2/21/2024

~ Potato Irrigation Management

Mark Pavek, Francisco Gonzalez, Zach Holden,
Rudy Garza, Vito Cantu, Jake Meeuwsen

WASHINGTON STATE
\Ki} UNIVERSITY © 2024 MJ Pavek, All Rights Reserved

* ADEQUATE CANOPY SIZE

* Maximize the source (canopy) duringa specific time
interval, to maximize the economics and quality of
the sink (tuber)

* Nutrierits, irrigation ; SO urce

(Foliage)

* CANOPY DURATHON

* Adequate, healthy canop;y early and-then
maintained as long as possible
* Remove any limiting factors

¢ Input shortages, disedses/pests, weeds, use proper
cultivation & irrigation (TUbe FS)
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Clearwater
450 Ib/AN

38-Tons/A Potato Crop

Tuber Yield (T/A)

Between 60 and 140 days after planting x

* Tuber bulking rate is'linear Days e Planing

*» 900 Ibs/A day tuber bquing rate (9 cwt/acre/day)

* 0.8 oz tuber weight/plant/day (1.2% of final plant yield/day)

* Every 20 days,'the plant ‘will add 1 lbin tubers

* Final yield equivalent to 4.1 Ibs/plant (34 inch rows, 10 in-row spacing)

How much water does the typical Columbia Basin
potato crop use per season?

25 to 32 acre/inches

Acre inch = 27,154 gallons/A
28 inches = 760,312 g/A

— 6.34 million Ibs/A

* How many gallons to grow one |b
of potatoes (yield 33 tons/A)?

— ~10 gallons/lb of potatoes

© 2024 MJ Pavek, All Rights Reserved
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THREE-YEAR AVERAGE R. Burbank

100% Replacement of Evapotranspiration

All cultivars received the same amount of irrigation

T
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65% RAW
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Clearwater Russet
Ranger Russet
Russet Burbank
Umatilla Russet

30 40 50 60 70 80 90 100 110 120 130 140 150
Days After Planting

Soil Water Content (rn3 m'3)
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When do potatoes use the most water?

Mid Season 7

O 2024 MJ Pavek, All Rights Res
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Othello Potato Water Use 2023

Preci(ted Bvapotrarspiation (nches)

6/1/2023 7/1/2023 8/1/2023 9/1/2023 10/1/2023 11/1/2023
Modeled ET values
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~Predicted Othello Potato \Evapotra nSpi\ration 2023

0.6

Emergence Row Closure

Tuber growth mastly linear
Between60:and 140 DAP

~Predicted "I:Zvapé_transpiration (inches)

5/1/2023 6/1/2023 7/1/2023 8/1/2023 9/1/2023  10/1/2023  11/1/2023
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Misinformation about pre-emergence irrigation or
“watering potato plants up”
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2023 Pre-Emergence Irrigation vs None
(% Difference from the None)

% Difference

=

Ranger Russet

Pre Irrl gated \

24

CIearwater Russet’

Pre Irrlgated Pre lrrlgated .(,1"

Pre Irrigated

. Total Yield Gross Return Total Yield Gross Return

e your Plants and Soils with, |
Early Season Soil Moisture .

Irrigate in the fall before
planting to fill the soil profile

Roots need moisture prior f
emergence (65 75% ASM) ‘
Pre-Plant’ Irrlgétlon 74 H
Tlllage dries out 50|Is
Pre- Emergence Irrlgatlon

Pre—/E\mergence Herbicides

b
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Irrigation Management

* Obvious — Maintain irrigatidn equipmeht, replace worn components
» Understandihg your irrigation equipment and capabilities

— Output, application timeliness, duration ~:
— Catch water, proof your machine — does the measured output'= the control panel

Idéal Irrigation Management is a Combination-6f:
¢ /ASoil moisture|monit
— Volumetric ¥
—  Soil watep potentlal (patential of a soil'tg Pold waten(matrlc potential) \
— More 5|ghTsand depths\: better \
Predicted irrigation rate /
— Maintaihing soil moisture to maximize gconomic return
e V’Soil lmoisture monitors /_,7
~ Regular field visits ?
— Shovel, hand feel method
Rain gauges, récotd actual’application rates
Timely irrigation
Y

/
pe—

\

Evapotranspiration (ET)
— Evaporation (E)
— Plant Transpiration (T)

* Respiration of plants ~
* Passage of water vapor through

plant. porés initb"the atmospher‘é

pe—

* Ratig o changes as the Crop grows
and more of the soil surface is
~‘shaded by crop Ieaves




Predicting Evapotranspiration (ET)

* |f we could predict ET, what is it good for/how do we use it?

— IRRIGATION ROAD MAP

— Without it, you are driving (irrigating) blind
* Predicted ET gets you very close to actual water demand of the

plant & soil, daily
* You could water a crop with predicted ET, never go into the field,

and likely produce a profitable crop

— But should you?

NO! (WHY?)

AgWeatherNet for ET Values: https://weather.wsu.edu/

What is modeled‘ET?

An estimation of crop water consumption f
based on weather and modeling

Composed of two factors:
* Reference evapotranspiration (ET,)

+ Computed using weather data & modeling
based on based on alfalfa or grass

* Crop coefficients (K,)

» Accounts for crop’s development
characteristics, cultural management, and
micro-climates

ET = ET, x K,

. C
0.408A(R, —-G) + ¥ T+“273 uy (eg—ey)

A+ p(1+Cq up)

18
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Potato ET using\Crop Coefficients

Crop Coeflicients (K.) Values
Ko int K¢ mid Ko iate
mean
Source of K. Values
UN FAO 0.50
USDA AgriMet 0.30
WSU AgweatherNet ~ 0.40

i@ VVSU Potato Research”  0.40

Total tuber yield as influenced by the difference between irrigation and ET on
45 commercial potato fields in southeastern Idaho.
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under-application optlmum over-application Potato lrrigation Management

University of Idaho Ext Bul 789
Bradley A. King and Jeffery C. Stark

© 2024 MJ Pavek, All Rights Reserved
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Otherthan weather, soil moisture deficit (poor irrigation) is the
moSt:prominent reason for yield loss (using otherwise grower std
pratiices):

5 120% pot inphoto)”

Actual vs. Predicted Evapotranspiration
* High correlation

* AgweatherNet is a great resource for modeling ET

9
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G Network Authentic.. By Mail - mjpavek@ws...

weatherwsu.edu/ism/index.php?m=1

£ Type here to search

A Evapotranspiration (ET) S X | @ Imigation Scheduler - Mol X

A Not secure | weather.wsu.edu/ism/index.php?m=18&action=general-setting

G Travel | CAHNRS Bu..

X @ AgriMet Columbia-Pacific X | ¥ Copy the window or scre x\ + v = X

G o wrw 0@ :

Sign in to Concur |... »

@ Irrigation Scheduler - Mc

G wsuzoom

G Activity Insight | Off... ¥ SunCalc - sunrise, s...

frrigation scheduler mobfle )

Login

Using your AgWeatherNet account.

@ Calculation of sun's...

Username:

L ]

Password:

Remember me [

‘ Login ‘

Forgot Username?
Forgot Password?

Register
In order to use the irrigation scheduler, please register for an
AgWeatherNet account which can be used to log in.

:38 PM
1/16/2023

[oozz]) 4 B

23

< c

B Network Authentic.. EJ§ Mail - mjpavek@us...

A Evapotranspiration (ET) S X | @ Imigation Scheduler - Mol X

@ lIrigation Scheduler - Mo X @ AgriMet Columbia-Pacific X | B® Copythewindoworscrer X | =+ ke - X

A Not secure | weather.wsu.edu/ism/index.php?m=18&action=my-fields G W r w * 0O @ H

G Travel | CAHNRS Bu.. B Activity Insight | Off... g Calculation of sun's.. @ SunCalc - sunrise,s.. [ WSUZOOM Sign in to Concur |... »

friigation scheduler mobfle )

Manage Fields
Field: [ Select a Field
Add New Field
Help

4:39 PM

[oozz]) 4 B

1/16/2023

2/21/2024
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A Evapotranspiration (ET) S X | @ Imigation Scheduler - Mol X

< Cc

G Network Authentic.. By Mail - mjpavek@ws...

weatherwsu.edu/ism/index.php?m=18&action=my-fields

£ Type here to search

25

G Travel | CAHNRS Bu..

@ Irrigation Scheduler - Mo X @ AgriMet Columbia-Pacific X | %

A Not secure | weather.wsu.edu/ism/index.php?m=18&action=add-a-field

G Activity Insight | Off... g Calculation of sun’s...

frrigation scheduler mobfle )

Add New Field
Help
[ Create similar to an existing field:
Name: [Ul Potato School Field 1 |

Year: {2023 ]
Network: [ AgriMet (WA,OR,ID,NV,MT) v
Station: [ID, Aberdeen v
Crop: [ Potatoes v
Soil: (Sandy Loam v]

Add Field

Copy thewindow orscrec X |+

@ SunCalc - sunrise, s...

v

-

X

G e w 0@ :

G wsuzoom [c]

Sign in to Concur |...

4:40 PM

1/16/2023

»

B

A Evapotranspiration (ET) S X | @ Imigation Scheduler - Mol X

< c

B Network Authentic.. EJ§ Mail - mjpavek@us...

weatherwsu.edu/ism/index.php?m=18action=dashboard

B3 Travel | CAHNRS Bu..

x | mm

@ Irrigation Scheduler - Mo X @ AgriMet Columbia-Pacifi H

A Not secure | weather.wsu.edu/ism/index.php?m=18&action=general-setting

B Activity Insight | Off...

irrigation scheduler mobfle |

General Settings
Field: Ul Potato School Field 1, 2023; Potatoes v |
Help
Name: Ul Potato School Field 1 |
Show Forecast Values
O Use Whole System On/Off Accounting
[ Use Hrs Irrigation Instead of Inches
[ Send Me Notifications By
J Use Drip/Micro (Not all soil wetted)
[ Use Volumetric Soil Water Content
[ Allow Rainfall Overwrite
O Allow ET Overwrite
O Use Scheduling Assistant

Update Field |

P Calculation of sun's..

2 General Settings
5+ Season Date Settings
=, Crop Settings

Copy thewindow orscrec X |+

J SunCalc - sunrise, s.

v

-

G w 0@ :

G wsuzoom [c]

[oozz]) 4

Sign in to Concur |...

441 PM
1/16/2023

B
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& Evapotranspiration (ET) 51 X [ @ Irrigation Scheduler- Mo X @@ lIrrigation Scheduler - Mo X (@ AgriMet Columbia-Pacific X | ¥ Copy the window or scre: X \ + v - X
< C A Notsecure | weather.wsu.edu/ism/index.php?m=18&action=season-setting G r w ® 0O @ H
G Network Authentic.. By Mail - mjpavek@ws... G Travel | CAHNRS Bu... G Activity Insight | Off... g Calculation of sun's... & SunCalc - sunrise, s... G WSUZOOM  |C| Sign in to Concur |... »

irrigation scheduler mobile |

Season Settings
Field: Ul Potato School Field 1, 2023; Potatoes
Help
Emergence: |May 07, 2023

Canopy Cover > 10%:

Canopy Cover > 70%:

Crop Initial Maturation:
End of Growing Season:

<2 General Settings

<=+ Season Date Settings
<> Crop Settings

2» Soil Settings

weatherwsu.edu/ism/index.php?m=18action=dashboard
4:42 PM
1/16/2023

[oozz]) 4

£ Type here to search

27

& Evapotranspiration (ET) 51 X [ @ Irrigation Scheduler- Mo X @@ lIrrigation Scheduler - Mo X (@ AgriMet Columbia-Pacific X | ¥ Copy the window or scre: X \ + v - X
< C A Notsecure | weather.wsu.edu/ism/index.php?m=18action=crop-setting G r w * 0O @ H
J Network Authentic.. & Mail - mjpavek@ws.. [J Travel | CAHNRS Bu.. [ Activity Insight | Off... g Calculation of sun's.. @ SunCalc - sunrise,s.. [ WSUZOOM [C] Sign into Concur|... »

irrigation scheduler mobile |

Crop Settings
Field: Ul Potato School Field 1, 2023; Potatoes  v|

Help Adjust Wir
Starting Root Depth Use Rate
Max Managed Root Depth - *+10%
Initial Crop Coefficient: HE%
Full Cover Crop Coefficient: o
Final Crop Coefficient: |

.2 General Settings

5> Season Date Settings
<« Crop Settings
4 Soil Settings

weatherwsu.edu/ism/index.php?m=18action=daily-budget-existing-fields

ﬂ £ Type here to search
28

~ =y 4:43 PM
v 1/16/2023

B

2/21/2024
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A Evapotranspiration (ET) S X | @ Imigation Scheduler - Mo
< C

G Network Authentic.. By Mail - mjpavek@ws...

weatherwsu.edu/ism/index.php?m=18action=soil-water-chart

£ Type here to search

G Travel | CAHNRS Bu..

X @@ lIrrigation Scheduler - Mo X (@

A Not secure | weather.wsu.edu/ism/index.php?m=18&action=soil-setting

G Activity Insight | Off... g Calculation of sun’s...

AgriMet Columbia-Pacifi

X | m

G wsuzoom

@ SunCalc - sunrise, s...

irrigation scheduler mobfle |

Soil Settings

Field: [ Ul Potato School Field 1, 2023; Potatoes

]

Help
Soil Water Content at Field

Capacity (Full): in/ft

Soil Available Water

Holding Capacity: in/ft

Management Allowable

Depletion: |35 %

Update Field |
[¢] z

< General Settings
5> Season Date Settings
«2» Crop Settings
2: Soil Settings

29

Copy the window or serer X | =+

[oozz]) 4

v

x

=
€}

e w * 0@ :

Sign in to Concur |... »

4:43 PM

.t 2 g
1/16/2023

B

r File Options Window Help
100 - Oy i~ Soil Characteristics o =
a0 L -Loam exture Class: | Sandy Loarn _:l
an 5a-Sand ilting Point | % ol
Si- Silt |Field Capacity [ 3 % Yol
.~ 7 aturation | 7 %Mol
[=11] vailable ‘W ater . 1.09in/
Srg-gd e st Hydraulic Cond. | 1.90inshr
et tic Bulk Densty [ 9150 In/t3
= 40 1~ Organic Matter - —
" | [25%w | et Contes )
1 1
0 B Sahn_lt}l Soil Texture | Capacity | Point AWC
10 !] 0.0d5/m ‘ Coarse Sand 12 0.6 0.7
i LG' : Fine Sand 15 | o7 | os
e 1~ Gravel
0 10 20 30 40 50 60 70 80 90100 [0 foamy Jand 22 || 12 | %o
1 L T Sandy Loam 27 13 14
=K 0 10 20 30 40 &0 Eira Gl S 16 ia
Elaym Wt - Campaction ptialn drseadl : ; i
!j 100 —_—— Sandy Clay Loam 40 2.0 20
g 15 - 10 = — Matric Potential = LonseMormalDense Hard Sever Loam 4.0 18 2.2
§ 12— g1 B MaiosDsmole e oo sitLoam a3 | 20 | 23
= 8 Boor o F midsislond: Imres ol m o Silty Clay Loam | 4.6 28 18
£ 3 —— §0.001 § £ s .0 1020 30 40 50 B0 Clay Loam 4.8 3.0 18
5 plenliwldelinlindidggop g iMatr!c Potentla!: Silty Clay a8 3.2 16
0 10 20 30 40 =0 60 T atnc:+.Dsm0t|c: | | Clay 48 34 14
Soil Moisture (% Vol) |Hydraulic Cond.: | 6.43E-7 in‘hr Peat Mucks 50 26 24

30
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A Evapotranspiration (ET) Stations X | &3 lmigation Scheduler - Mobile X B Irrigation Scheduler - Mobile X @ AgriMet Columbia-Pacific North: X | = v - X
< C A Not secure | weather.wsu.edu/ism/index.php?m=18&action=daily-budget-existing-fields G v w » 0O @ i
G Network Authentic.. El§ Mail - mjpavek@ws... G Travel | CAHNRS Bu... G Activity Insight | Off... g Calculation of sun's... SunCalc - sunrise, s... G WsU ZOOM Sign in to Concur |... »

Evapotranspiration 0¥ o oea oo sse Predicted potato
(actual/predicted water use) e peemesass®) - water use:

gy SWE /Defick  Edi especially helpful during
(in) (%) (in) Data

os10 009 \015 207 129 Edit extreme heat or cold
06/11 0.19 203 142 Edit
06/12 0.16 297 136 Edit
06/13 0.18 304 124 Edit
06/14 021 [000 207 145 Edit
06/15 0.25 [000 288 @ 17 Edit
000 277 194 Edit

Jun 10, 2022

>>> >>|

-~ 5:07 PM
00%)} % ~ = 7

1/16/2023

B

Daily Water Demand Across Growth Stages

0.3to 0.6 in. 0.4 to0 0.1 in.
Mid Season

0.1to 0.3 in?.‘g

0.1 inches

Initial

16



Two methods for measuring soil water status

Volumetric water content (VWC) Soil water potential (tension/suction)

 Soil water content used * The energy required by the plant to take up
interchangeably the water from the soil

» Percent of water in set volume of soil  + A measure of the energy by which water is

- Convert VWC to In/Ft, = VWC*12 being held by the soil

33

+ MEASURING SOIL WATER STATUS

1. Two main approaches

A. Volumetric Water Content
a) “Hand-Feel” Method
b) “Oven” Method
c) Neutron Probe
d) Time Domain Reflectometry
e) Capacitance Probe

B. Soil Water Potential
a) Tensiometers
b) Capacitance w/ calibrated media

34

2/21/2024
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] " [
onitoring soil-water status software
* All soft II'h dl bound
sortware will have an upper and iower pounaaries
i il-wat tential
Soil Water Content Soil-water potentia
020 240 4/1/2007 /242007 6/2/2007 7/3/2007 8/3/2007 9/3/2007
080 N N n L N
T
= 20.00 §
H ~ =
o E &
= = =
= > = 400
= = <
& = =
o é lf__, 60.00
Woao z =]
g R S a
= o & 100.00
£ -
lE = <
u 008 006 § = 000 —— 12 in SENSOR
g : wa 24 in SENSOR
" =}
> — 8in SENSOR 3
" 12in SENSOR @ 1600.00
~——24in SENSOR
0.00 T T T T T 0.00
4/1/2007 6/2/2007 6/2/2007 7/3/2007 8/3/2007 9/3/2007
i i o i 1ty (A ) 4 b
W Professional Ag Services Pt fedcapecy (ftfoon Aste g4
NEUTRON PROBE SOIL MOISTURE GRAPH o 09/16/2014
Grower: WSU Research Unit
" - . Cuner  WSU Ressarch Uni Page: 10of 1
2018 Fiids 100 PastET Forecast ET
Crop _Russet ‘ariety Recomended application. Per day
S Spl. Data 87 Total Hours to Run Per week B ; Total Hours Total Days To
. - . . i i . . - ate o ToRunPer  Run Per
Date e = = " Reading Field® Crop ‘.\‘:-- Wk
515 5318 K18 RI% ~518 818 8.8 9162014 NW.  Clearwater 0 0.00
1t | | == 9162014 Heat  Russetd 199 005 035 0 0 0.00
Fool o0 L N i i 1 ! Cable -
Lo B SO0 TS B, . == IR | SEUONS CESEDRSIRS . somenon: i e 9162014 Middie  Russetd 217 004 028 0 0 0.00
East
inches
Per 1.00° . . . - . - - - - 9162014 Middle  Russet3 265 004 0z o [ 0.00
Foot West -
9162014 NE- Russet3 212 007 049 ] 0 0.00
| I | | | | } | | Crystal
Green
g 9/16/2014 SE-65% Russetd 1344 004 028 [} 0 0.00
Foot e T + = ~—t—e T = 9162014 SW-  Russet 2072 004 028 ] 0 0.00
Moisture 100%
inches
Par + - + + + . . + +
Foot
3d
Foet ~—t— 4t 1! ! 4 1 ! Il : !
Moisture 1 1
inches
Par . + . v v . 1
Foot
Rain
Gauge
| — T W Ak G aF ar | IE] T 4F ar N 1

36
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What depths to monitor?

* 1stdepth: 10-12 in. _

* Most important - monifbss\75% of root zone area

* Provides insight into SWS conditions at the root
zone el

* Most commonly used for irrigation s?:‘heguling

« 2nd depth: 18-24 in

* Provides insight into-deep soil water loss — if
there is an increase in SWS\% over irrigation

~

37

Optimum range for potatoes

240

]

 Soil water content = 65-100% soil’s
field capacity
* Range is dependent on soil type - more ancad

CONTENT (M3 M3)
H

* Dry soil permanent wilting point?
o seeon * You should never be close
T » > 32% available soil water content

T T T
4/1/2007 6/2/2007 6/2/2007 7/3/2007 8/3/2007 9/3/2007

&
s
SOIL WATER CONTENT (IN/FT)

VOLUMETRIC WATER

0.00

4172007 5/2/2007 6/2/2007 7/3/2007 8/3/2007 9/3/2007
L L 1 1 L

- » Soil water potential = -50 to -30 kPa

« Same for all soil types

* *For reference, potato plants cannot assert
tension/suction >1000 kPa -> Permanent
wilting point

WATER POTENTIAL (kPa)

= 12in SENSOR
24in SENSOR

*Source: https:,

2/21/2024
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How many sampling locations per field?

* At least two — more is better — improve accuracy in non-uniform fields

* SWS monitoring should represent the field’s soil type and topography
conditions

Digital elevation model| -

Measuring-Applic

* Precipitation and Irrigation .

« Automated or manual rain gauges
Measuring inches applied

20
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.

Narrow it Down'- Keep it Simple

N

|deal Potato Water Management
— Maintain irrigation equipment =
— Calibrate equipment, measure output ,
\ — Prime,your3oil early; anticipate rapid growth
“— Redl time\?oiLmoisture value's
. Vol\u\met'ric (soil water coptent) 4 ) £
*Soil water potential s = £
— Preditted ET : _
——~Rain gauges to recofd actual applicationdevels
— Field visits :
. Man\age’ment, management,’management
4

\\

Questions?

Should | err on the side of too much or too little irrigation, and
why?

What is the best way to keep a potato crop cool during high
heat events?

Explain how you would irrigate during extreme heat

Explain plant transpiration and how it relates to
evapotranspiration

Complete this sentence: excessive irrigation can lead to...
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Specific Gravity as Affected by Irrigation Rate

averaged across Alturas, Clearwater R., Ranger R. R. Burbank, Umatilla R., 2018-2020

40 60 80 100
Irrigation Level (% ET)

Excessive Late Season Irrigation Increases Growth Cracks

[\

p-value <.0001
HSD = 6.74

Growth Cracks (% of Total Yield)

Irrigation Level (% ET)

22
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ALTURAS
6.7°C

40% ET &s D @
.4 . Y
w
& 2

* Alturas Fry Color fried 90
days after harvest (DAH)

i B BEEEN
! . | %
| ]l \ 1 b | i
A ,A [\ l;, 3 it
& 54 )
"’-J
80/ ET""" 'iiii' ’“
N B
]
IOO/ETl'|||' ""l' @%DDE
120% ET; )
"
i
Fiid

45

Swollen Lenticels from Excessive Soil Moisture Act as
Open Wounds Allowing Pathogens to enter

23
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More Frequent Irrigation Cycles reduce Pink Rot

Effect of Irrigation Frequency on PR Incidence Effect of Irrigation Frequency on Yield
e S N L e e

Irrigating more frequently with less water
decreases pink rot pressure.

o

Miller Research 2010, with natural infection.

Excessive Irrigation Leads to
Vine Death and Rot

24
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Potato Growth Stages

s typically form during these sta

sugar end

Root
Depth
(in)

WASHINGTON STATE
UNIVERSITY

o &

DL — =
S o N

Slide from N. Olsen 2022

25



Sugar Ends: Conditions conducive to the development of
sugar ends includes stress from high soil temperatures, transitory
soil moisture deficits, and insufficient or excess nitrogen fertilization.

Treatment #1 Specific Sugar Ends
(%) Gravity (%)
Control (amb.) 69 1.081 4
Low moisture 53 1.082
Low moisture + heat 37 1.071 \
High moisture + heat 39 1.068 /
From Kle]nkopf et al. 1988 © 2024 MJ Pavek, All Rights Rese Slide from N. Olsen 2022

51

Acknowledgements

* Washington State Potato Commission

* Northwest Potato Research
Consortium
* WSU Potato Group
* Zach Holden, Rudy Garza, Vito
Cantu, Jake Meeuwsen
* Francisco “Paco” Gonzalez
* USDA-ARS, Prosser

© 2024 MJ Pavek,

2/21/2024

26



2/21/2024

27



