurement

Orchard Water Requirements

Gy ats needed o best schedule and manage almond irigation.

1.0 Minimum

Estimate orchard water requirements
using “normal year” regional ETc to
estimate irrigation demand on a monthly
time step.

2.0 Intermediate

Estimate orchard water requirements
using “normal year” regional ETc —
adjusting for current weather and cover
crop use on a bi-weekly time step.

3.0 Advanced

Estimate orchard water requirements
using "normal year” regional ETc to plan
irmigations then use real time ETc data to
correct the schedule on a weekly time
step.

Irrigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Correct any

Assess distribution uniformity and
average application rate by measuring
water volume at least every 3 years.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 2 years.

diagnosed system performance Correct any diagnosed system Correct any diagnosed system
problems. performance problems. performance problems.
Applied Water Use application rate and duration of Use water meters to determine flow rate Use water meters to determine applied
irmgation to determine water applied. and water applied. water and compare to crop water use
(ETc, evapotranspiration) to determine
irmigation efficiency.
Soil Moisture Evaluate soil moisture based upon feel Use manually operated soil moisture Use automated moisture sensors that
and appearance by augering to at least sensors to at least 3-5 feet and monitor store data over time. Review weekly
3-5 feet. Monitor on a monthly time step. on a bi-weekly time step. Use to ensure calculated water is not
information to ensure calculated water is overfunder irrigating trees.
not over/under irigating trees.
Plant Water Status Evaluate orchard water status using Use pressure chamber to measure Use pressure chamber to measure

Integrating Irrigation VWater
Management WM Practices

visual plant cues just prior to imrigation
or on a bi-weekly time step.

Combine imigation system performance

data with “normal year” regional ETc to

determine orchard-specific water

requirements and schedule irrigations.

Check soil moisture with an auger and/or

monitor plant water status to verify
heduling.

onbinuum}y and will feature in gepth information for esch of the boxes

midday stem water potential just prior to
irrigation on a monthly time step. Ensure
calculated water applications are not
over/under irrigating trees.

Use irrigation system performance
data with regional estimates of “normal
year" ETc to schedule irrigations and
adjust based on feedback from
monitoring soil moisture or crop water
status.

midday stem water potential prior to
irmigation on a weekly time step. Ensure
calculated water applications are not
overfunder irrigating trees. Use it to
assess when to start irrigating.

Develop an irrigation schedule based
on predicted "normal year” demand,
monitor status using soil and plant
based methods. Adjust irrigation
schedule with real-time ETc as the
Season progresses.

Haining how that measurement and subseque
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Measurement 1.0 Minimum

I Orchard Water Requirements

Estimate orchard water requirements
using “nommal year” regional ETc to
estimate irrigation demand on a monthly
time step.

Irigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at

least once every 3 years. Correct any
diagnosed system performance
problems.

Combine irrigation system performance

Applied Water

data with "normal y&ar regional ET¢C 0

determine orchard-specific water
requirements and schedule irrigations.

Use application rate and duration of
irrigation to determine water applied.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Check soil moisture with an auger and/or
monitor plant water status to verify

Plant Water Status

scheduling.

Evaluate orchard water status using
visual plant cues just prior to irrigation
or on a bi-weekly time step.

Integrating Irrigation Water
Management WM Practices

Combine irrigation system performance
data with "normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
maonitor plant water status to verify

as pdf documents.

scheduling.

All Level 1.0 information is now available

¢ aliforni
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Measurement

Orchard Water Requirements

1.0 Minimum

Estimate orchard water requirements
using “normal year™ regional ETc to

estimate irrigation demand on a monthly
time step.

Irigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Cormrect any
diagnosed system performance

Applied \Water Use application rate and durafion of
irrigation to determine water applied.

Soil Moisture Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Plant Water Status Evaluate orchard water status using

visual plant cues just prior to irmigation
or on a bi-weekly time step.

Integrating Irrigation \Water
Management WM Practices

Combine immigation system performance
data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
monitor plant water status to verify
scheduling.

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Comect any
diagnosed system performance
problems.

Use application rate and duration of
irrigation to determine water applied.

¢ -alifornia
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Measurement 1.0 Minimum

Orchard Water Reguirements

Estimate orchard water requirements
using “normal year™ regional ETc to
estimate irrigation demand on a monthly
time step.

Irigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Comrect any
diagnosed system performance
problems.

Applied Water

Use application rate and duration of
irmigation to determine water applied.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Plant Water Status

Evaluate orchard water status using
visual plant cues just prior to irrigation
or on a bi-weekly time step.

Integrating Irrigation Water
Management IWM Practices

Combine irrigation system performance
data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/for
maonitor plant water status to verify
scheduling.

Combine imigation system performance
data with "normal year” regional ETc to

determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
monitor plant water status to verify
scheduling.

¢ aliforni
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Orchard Water Requirements

Estimate orchard water requirements
using “normal year” regional ETc to
estimate imrigation demand on a monthly
time step.

Irrigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Correct any
diagnosed system performance
problems.

Applied Water

Use application rate and duration of
irrigation to determine water applied.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Plant Water Status

Evaluate orchard water status using
visual plant cues just prior to irrigation
or on a bi-weekly time step.

Integrating Irrigation VWater
Management WM Practices

scheduling.

Combine irrigation system performance
data with "normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
menitor plant water status to verify

Estimate orchard water requirements
using “normal year regional ETc to
estimate imrigation demand on a monthly
time step.

¢ aliforni
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Measurement 1.0 Minimum

Orchard Water Reguirements Estimate orchard water requirements
using “normal year” regional ETc to
estimate irigation demand on a monthly
time step.

Irrigation System Performance Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Comrect any
diagnosed system performance
problems.

ied \Water Use application rate and duration of
PP
irmigation to determine water applied.

Combine irrigation system performance
Soil Moisture Evaluate soil moisture based upon feel g i g
and appearance by augering to at least data with "normal year” regional ETc to
3-5 feet. Monitor on a monthly time step. s :
determine orchard-specific water
requirements and schedule irrigations.

Plant Water Status Evaluate orchard water status using

visual plant cues just prior to irigation EhEEH Eﬂil I'I‘I-DiS’[l.ll‘E 'H‘ﬂth =1 EII..II_IlEr H"d.lrﬂr

or on a bi-weekly time step. . -
monitor plant water status to verify
scheduling.

Management

Integrating Irrigation Water Combine imigation system performance
Management IWM Practices data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger andfor
maonitor plant water status to verify (, california

scheduling. a mondS
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Measurement 1.0 Minimum

Orchard Water Requirements

Estimate orchard water requirements
using “normal year” regional ETc to
estimate irmigation demand on a monthly
time step.

Irigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Comect any
diagnosed system performance
problems.

Applied Water

Use application rate and duration of
irrigation to determine water applied.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Plant Water Status

Evaluate orchard water status using
visual plant cues just prior to irigation
or on a bi-weekly time step.

Integrating Irrigation Water
Management WM Practices

Combine irrigation system performance
data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger andfor
monitor plant water status fo verify
scheduling.

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

L/ -alifornia
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Almond Irrigation Improvement Continuum
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Use the proficiency levels and guidance below to adopt good imigation water management (IVVM) practices for aimonds. Each level of the Almond Irigation Improvement Continuum will provide the

MeEasurement

Orchard Water Requirements

tools necessary to obtain measurements needed to best schedule and manage almond irigation.

.U Minimum

Estimate orchard water requirements
using “normal year” regional ETc to
estimate irrigation demand on a monthly
time step.

LU lnermeaidoe

Estimate orchard water requirements
using "normal year” regional ETc —
adjusting for current weather and cover
crop use on a bi-weekly time step.

.U Advancea

Estimate orchard water requirements
using "normal year” regional ETc to plan
irmigations then use real time ETc data to
correct the schedule on a weekly time

step

Irrigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Correct any

Assess distribution uniformity and
average application rate by measuring
water volume at least every 3 years.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 2 years.

diagnosed system performance Correct any diagnosed system Correct any diagnosed system
problems. performance problems. performance problems.
Applied Water Use application rate and duration of Use water meters to determine flow rate Use water meters to determine applied
irmgation to determine water applied. and water applied. water and compare to crop water use
(ETc, evapotranspiration) to determine
irmigation efficiency.
Soil Moisture Evaluate soil moisture based upon feel Use manually operated soil moisture Use automated moisture sensors that
and appearance by augering to at least sensors to at least 3-5 feet and monitor store data over time. Review weekly
3-5 feet. Monitor on a monthly time step. on a bi-weekly time step. Use to ensure calculated water is not
information to ensure calculated water is overfunder irrigating trees.
not over/under irrigating trees.
Plant Water Status Evaluate orchard water status using Use pressure chamber to measure Use pressure chamber to measure

Integrating Irrigation VWater
Management WM Practices

m ks in development (A

visual plant cues just prior to imrigation
or on a bi-weekly time step.

Combine imigation system performance
data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger and/or
monitor plant water status to verify
scheduling.

onbinuum}y and will feature in gepth information for esch of the boxes

midday stem water potential just prior to
irrigation on a monthly time step. Ensure
calculated water applications are not
over/under irrigating trees.

Use irrigation system performance
data with regional estimates of “normal
year" ETc to schedule irrigations and
adjust based on feedback from
monitoring soil moisture or crop water
status.

midday stem water potential prior to
irmigation on a weekly time step. Ensure
calculated water applications are not
overfunder irrigating trees. Use it to
assess when to start irrigating.

Develop an irrigation schedule based
on predicted "normal year” demand,
monitor status using soil and plant
based methods. Adjust irrigation
schedule with real-time ETc as the
Season progresses.

Haining how that measurement and subseque
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Measurement 1.0 Minimum 2.0 Intermediate 3.0 Advanced
Orchard Water Requirements Estimate orchard water requirements Estimate orchard water requirements Estimate orchard water requirements
using “normal year regional ETc to using “normal year regional ETc - using ‘normal year" regional ETc to plan
estimate imigation demand on a monthly  adjusting for current weather and cover imgations then use real time ETc data to
time step. crop use on a bi-weekly time step. correct the schedule on a weekly time
step.
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I Irrigation Calculator
Almond Conference 2016
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I ET Reference Chart
o

IRRIGATION SCHEDULING USING EVAPOTRANSPIRATION
(ET)

Understanding the changing demand of almond frees based on water use by evapoiranspiration, or
ET. is a first step toward optimum irrigation scheduling. ET scheduling accounts for the loss of water
through soil surface evaporation and transpiration through openings in the leaves. In almonds, ET will
change throughout the year according to weather {e.g., heat and humidity impact evaporation) and
time of year or crop stage (e.g., lower leaf surface in early season equals lower transpiration).

Crop Warer Use (ETc) = Reference Evaporartion (ETo) x Crop Coefficient {Kc)

ETc (almond water use) in inches of water can be time-framed to the day, week, month, or season in
order to assess the orchard’s water requirements for imigation scheduling purposes.
ETo (reference ET) information is available from a variety of sources, but most well-known is the

California Department of Water Resources’ CIMIS network of mearly 100 California weather stations
that provide daily reference evapotranspiration values (www.cimis.water.ca.gov).

Thirty-year average evapotranspiration reference rates (ETo)" and almond (ETc) for several CIMIS
zones within almond-producing areas of California (adapted from UC ANR Pub. 8515)
Zone 12° Zone 147 Zone 15° Zone 167

Lo ETo ETc ETo ETc ETo ETc ETo ETc
Jan 04 1.24 0.5 1.55 082 1.24 as 1.55 082
Feb 041 1.896 0381 224 082 224 092 252 1.04
Mar 0.62 3.41 2.11 3.72 23 3.72 23 203 240
Apr 0.2 5.1 400 5.1 408 5.7 4.57 5.7 .57
May 0.94 8.82 B8.44 a.82 .44 7.a44 v.0z TS 7.31
Jun 1.05 7.8 S 7.8 B2 £.1 8.51 8.7 .14
Jul 1.11 2.08 2.93 =628 o.81 8.68 o.61 0.3 10.2
Aug 1.11 7.13 7.0 7.75 8.59 7.75 8.58 8.37 o.28
Sep 1.068 5.4 573 57 6.05 57 6.05 8.3 868
oot 0.92 a7z 341 4.03 EX-T) 4.03 3.60 434 3.97
Mowv o.60 12 1.23 2.1 1.44 2.1 1.44 2.4 184
Dec 043 093 0.4 1.55 068 1.24 0.53 1.55 0866
Totals {in}
Yearky 48 .75 5281 53.73 5770

* Marmal year evapatranspiration of unstressed grass [referencs orop, ETa) 30-year CIMES average for the fesp e zone.
2 Evapotrans piation rales for almonds wers calcudated by maltiphing ETo by the crop coefficent (Ko

2 Almand crop cosfcient (UG ANR Pub. BS15)

4 Zone 12 ETo rates from Chico, Fresno, Madera, Merced, Modesso, and Visalia.

= Zore 14 ETor rates from Mewman, Red Bluff, and W.oodkand

© Zone 15 ETo rates from Bakersfisld, Los Banos and westside San Jaaquin Valley.

T Zone 16 ETo rates from Coslinga and Hanford.
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HELLO, GROWERS

Haven't signed up for The Almond Conference yet? Don't wait! Save time. save yourself from
standing in line and save a seat at the table by going online to register and to reserve your meal
tickets for The Almond Conference. Dec. 6-8. at the Sacramento Convention Center. If you wait
to register in Sacramento. you'll be taking a chance that all meal events will be sold out. Online
registration closes at noon. Wednesday. Nov. 30

B WHAT'S THE LATEST2

> Almond Spatial Mapping Highlighted During Conference Session
- Proposed New Rules Would Severely Restrict Pesticide Applications Near School Sites
> Interactive Almond Conference Program Now Online

Ed OFFICIAL ALMOND BLOG

> Adopting and Protecting the Mediterranean Diet
Here Are Some Basics About Almond Milk

> ABC Represents the Almond Community at 2016 Farm Tank Summit
NEW NUTRITION FACTS ABOUT ALMONDS...BETCHA DIDN'T KNOW

=il POSITION REPORTS

Download the latest Position Report for detailed information on
.s R See Reports

ALMOND ALMANAC

Looking for the almond
industry go-to guide when it
comes to comprehensive
historical information about
almond production. acreage
and varieties. as well as
shipment and market
information? The Almond
Almanac has all this and
more.

Q FIND A
PROCESSOR/HANDLER
Interested in contacting an almond

processor/supplier? Go

N4 ARE YOU ON THE LIST2

Sign up for our bi-monthly newsletter, California
Aimonds Outlock, to receive the latest
information on management techniques.
programs and events.

Sign Up
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Almond Board of California



(. California Almonds - Ge: X

< C | ® www.almonds.com/irrigation®tc-

IN THE ORCHARD

IRRIGATION ALMORND . ORCHARD GRANTS FOR
S MANAGEMENT NGRS HARVEST EOLHE IS DEVELOPMENT GROWERS
o
\ IRRIGATION IRRIGATION IMPROVEMENT CONTINUUM
IMPROVEMENT »
CONTINUUM - - ; 7

WATER SUPPLY

WATER QUALITY

- Measuring irrigation system performance and efficiency

- Estimating orchard water requirements based on evapotranspirtation
- Detrmining the water applied

= Evaluating soil moisture

- Evaluating plant water status

University of California Division of Agriculture and Natural Resources Cooperative Extension.

1.0

The Continuum Level 1.0 outlines irrigation management practices that are within reach for all California
Almond growers. It is available as a downloadable PDF and coming soon is an EPUB to read on an iBook or
other digital reader app

In addition to the manual. there are one page summary documents from sections within the manual

Limited water supplies — with or without the California drought — are a reality. Almond Board of California has invested heavily in the area of water
irrigation strategies and technologies that conserve water while optimizing almond production and tree health. as well as in ways to protect ground-and
surface-water from potential runoff or leaching of grower inputs.

One of these investments is the Almond Irrigation Improvement Continuum; a comprehensive manual of irrigation management and scheduling
practices. Recognizing that growers may be operating at different stages of irrigation efficiency. the Continuum provides information at three proficiency
levels (1.0, 2.0 and 3.0). each covering the following concepts and how to execute and effectively integrate them:

The Irrigation Continuum was developed in partnership with the many trusted and respected technical experts and resources available, such as

ALMOND
IRRIGATION
IMPROVEMENT
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2.0 and 3.0

While the above tools are available now. development of the Continuum continues with respected irrigation experts to build out levels 2.0 and 3.0.

The Continuum Level 2.0 consists of more intermediate level practices and Level 3.0 address practices at more sophisticated levels to attain even more
crop per drop.” As Level 2.0 and 3.0 manuals are developed, they will be published on this web page.

Why is Irrigation Improvement a Priority?

In 2015, Almond Board of California’s (ABC) Board of Directors adopted Water Management and Efficiency as one of four key components of the
Accelerated Innovation Management (AllM) program. ABC has long been a research-based organization and will continue to support traditional
research and sustainability initiatives, but is now placing greater emphasis on the innovative almond farming practices that will be required to meet the
future needs of the California almond industry, as well as the consumer, the community and the planet.

The Water Management and Efficiency initiative focuses on accelerating almond grower transition and adoption of research based. commercially
available, and increasingly water efficient irrigation management and scheduling tools.

rrigation Calculator

The Irrigation Calculator suppgfs the practices in the Irrigation Continuum and generates irrigation run time schedules that advise the amount and

el I rioations b ==®h local evapotranspiration and information about your individual orchard and irrigation system. Linked to your nearest CIMIS
station. this tool automatically integrates current weather information, allowing you to better calculate your orchard's irrigation water requirement. The
tool can be accessed on the California Almond Sustainability Program website and is referenced throughout Almond Irrigation Continuum 1.0

The scheduling tool stores data by orchard block, making updates easy as information changes. It's also completely private — information is not shared
with anyone. Data entered into the Irrigation Calculator can be saved and updated as necessary. All almond growers can use the Calculator to create
irrigation schedules. but must be participants in the California Almond Sustainability Program for the data storage aspect. which saves the need to
reenter all the data when making revisions during the growing season. Data can be printed or displayed as a PDF file. or exported into a database.

Hullsplit Strategic Deficit Irrigation

Almond trees can tolerate moderate drought stress from the completion of kernel fill to 90% hullsplit without risk of crop loss or long-term yield effects.
Moderate water stress at this time provides three additional benefits: 1) lower potential for hull rot: 2) a more uniform hullsplit. leading to an earlier
harvest, when crop damage from rainfall is less likely: and 3) an earlier harvest. all of which can help minimize crop exposure to late-season navel
orangeworm flights and potential aflatoxin contamination.

Additional Resources

« Calffornia Agriculture: Reqgulated deficit irrigation reduces water use of almonds without affecting vield
= UC ANR Publication: Using the pressure Chamber for Irigation Management in Almonds

(Y californi
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www.almonds.com says:

« Determining When to BH
: : : The site you are transferring to is not hosted by the Almond Board of
» lrrigation Scheduling Usf - =" 0 er by a valued 3rd party information source. This link
« Almond Sallnlty Hazard has been provided solely as a convenience to you, but the Almond Board
of California cannot assume responsibility for the accuracy, quality, safety,
« What to Consider Beford or nature of the content throughout the linked site.

Click Ckay to continue to the requested site, or click Cancel to returprfo
your most recently viewed Almond Board page.

Prevent this page from creating additional dialogs.
Cancel

2.0 and 3.0

While the above tools are availapre now,; ueveroprmentor me conunuun conunues wiut respected irrigation experts to build out levels 2.0 and 3.0.

The Continuum Level 2.0 consists of more intermediate level practices and Level 3.0 address practices at more sophisticated levels to attain even more
“crop per drop.” As Level 2.0 and 3.0 manuals are developed, they will be published on this web page.

Why is Irrigation Improvement a Priority?

In 2015, Almond Board of California’s (ABC) Board of Directors adopted Water Management and Efficiency as one of four key components of the
Accelerated Innovation Management (AIM) program. ABC has long been a research-based organization and will continue to support traditional research
and sustainability initiatives, but is now placing greater emphasis on the innovative almond farming practices that will be required to meet the future needs
of the California almond industry, as well as the consumer, the community and the planet.

The Water Management and Efficiency initiative focuses on accelerating almond grower transition and adoption of research based, commercially available
and increasingly water efficient irrigation management and scheduling tools.

Irrigation Calculator

The Irrigation Calculator supports the practices in the Irrigation Continuum and generates irrigation run time schedules that advise the amount and timing
of irrigations based on local evapotranspiration and information about your individual orchard and irrigation system. Linked to your nearest CIMIS station,
this tool automatically integrates current weather information, allowing you to better calculate your orchard’s irrigation water requirement. The tool can be
accessed on the California Almond Sustainability Program website and is referenced throughout Almond Irrigation Continuum 1.0.
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California Almonds - Get Almond Irrigation Management Techniques P

it

Home

Monday. November 14, 2016

Password: [ ---------- I

-~/ Remember Login . .
VIDEO —>

New User - Sign Up

Forgot Username

Forgot Password

LEARN MORE —>

About
Almond Nitrogen

Budgeting
LEARN MORE —>

Copyright ® 2011-2016, SureHarvest All Rights Reserved. Website Technology by JVF Consulting.
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Home Events Assessmenis -~ N Calculator ~ Irrigation Caiculator
Welcome back Spencer cooper! (v1.8.1) & Provide Feedback | Need Help? | Logout

No Events found

Monday. November 14, 2016

& Quick Links
£, Manage Spencer cooper's Profile
WS Assessments NEW Irrigation Calculator
s Goto Assessments
@ Clone Assessments CASP irrigation Caclulator automates CIMIS data downloads to caclulate weekly
@ Tools
%" Add an Orchard
W View N Budgets
® Add N Budget
&S] Goto Maps
& View Irrigation Schedules
Q¢ Add Irrigation Schedule
~_ Education Content
& Search Education Content
@ Help To see how. open the tool or check out the irrigation calculator user guide
L Getting Started Guide
L] N-Budget Guide . )
Nitrogen Budgeting and ILRP

W Mapping Guide
Wi Irrigation Calculation Guide Create ILRP: Part D - Farm Map & ILRP: Nitrogen Management Plan

run times to meet Etc.

Irrigation Calculations

Ron tis  Mhaet ETC

LINK to My Maps help LINK to N Budget help
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Home Events Assessmenis -~ N Calculator - Irrigati~—
Monday. November 14, 2016

‘ Add Irrigation Schedule Welcome back Spencer cooper! (v1.8.1) @ Provide Feedback | Need Help? | Logout

View Irrigation Schedules e =
=3 Upcoming Events =

No Events found

& Quick Links

& Manage Spencer cooper's Profile
= Assessments

lls Goto Assessments

fm Clone Assessments CASP irrigation Caclulator automates CIMIS data downloads to caclulate weekly
«| Tools run times to meet Etc.

%" Add an Orchard

W View N Budgets

®. Add N Budget

[ZF] Goto maps

& View Irrigation Schedules

&% Add Irrigation Schedule
“_ Education Content

& Search Education Content
@ Help To see how. open the tool or check out the irrigation calculator user guide

W Getting Started Guide

L N-Budget Guide

Wi Mapping Guide

L Irrigation Calculation Guide Create ILRP: Part D - Farm Map & ILRP: Nitrogen Management Plan

NEW Irrigation Calculator

Irrigation Calculations

Enterod  Run Hrs to
Run Hrs  Mest ETc

217

Nitrogen Budgeting and ILRP

LINK to My Maps help LINK to N Budget help
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Irriaation Scheduler

¢ California Aimonds - Ge® X ) & Add Irrigation Schedule X 2 = x

& C | a

: 2 38 Y o A § i A g & 5t i 3 B2 (/ california

Home Events Assessments N Calculator ~ Irrigation Calculator ~
Monday. November 14, 2016

Welcome back Spencer cooperi! (v1.8.1) @ Provide Feedback | Need Help? | Logout

Irigation Schedule

Provide Feedback | Irrigation Calculation Help

Organization: Almond Board
Crop Year: Enterprise: Almond Board

Orchard: Test

Verify the orchard for which you want to create a schedule. Click the "Create Schedule” button.

. < Select Crop Year ' Create Schedule > .

Copyright © 2011-2016, SureHarvest All Rights Reserved. Website Technology by JVF Consulting.
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Weather Setup

& https.//wwa.sustainablealmondgrowing.org/IrrigationCalculat

Irmigation Calculation Work Flow &

2016 Test

Weather Orchard
Setup Setup

- -

Tab

Use Station associated wi

* Orchard ZIP code: &
95361

T CIMIS Station: &

” Source of ETo data: &«
Spatial CIMIS = CIMIS Statig

alculations

Almond Board

Irrigation
Setup

Weekly Weekly Measured

Run Times

Show Details (PDF)

rrigationSchedule/tabid/211/ctl/Edit/mid,/663 /rrigationMaodelRun_ID,"

/Default.aspx

Frowvide Feedback | Irrigation Calculation Help

Almond Board

Weekly Measured Weekly Observed

Rainfall Soil Moisture Tree Stress

Download Details (C SV File)

Show Summary (PDF)

Calculations =

Week

13 - 1/9
410 - 116
AT - 1F23
124 - 1,30
1/31 - 246
24F - 2M13
2/14 - 2/20
221 - 2/27
2/28 - 3/5
356 - 312
3/13 - 3M19
320 - 326
32T - A2
AI3 - 49
A/10 - 416

AT _ AS23

Rum Hrs
Entered to Meet
Run Hrs ETc

Download Summary (C SV File)

Update
WWeather Data

Depleted

Refresh
Calculations

Entered % Obs
ASM Tree
Depleted Status
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Orchard Setup

California Almonds - Ge: X /' (L' Add Irrigation Schedule >

OPTIOMNAL

Responses fo fems befow are opfional
and do nof change Run Hrs fo Mesf
ETe. Complefing fhem enables

At T3 Rl o calcwiafions for Available Soil Moisfure
[ASM) columns. @

Year Orchard Planted: &
2000
Flanted Acres: w

o0

Soil Texture:

* Row Spacing [fest): @

Wear Orehard Planted: o Medium - Loams, silt loams, sandy v
2000
Planted Acres: g

“ Row Spacing (feet): w

“ Tree Spacing (feet): w
B

Soil Notes: Ery':red Yo
Depleted

“ Mature Orchard w

* Orchard Canopy Cover at
Midday: w

N

21 -

( OPTIONAL
Responses fo fems beiow are optional

and do not change Fun Hrs to Meet

* Tree Spacing (feet): w Effective Rooting Depth [feet): w

C— o —

« Mature Orchard o

Soil Texture: &

Medium - Loams, sift loams, sandy ¥

Soil Notes: &

Irrigation System Subsurface Wetted
* Orehard Canopy Cover at YVolume: &@

Midday: w
-
[es = | n

Awvailable Soil Moisture (A SM)
Depletion Alert (&) o

| 50 e

Effective Rooting Depth (feet): &
z

Irrigation System Subsurface Wetted
lume: @

Available Soil Moisture (A SM)
Depletion Alert (%} &
= =

* denofes reguired for calcwlsfions
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Weekly Weekly Measured | Weekly Measured
Run Times Rawnfall Soil Moisture

Weekly Observed

Tree Stress

17%
41%

T4%

Enter the irrigation system run time in
hours for each week. &

4110 - 16

13- 19

1/10 - 1116 1710 - 1116 - 424—4-!'3[}
17T - 1723 117 - 123
1/24 - 1/30 1/24 - 130
31 - 216 11 =e 508 - 514
o e 2 - 515 - 5121
5014 290 - 1 2114 - 2120 2
== B
2021 - 2127 Lol =2 527 _ 528
228 - 35
2428 - 35
. 306 - 312 529 - G4
36 - W12
313 - 319
313 - 319 - LT |

320 - 326

Week Run time (hours) - AMT - 423
’7 13 -

a1 - ST

2T - 42
327 - 42
43 - 49

am-am (18
4/10 - 416
410- 416 |18
4017 - 423
417 - 423 |18 a4 - ar30
424 - 430 |2a e
5/1-57 |24 =8 =14
S/8- 514 |18 m =
5/15- 521 |36 529 _ 528
522 _5/28 |4z 5129 - 614
ng &4 |32 &5 - 611

&5 - 61 | 4z &M2 - 618

enz-ema |38 | 6118 - G125 - - & california
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Weeklv Measured Rainfall

c B https://www.sustainablealmondgrowing.org/IrrigationCalcula

wrigation Calculation Work Flow &

2016 Test

) Orchard
Setup

= Previous

Tab —

WSS Enter the measured rainfall in inches. @

T the measured rair

Week Rair
w3-we [0z
110 - 1716 ’7
AT - 123 ’_
124- 130 [1
1431 - 246 ’ﬁ
27-213 [05
2114 - 2720 ’7
2921 - 2027 ’E
228-35 [
36 - 312 ’ﬁ
s3-3e [
320 - 326 ’E
327 - 4/2

43 - 4i9
410 - 416
417 - 4i23
424 - 430

T

5i1 - ST

I

Irrigation

Next
Tab

Week
U3 - 19
110 - 116
AT - 123
1424 - 1/30
131 - 26
2T -2M3
2M4 - 220
2021 - 22T
2428 - 35
6 - 32
313 - 319
20 - 26

Almond Board

Measured
Rainfall (inches)

0.25

Weekly
Setup Run Times

r/AddlrrigationSchedule/tabid/211/ctl/Edit/mid/663/IrrigationModelRun_ID/99/Default.aspx

Provide Feedback | Irrigation Calculation Help

Almond Board

Weekly Measured [IRUEETTNY TEEEITE]
Rainfall Soil Moisture

Weekly Observed
Trae Strass

Downldad Summary (C SV File)

Calculations = : o A s asans

Entered % Obs
A ASM Tree
Week Depleted Status
13 - 19
1M0 - 116
AT - 123
124 - 1130
131 - 26
2T - 2M3
2M4 - 220
2121 - 227
228 - 35
3% - M2
3M3-3M19
320 - 326

32T - 42
135
1.3
X
157

17.0 & california
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Weekly Measured Soil Moisture

Imigation Calculation Work Flow &

Provide Feedback [ Irrigation Calculation Help

2016 Test Almond Board Almond Board

Weather ) Orchard Irrigation Weekly Weekly Measured Weekly Measured Weekly Observed
Setup Setup Setup Run Times Rainfall Soil Moisture Tree Stress

m Reports
< Previous Next >
Tab . 4 Tab
ke
Enter the measured available soil
meoisture (ASM) depleted (%). @ = Update Refresh
Calculations = Weather Data Calculations
Entered % Obs
ASM Tree
Week (%) ASM Depleted Week Depleted Depleted Status

1/3 - 1/9 13 - 1/9 0%

110 - 1116 A1M10 - 1116
1117 - 1523 AT - 1/23
1,24 - 1/30 1/24 - 1/30

1431 - 256 1,31 - 2/6

2/F - 2113 2/7 - 2/M13
2514 - 2/20 2M4 - 2/20
2421 - 2/27 2021 - 2/27F

2428 - 3/5 2/28 - 3/5

346 - 312 36 - 312
313 - 3119 3113 - 3119
3/20 - 3526 3720 - 3/26

32T - Ar2 25| | 32T - Ar2

arm—are [ ] 4/3 - ar9

A510 - 416 A4M10 — 45116 . ~
almonds

Almond Board of California




I Weekly Observed Tree Stress

Imigation Calculation Work Flow =

Admond Board Admond Board

Irrigation Weekly Weekly Measured
Setup Run Times Rainfall

Weekly Measured Weekly Observed
Soil Moisture Tree Stress

= Prewvious
Tab

Show Details (PDF)

Download Details (C SV File)

Show Summary (PDF)
Enter observed tree water stress. @

Calculations =

WWeek Observed Stress WWiee ko
143 - 1/9 - 143 - 1
110 — 1716 = 110 — 116
11T - 1523 - AT — 123
1424 — 1/30 - Ar2a - Ar30
1,31 - 2/6 - =A - 26
247 - 2/13
247 - 2/13 -
2414 - 2720
2414 - 2/20 -
2421 - 2727
2421 - 2/27 -
2/28 - /S
2/28 - 3/5 -
36 - 312
36 - 312 -
3/13 - 319
3413 - 319 -
320 - 26
3/20 - 3/26 | | e
327 - 4r2 | mainimal - | e — e
AS3 - Arg ol A0 - 416
A0 - 4516 - AT - 4r23

Download Summary (CSW File)

Update Refresh
WWeather Data Calculabions

Calc Entersed % obs
B Sk HShA Tree
Depleted Depleted Status

O
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Irrigation Schedule Details Orchard/Org/Business: Test  Schedule Year: 2016

Schedule Details Weather Data Setup Details

Year 2016 Orchard ZIP Code 95361
Organization Almond Board CIMIS Station Oakdale
Enterprise Almond Board CIMIS Station ID 194
Orchard Test CIMIS Station Location (Lat.l.ong) A7 727194-
120.850860
vear Planted 2000 Reference CIMIS Zone Zone 12
Orchard Status Mature =Source for Actual (Real Time) ETo CIMIS Station
~Orchard Canopy Cover at Midday 85%
Kri Factor 100% Week to Start Accumulating ETC 1/3-1/9
Planted Acres 100 Typical Run Time 24 hours
**Row / Tree Spacing 21 x 18 feet Irrigation System Notes
Trees per Acre 115.2 “System Type Micro-sprinkler
=*Soil Texture Medium- “Emitters/Microsprinklers per Tree 1 emitters/tree
Loams, silt “*Average Gallons per Hour ({GPH) Rate per 13 gallons/hour
loams, sandy Emitter/Microsprinkler.
clays, silty =Subsurface Wetted Volume 80%
clays, clays ==Distribution Uniformity (DU 85%
Water Holding Capacity 2 inches/foot Emitters per Acre 115.2 emitters
Available Water Holding Capacity 1 inches/foot Inches per Hour Unadjusted for DU 0.05515
Soil Notes inches/hr
**Effective Rooting Depth 3 feet Inches per Hour (Effective) 0.04 inches/hr.
Available Soil Moisture for Orchard 3 inches
Available Soil Moisture in Wetted Area 2.4 inches

Available Soil Moisture (ASM) Depletion Alert (%%)50%

** Denotes item required for calculations, if blank please review and insert.

This recommendation is notintended to be used as the sole source of information formaking imigation decisions. Local enwvi

Almond Board of Califomia, the Unive

ronmental conditions can hawve a profound effect on imgation demands. The

ity of Califomnia, and the Califomnia State Unive

y are not responsible forthe accuracy of this model.



Irriocation Schedule Details

Irrigation Schedule Details

Orchard/Org/Business: Test

Schedule Year: 2016

Typical CIMIS Entered Effective Inches Calc % Entered % Obs
ETo Precip Precip Precip Entered Inches to Fill ASM ASM Tree
{in.) {in.) {in.) {in.) Run Hrs Supplied ASM Depleted Depleted Stress

13 -1/9 0.28 .19 0.4 0.08 | 0.08 1.52 0.25 0.25 1.6 0.25 -0A17 o]

110 - 116 0.28 0.3 04 |012 (0.2 0.22 2.6 26 0.12 5

1M17 - 1423 0.28 0.24 04 |01 0.3 255 1.64 21 1.64 -1.42 0

1/24 - 1/20 0.28 0.32 0.4 | 013 | D.43 0.23 1 1 27 1 -0.87 0

131 - 246 0.47 0.44 0.41| 018 | 0.61 0.25 0.12 0.12 3.9 0.12 1.3 0.06 3

27 - 213 047 0.6 0.41 | 0.25 | 0.86 0.5 0.5 53 0.5 -0.19 0

214 - 2420 0.47 0.56 041|023 | 1.09 0.5 4.9 4.9 0.23 10

221 - 2027 0.47 0.71 0.41 | 0.29 | 1.38 1.25 1.25 6.2 1.25 -0.73 0

2/28 - 35 07T 0.61 0.62|0.38 |1.78 0.99 0.39 81 0.39 -0.01 0

36 - 312 077 0.47 0.62 | 0.29 | 2.05 1.73 075 0.75 6.2 0.75 -0.45 0

3M3 - 319 077 0.78 0.62 | 0.48 | 2.53 1.05 0.44 103 044 0.9 0.04 2

320 - 3126 077 0.92 0.62 | 0.57 | 31 0.06 0.5 0.5 12.2 0.5 24 011 5

32T - 442 1.19 1 08 |08 3.9 0.01 171 19.5 0.91 38 25 Minimal

43 - 4/9 1.19 1.01 0.8 |0.81 | 471 1.54 0.83 17.2 12 1.82 -0.27 0

410 - 4116 1.19 1.07 0.8 |0.86 | 557 0.16 183 18 0.99 0.3 0.01 1

AMT - 4023 1.19 1.26 0.8 1.01 | 6.58 0.01 21.5 18 0.99 38 018 T

4/24 - 4430 1.19 1.37 08 |11 T.G8 0.04 23.4 24 1.32 31 0.15 B

5M1 - 5/7 1.54 1.03 0.94 | 0.97 | 8.65 0.23 20.7 24 1.32 -0.01 0

AMSHds
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Irriaation Schedule

Irrigation Schedul

Year
Organization

Enterprise

Orchard

2016
Adrroned
Board
Almond
Board
Test

Weather Setup

Orchard ZIP Code
CIMIS Station
Source for current year ETo data

95361
Cakdale
CIMIS
Station

Orchard Setup

Year Orchard Planted
Planted Acres

Row / Tree Spacing
Soil Texture

Soil Motes

Effective Rooting Depth (feet)

Orchard Maturity

Available Soil Moisture (ASM) Depletion Alert
(%)

2000
100

21 x 18 feat
Medium -
Loams, silt
loams,
sandy clays.
silty clays,
clays (2.0}

3
Mt
50

Irrigation Setup

Week to Stan Accumulating ETc
MNumber of Sets

Typical Run Time Hours
Irrigation System Motes

Systam Type

Emitters/Microsprinklers per Tree
Average Gallons per Hour (GPH) Rate per
EmitterMicrosprinkier

Subsurface Wetted Volume (261
Dristribution Uniformity (96

A& -1

24

Micro-
sorinkles

13

a0
as

Calculations

Week
13 - 18

1110 - 1116
1117 - 1423
1/24 - 1430
131 - 208
27 - 213

2714 - 220
2r21 - 22T
228 - 3s

AN - A2
A3 - AMD
T

ETr
43 - arg
410 - 418
2117 - 423
4r24 - 430
5/1 - 57
S8 - 5014
S5/15 - 521
5/22 - 528
Si2D - G4
65 - B
612 - 18
61D - B25
G296 - Ti2
T3 - 78
FHO - 718
FIT - 7423
Tr24 - Ti30
T3 - B
a7 - an3
art4 - a2
ar21 - BR2T
A28 - a3
ara - W10
a1 - AT
arna - oo
arEs - 1001
1002 - 1ovd
1009 - 10 S

10023 - 10vze
10030 - 1155
118 - 1112
1113 - 19718
1120 - 11726
1127 - 1203
12/4 - 12710
1211 = 12017
12018 - 1224
12725 - 12531

ETc asM
1.6

26 X
2.1

2.7

3.9 1.3
5.3

am 4.9
6.2

a1

8.7

103 0.9
122 2.4
172 19.5
172

183 0.3
21.5 3.8
23.4 3.1
20.7

30T 127
3as 106
3z T 1.3
45T 14.9
432 18.2
39.6 19.8
8.8 32.6
526 aT.2
aB.T 35.9
48 8 36.6
49.3 I7.9
51.9 41.7
445 383
436 45.8
443 48,1
37.9 s0
36.6 62.6
344 B5.6
3085 33.7
303 28
261 30.1
19.2 38,7
178 50.8
147 655
10 18.5
8.z 24.7
L] 32.5
8.2 333
(-] z8.8
1.8 4.1
18 6
18

1.8

1.8

Run Hrs  Run
to Meet to Fill

Depleted

29%
az%
3%

TI%
To%

agw

100%

"ASh
Depleted

(L california
almonds

Almond Board of California
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Introducing One Page Irrigation
Management Topics

When to Begin Irrigating Almonds

Almond Salinity Hazard & Leaching
Requirements

Terry Prichard

Water Management Specialist, Emeritus
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DETERMINING WHEN TO BEGIN IRRIGATING ALMONDS USING
ET, SOIL WATER HOLDING CAPACITY, AND EFFECTIVE RAINFALL

Knowing when to bsegin almond irrigation and how much to apply requires knowledge of crop
water uss, the level of moisture stored in the roct zone, and the effectiveness of spring rainfall
Factors that determine the root zone available-water reservoir are:

* Root zone depth

* Soil water holding capacity (largely dstermined by soil texturs)

» Estimats of the effective rainfall

Plant-available water holding capacities of various textured soils

Plant-Available
Water Holding Capacity
Soil Texture (in. of water per ft. of soil)
Very coarse sands 0.40-0.76
Coarse sands, fine sands, loamy sands 076 -1.26
Sandy lcams, fine sandy loams 1.26-176
Very fine sandy loams, lcams, silt loams 1.60-230
Clay loams, silty clay loams, sandy clay loams 176 -2.60
Sandy olays, silty clays, clays 160-260

Source: Aa%otaa from: Schwankl, LJ. and T. L. Prichard. 2009. University of Calfornia Drought Management webete. hitp/
UCMsanageDrought.ucdaviz.edu

Example: A sandy loam with a 4-foot root zone:

1.5 inches per foot x 4 fest = 6 inches available water capacity

Estimating the effective rainfall to fill the root zone

A study by the California Department of Water Resources conducted over a four-ysar period
developed relationships for determining sffective rainfall in California. Monthly rainfall is
factored by the evaporative effect using bars soil. The table below indicates the effective
rainfall by month for each inch of rainfall.

e Effective Rainfall (inches)
iinches) Oct Nov-Feb Mar-April
1 086 04 -0.2
2 1.2 13 08
3 1.8 23 14
- 26 32 23
1) 31 2 31
6 38 &1 40

(e lifornia
almonds

Abmcnd Bowrd of Calilarnis




I Factors in determining the root zone available water reservoir

* Root zone depth

+ Soil water holding capacity

(largely determined by soil texture)

¢ california

.  2Imondis



I Plant-Available Water Holding Capacity

Very coarse sands

Coarse sands, fine sands, loamy sands
Sandy loams, fine sandy loams

Very fine sandy loams, loams, silt loams

Clay loams, silty clay loams, sandy clay loams

Sandy clays, silty clays, clays

0.40-0.75

0.75-1.25

1.25-1.75

1.50-2.30

1.75-2.50

1.60 - 2.50

(/ cali

fornia
N o(monds

Almond Board of California



I Root zone plant-available water Example:

Sandy loam with a
4 foot root zone:

Sandy Loam = 1.25 — 1.75 in water per foot soll

1.5 inches per foot x 4 ft =
6.0 inches of plant-available water = root zone water capacity

¢ california

alimonds



I Effective Rainfall

Rainfall that enters the soil and is stored for tree
use

Rainfall - evaporation

Effective Rainfall (inches)
Rainfall (inches) Oct Nov-Feb Mar-April
1 0.6 0.4 -0.2
2 1.2 1.3 0.6
3 1.8 2.3 14
4 2.5 3.2 2.3
5 31 4.2 31
6 3.8 51 4.0

(/ cali

fornia
almonds

Almond Board of California



Estimate Effective Rainfall
November through February

Merced average rainfall by month

Rainfall Effective Rainfall
(inches) (inches)
Oct 0.8 0.5
Nov 1.3 0.7
Dec 21 1.4
Jan 2.6 1.9
Feb 2.4 1.7
Total 9.2 6.2

The effective rainfall exceeds the
root zone capacity, so the reservoir
would be 6 inches of available

water

(/ cali

aim
Almond Bo:
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I Effective Rainfall, March and April

Rainfall that enters the soil and is stored for tree
use

Rainfall - evaporation

-0.2
0.6
14
2.3
3.1

g A~ W N P

(¢ california

alimonds



I When and how much to Irrigate?

Estimated Orchard Water Requirement — ef fective rainfall — Available moisture

Orchard
Water
Requirement
(in)

March 2.1

April 4.1

May 6.4

June 8.2

July 8.9

* Use 50% of moisture stored in the root zone or 3.0 inche

Effective
Rainfall

(in)

2.5
15
0.0
0.0
0.0

Stored

Moisture *

(in)

1.0
1.0
1.0
0.0

Irrigation
Application

@califomia
almonds

Almond Board of California



I Almond Salinity Hazard &
Leaching Requirements

Almond salt hazard

Measuring salts

How much leaching is necessary
Leaching considerations

Y californi
almonds

Almond Board of California




I ALMOND SALINITY HAZARD AND LEACHING REQUIREMENTS

« All irrigation water contain salts
« Concentration and composition varies by water source

+ Over time without leaching salts can build up reducing production

(¢ california

alimonds



I Salt Accumulation Hazard in Orchards

» Excess total salinity creates an osmotic stress, which reduces crop production
» Atoxic effect of specific salts such as sodium, chloride, and boron.

* Decreased water infiltration rates due to increased sodium salts.

(¢ california

alimonds



I Measuring Total Salts

« Soll
— Salinity of the saturated soil extract

* Water
— Salinity of the water

* Units

— Electrical Conductivity (EC)
» dS/m or mmho/cm

¢ california

alimonds



I Estimate the amount of leaching needed

Leaching Fraction

The amount of water that passes through the root zone as a percent of the
crop water use (leaching fraction)

+ Estimated from water salinity to maintain salts below the salinity threshold

When to Leach
* Measured root zone soil salinity average and compare to salinity threshold

__150

E\O,

5 100 +—

[}

P 50 Salinity threshold 1.5 dS/m average root
g zone salinity

% O T T T = T T T 1

o 0 05 1 15 25 35 45

Average Soil Salnity (dS/m)
¢ california

almonds



I Salt Leaching Considerations

* When is leaching needed

* When to leach

* The role of rainfall in leaching

* How to leverage winter rainfall for more leaching
« Partial coverage irrigation system leaching tips

(¢ california

.  2Imondls



Introducing One Page Irrigation
Management Topics

Irrigation Scheduling Using ET
When to Begin Irrigating Almonds

Almond Salinity Hazard & Leaching
Requirements

What to Consider Before Investing in Irrigation
Technology
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Almond Irrigation Improvement Continuum
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Almond Irrigation Improvement Continuum

california

almonds

Almond Board of California

Use the proficiency levels and guidance below to adopt good irigation water management (I'VWM) practices for almonds. Each level of the Almond Irigation Improvement Continuum will provide the

Orchard Water Requirements

tools necessary to obtain measurements needed to best schedule and manage almaond irigation.

Estimate orchard water requirements
using “normal year” regional ETc to
estimate irrigation demand on a monthly
time step.

Estimate orchard water requirements
using “normal year” regional ETc —
adjusting for current weather and cover
crop use on a bi-weekly time step.

Estimate orchard water requirements
using “normal year” regional ETc to plan
irrigations then use real time ETc data to
correct the schedule on a weekly time
step.

Irrigation System Performance

Evaluate irrigation system for pressure
variation and average application rate at
least once every 3 years. Cormect any
diagnosed system performance
problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 3 years.
Correct any diagnosed system
performance problems.

Assess distribution uniformity and
average application rate by measuring
water volume at least every 2 years.
Correct any diagnosed system
performance problems.

Applied Water

Use application rate and duration of
irmigation to determine water applied.

Use water meters to determine flow rate
and water applied.

Use water meters to determine applied
water and compare to crop water use
(ETc, evapotranspiration) to determine
irrigation efficiency.

Soil Moisture

Evaluate soil moisture based upon feel
and appearance by augering to at least
3-5 feet. Monitor on a monthly time step.

Use manually operated soil moisture
sensors to at least 3-5 feet and monitor
on a bi-weekly time step. Use
information to ensure calculated water is
not over/under irigating trees.

Use automated moisture sensors that
store data over time. Review weekly
to ensure calculated water is not
owver/under irrigating trees.

Plant Water Status

Integrating Irrigation \Water
Management VWM Practices

of thiz contin

Evaluate orchard water status using
visual plant cues just prior to irrigation
or on a bi-weekly time step.

Combine irrigation system performance
data with “normal year” regional ETc to
determine orchard-specific water
requirements and schedule irrigations.
Check soil moisture with an auger andfor
maonitor plant water status to verify
scheduling.

ontinuum) and will feature in depth infonm) tion Tor es

Use pressure chamber to measure
midday stem water potential just prior to
irrigation on a monthly time step. Ensure
calculated water applications are not
over/under irrigating trees.

Use irrigation system performance
data with regional estimates of "normal
year” ETc to schedule irrigations and
adjust based on feedback from
monitering soil moisture or crop water
status.

of the boxes sy Haining how that

Use pressure chamber to measure
midday stemn water potential prior to
irrigation on a weekly time step. Ensure
calculated water applications are not
overfunder irrigating trees. Use it to
assess when to start irrigating.

Develop an irrigation schedule based
on predicted “normal year” demand,
monitor status using soil and plant
based methods. Adjust irrigation
schedule with real-time ETc as the

S2ason progresses.

asurement and subsequent mana

I/ california
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@ www.almonds.com/irrigation#

Almond Irrigation Improvement Continuum
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The Irrigation Continuum was developed in partnership with the many trusted and respected technical experts and resources available, such as University

of California Division of Agriculture and Natural Resources Cooperative Extension.

1.0

The Continuum Level 1.0 outlines irrigation management practices that are within reach for all California
Almond growers. It is available as a downloadable PDF and coming soon is an EPUB to read on an iBook or
other digital reader app.

In addition to the manual, there are one page summary documents from sections within the manual.

« \What to Consider Before Inves (o] ir ['ga['Q 1in | 'g_atiQ“ ect nologg

« Determining Application Rate

¢ Micros

* Sprinklers

* Flood
2.0 and 3.0

ALMOND
IRRIGATION
IMPROVEMENT

CONTINUUM 1.0

While the above tools are available now, development of the Continuum continues with respected irrigation experts to build out levels 2.0 and 3.0.

The Continuum Level 2.0 consists of more intermediate level practices and Level 3.0 address practices at more sophisticated levels to attain even more

“crop per drop.” As Level 2.0 and 3.0 manuals are developed, they will be published on this web page.

Why is Irrigation Improvement a Priority?

In 2015, AlImond Board of California’s (ABC) Board of Directors adopted Water Management and Efficiency as one of four key components of the
Accelerated Innovation Management (AIM) program. ABC has long been a research-based organization and will continue to support traditional research
and sustainability initiatives, but is now placing greater emphasis on the innovative almond farming practices that will be required to meet the future needs

of the California almond industry, as well as the consumer, the community and the planet.



I Almond Irrigation Improvement
Continuum

* Where can | find the One Pagers?
— Back Table
— ABC Booth (625)
— www.almonds.com/irrigation#
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] Questions?




