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Overview

* |rrigation scheduling approaches
— Weather-based
— Soil moisture-based
— Plant-based

* Regulated Deficit Irrigation
— What is it?
— Where might it be appropriate?
* Tree water status
&
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Weather-based irrigation

Evapotranspiration (ET)
(evaporation + transpiration)
e Estimated with gauge

* Calculated based on weather
— Temperature
— Humidity
— Wind speed
— Light intensity
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Elk Rapids, Michigan

Latest observations at Elk Rapids
01/09/2015 0D3:00 AM (Station onling). Measurements by S-minute
average or total unless otherwise indicated.

16.7F Air temperature

0.0in. Rainfall{01/09/2015)

94.9% Relative Humidity

15:5F Dewpoint

WNW Wind Direction (hourly average)

17.0 mi/hr Windspeed

0% Percent of last full hour wet - leafl wetness (tripod-mount)

Weather observations and summaries
» Overnight temperatures/ hours below freezing

» Rainfall comparisons for Region

» Temperature, rainfall and degree-day summary
» Rainfall comparisons last 5 years at this station
» Soil conditions

» More weather for this station

Degree-day tools

» Current degree day maps
» Degree Day accumulations for Eeaion

» Degree Day accumulations for Region (alfalfa and corn development)

» Average degree day summary

» Degree day comparisons: Compare 2 Sensors
» Degree day comparisons: [ast § vears at this station

Degree day comparisons: [ast § vears at this station {alfalfa and corn

development)
» Temperature, rainfall and degree-day summary

Water-use tools
¢ Irrigation scheduling Excel Workbook
¢ Irrigation Scheduling online

Thanks to our station
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This station is hosted at

Orchard View and is funded
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Support

Enviro-weather:

Sponsor this station)

¥ Michigan State University
Extension

¥ Michigan State University
AgBio Research

» Project GREEEN
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MAWN STATION MAME:  elkrapids
DATE ET PCPN THMPX THPN
2014-83-081 @.82e o0.ee 16.9 2.3
2014-83-82 @.823 @.e0 11.8 -7.7
2@14-@83-@3 @.833 @.82 17.3 -20.8 e [ N - T v N - Y- T RS 1 - R -1 : B
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2914-83-89 @.245 o9.80 36.9 2.9 2014-87-03 @.158 ©.81 70.2 41.9
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2014-83-12 @.831 0.80 28.0 3.4 2014-87-06 @.094 @.83 77.0 58.0
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2014-83-22 @.829 o.80 30.4 8.5 2014-87-16 @.157 ©.ee 69.8 51.1
2014-83-23 @.838 0.83 27.9 3.1 2814-87-17 @.179 ©.ee 78.0 45.9
2014-83-24 @.845 9.80 25.6 2.4 2914-87-18 @.173 ©.ee 80.9 58.1
2014-87-19 @.176 ©.ee 84.1 53.4
2014-87-20 @.157 ©@.ee 83.8 54.6
2014-87-21 @.187 ©0.ee 86.5 58.7
2014-87-22 @.142 @.31 85.8 62.5
2014-87-23 @.119 0.ee 67.9 56.9
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2014-87-27 @.852 0.27 70.5 58.4
2014-87-28 @.124 0.ee 65.2 51.7
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Expenses: Water use

* Reference evapo-transpiration (ET)

— Reference crop, alfalfa (ET, )

* ETcrop = ETref x K

crop

— K = depends on the specific crop and
the stage of development

=1
]
=
o
=
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ET

crop

Crop coefficients (K) - Cherry

= ETref x K
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ET

= ETref x K

Crop coefficients (K) - Cherry

crop crop

-db- . . . ]
2014-a6-28 @.138 @.a2 9@.3 B5.4
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2814-a7-18 8,179 a.ae 74.4 43.4
2814-a7-11 @.142 a.ae 81.3 48.7
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2814-a7-20 @.157 a.ae 83.8 54.6
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Crop coefficients
USU Extension Website:

http://fruit.usu.edu

Cherry

Apple

Peach

Strawberry

Caneberry
Raspberry
Blackberry
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AgriMet Crop Coefficients

AgriMet estimates crop evapotranspiration (ETc) by first modeling reference evapotranspiration (ETr) from
observed weather conditions at each weather station. AgriMet uses alfalfa as its reference crop. This reference
ET is then multiplied by a crop coefficient (Kc) that varies through the season depending on the growth stage of
the crop. Crop coefficients, from plant emergence to termination, define a growth curve know as a crop curve .
The product of reference ET times the crop coefficient is the estimated crop specific consumptive use:

ETc=ETr* Kc

For more information on crop coefficients, see About Crop Curves . For information on specific crop coefficients,
click on the links below. Note that these crop coefficients are for use with Alfalfa Reference (Tall Crop) ET.




Soil Water Content

Soil Water Content

< Saturated soill

& Field Capacity

<« Beginning of Plant Stress

S|qe|leAy

:e Permanent Wilting Point

a|qe|ieAeun
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S
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Measuring Soil Moisture:
Methods

e Soil Matric Potential (tension or suction)
Low number = more water
Indicates how hard a plant has to “pull” to get water

e Volumetric Water Content

Indicates the amount of water needed to recharge the soil

A
a' All UtahState
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Determining Soil Moisture:
Tensiometer

* Soil matric potential

(tension or suction)

e Units = Centibars

— Range 0 to 75 centibars
Low number = more water

A
A
University
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Determining Soil Moisture:
Electrical resistance blocks

Electrical conductivity

Low number (resistance) = more

water
Units = Centibars

— Range 0 to 200 centibars

Price:
— Sensors: $40 to S60 each
— Meter: S300

Readings vary by soil type

— Require good soil contact
— Salinity artificially elevates readings

extension.usu.edu



Determining Soil Moisture:
Resistance Block

Resistance block readings AVAILABLE WATER DEPLETION (%)
. . . 25 al fii 100
in different soils NS, : :

: LOAMY SAND :

* Maximum readings
(200)
— Fine soil 45% depleted

— Course soil 90%
depleted

FINE SANDY

IIlIIiIIIrF

SOIL MATRIC POTENTIAL (- bars)

17
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Determining Soil Moisture:
Electromagnetic Probes

 Measure volumetric water content

|

ddl -
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Determining Soil Moisture:
Volumetric water — Sentek

* Requires access tube
— Capacitance of magnetic field

— Measures very close to the
tube

— Tube installation is critical

— Lengths of 3 and 4.5 feet
* Price:

— Probe $2,600 - $2,700

— Access tubes $55 - S60

19

extension.usu.edu



Interpreting Volumetric Water

0.40 -
| Field Capacity

= 0.30 -
>
£ 025
-
£ 0.20 -
S
= 0.15 -
© 50% Depletion Point
= 0.10 -

s _ Wilting Point

0.00 T T T . . .

Sand Sandy Loam Silt Loam Clay Loam Silty Clay Clay
Loam
Finer Texture

Figure 2. The amount of allowable depletion, or the readily
available water, represents about 50 percent of the total 1State

niversity
(TEMNSION
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Determining Soil Moisture:
Where to measure?

* Monitoring depths

— 6to 8
— 24"

18" 247

36”

Lovell Peach

48"

21

Figure 5 Soil Moisture Measuning
o L i il
Al e University
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Determining Soil Moisture:
Automated system

 Dedicated data loggers
— WaterMark ($400 - $600)
— M.K. Hanson
— Watchdog

 Linked to weather station

L2

= ummilfz,l

A-Series
Data Logger

extension.usu.edu



Learning from an automated
system

10-year-old peach block
Box Elder County
Under-tree sprinklers
Clean cultivated soil

7110 7/17 7/24 7/31 8/7 8/14 8/21 8/28 9/4 9/11 9/18 9/25 10/2

0+
Data logger . \
_ 6”
100 -
_ 18"
150 -
— 2.5
200
250 \J \J




Soil moisture

What can we learn?
Is it needed?

Early Season

5/31 6/7 ©6/14 6/21 6/28 7/5 7/12 7/19 7/26 8/2

’ \
) ™ \ N
" [\ |\
som N

150

200

et

250

=
l

—_—1g"

— ]

s
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Soil moisture

What can we learn?

Quantity

7/28

8/4

8/11

8/18

8/25

50 A

100

e

150

6"

200 \

N

250

—_— 18"
—_— 30"

N

100

150

—. \
— 30"

250
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What can we learn?

Quantity

Soil moisture

0

20 -

40 -

60

80

100

Late Season

9/6 9/13 9/20 9/27 10/4 10/11 10/18 10/25 11/1 11/8 11/15
\ —
W\ —18"

100 -

150

200

=

250
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Plant-based system:
What is the tree feeling?

Mid-day stem water potential

— How hard is the tree “pulling” to get
water?

Practical for a grower?

k.
- .
University
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Regulated Deficit Irrigation

* Deficit = less coming in than going out
deficit irrigation = intentional drought stress
* Regulated = specific timing and severity

* Why?
— Save water
— Induce some type of favorable crop response

A
Q' All UtahState
University
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Regulated Deficit Irrigation (RDI)

* Grape
— Fruit quality g
e Color 5
SE
* Sugar %;
 Flavors 2
. . Buld o IFim!Iﬂ_arlﬁnl I k'lalnl;mnl L Im::.ln:at
— May reduce fruit size! == L
* Apple Kriedemann and Goodwin
e Peach o
* Sweet cherry /'@m B0 Utahstate
University
29 COOPERATIVE EXTENSION
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RDI for Tart Cherry?

* Water savings
 Reduced shoot growth?
* Improved fruit quality

Al
University
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RDI for Tart Cherry?

* Water savings.
 Reduced shoot growth?
* Improved fruit quality.

* Improved tree health.

e e .I-'
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Growth Stages - fruit development
Tukey and Young (1939)

AT

STAGE T A STAGE I | STAGE I

5 - RAPYD DEVELOPMENT »  RETARDED , FINAL SWELL
. DEVELOPMENT
I

# | ®

g '

NUEFL LS AN m_rrmnu

EMBAYD
" it T FI] ] 2 A 77 —
FiG. 1.—Growth stages in development of fruit of sour cherry from pre-bloom to [State
fruit ripening. After Tukey (22) Iversity
S : ; TENSION
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Soluble solids concentration (%)

e 2007 and 2008

— Moderate crop load

— No effect on yields

— Only slight effect on fruit size
— Improved fruit quality
— Reduced trunk injury

® 2007
O 2008

1
20

1 I 1 I 1
40 60 80

Irrigation applied (% of control)

1
100

120

Chroma (color intensity)
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>E 2
28 ¢ "
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55 *
=2 4 Y Y
S =
g3 o ©
0 L 1 1
0 50 100
Irrigation (% of Control)
® 2007
O 2008

20

40 60 80 100

Irrigation applied (% of control)

extension.usu.edu

120




* 2009

— Heavy bloom and very good fruit set
— Huge crop load

— Irrigation deficit reduced yields

— Reduced fruit size (lower packout)

— Tree mortality

20% 40
* " + 2008
159 = 2009
0 30 T i
" S
) 0 = T .
£ 10% il 220
> §o]
= ] Q
£ 59 o
§ | 5 10
: 3
0% I 0 ® * * * *
0 50 100 | |
0 50 100

Irrigation (% of Control)
Irrigation (%o of Control)



Mid-day stem water potential

0 20 40 60 80 100
0.6 ‘
02007
@)
- m2008 =
o A 2009 O
S 10
O [ |
5
3 O
o
o
©
=
=
Qo
(0))

1.8

Irrigation (% of Control)
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Plant-based approaches

Measurement methods j

......
aaaaaa

e Stomatal conductance

e Leaf temperature

e Leaf water potential

e Stem water potential

COOPERATIVE EXTENSION

extension.usu.edu



2011 Research

Measurement methods

COOPERATIVE EXTENSION
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Canopy Temperature
Specific needs "

Light breeze
Clear sky

Low humidity
Uniform canopy

Moderate crop load
Careful positioning (background)

Al
University
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Plant-based approach

* Xvlem water potential?

' # % 7 "-":-

Dr. Alan Lakso Vinay Pagay Dr. Abraham Stroock
Plant Physiology Ph.D. Stwdent Viticuliure and Microfluidics Chemical
Chemical Engincering Engineering
{2
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Summary
 Weather-based scheduling

— Resources available in Michigan

* Soil moisture monitoring

— Automated systems useful to
fine tune timing and quantity

* Plant water status
— Technology is evolving
* Deficitirrigation
— Can reduce trunk injury
— Proceed with caution

40







