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Outline

* Introduction

« Concepts evapotranspiration and soil water holding capacity
« Crop water requirements vs. nutrient management

* Precision irrigation (Pl) concepts

 Soil moisture sensor wireless network for center pivots

« Smartphone irrigation

* Final remarks
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Evapotranspiration (ET)

Definition: " Transpiration
'Precipitation

The loss of water from
a vegetated surface
through the combined
processes of soil and
plant evaporation and
plant transpiration

UNIVERSITY of
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Reference ET vs. Crop ET

Reference ET (ETo): The evapotranspiration from a
hypothetical grass reference crop.

grass
reference

Radiation
Temperature

Wind speed
Humidity

Crop ET (ETc): The crop evapotranspiration under
standard conditions

well watered crop

optimal agronomic conditions UF UNIVERSITY of
Adopted from: Allen, R.G., L.S. Pereira, D. Raes, and M. Smith. 1998. Crop Evapotranspiration. Guidelines for IEAS
Computing Crop Water Requirements. FAQO Irrig. and Drain. Paper No. 56, Rome, Italy.



Crop Evapotranspiration

ET provides reference
measure of water use
based on plant water
demand

Scalable for specific
crop, growth stage,
climate, and season of |
year &

ET.=ET, *K_

Crop coefficient (K.)

Time of Season (days or weeks after planting)

Univ. of Nebraska. http://www.ianrpubs.unl.edu/pages/publicationD.jsp?
publicationld=1237



Soil Moisture and Water Availability to Crops

100% 60%

Saturation FIEId. Wilting Point
Capacity

UNIVERSITY of
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Effect of soil texture and soil tension on
soil water availability
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Silt Clay
joam loam

Kramer and Boyer (1995)
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Soil moisture sensor for automated
irrigation control
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Soil moisture sensor for automated
irrigation control

SETTING OF
VWC SOIL MOISTURE VWC
ABOVE THRESHOLD SENSOR THRESHOLD BELOW THRESHOLD
F LA
lem L_.-:.
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ol A
sdhis =3 IRRIGATION
IRRIGATION & ==
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Zucchinilrrigation and Fertilization

Irrigation time 8am 10am 12pm 2pm 4pm

Soil Moisture Sensor - - - - |

v'N-rates of 75, 150 and 225 Ib/ac weekly fertigation with
calcium nitrate

UF UNIVERSITY of

FLORIDA
IFAS

Source: Zotarelli et al 2008. Scientia Horticulturae
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Irrigation vs. N-fertilization on
zucchini

Average

Zucchini marketable yield (Ib/ac)

Controlled irrigation — up 24,649 A
to 5 irrig. windows/day 100%
(]

Fixed irrigation of 2h/day 18,316 B
74%

Average

UF |[FLORIDA
IFAS

T Means within columns/lines followed by the same lowercase letters are not significantly different (P < 0.05) according to Duncan’s multiple range test.



Effect of irrigation on solute displacement

Photo: L.Zotarelli

Dukes et al. (2010) HotTechnology



ween ET and yield =

Wheat
1.2 ¥ Data Sources

OJensen and Sletten (1965) \
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Relationship betwee
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40.12 X 5.370.32 * R’ = 0.94" (2009)
31.99 x -2.246.74 * R* = 0.93* (2010)
- 34.27 x -3,058.15 : R’ = 0.93"* (2009-2010)
a
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Precision lrrigation

Potato - Hastings, FL — 9” in 3 days

Defined as site specific irrigation
~ management that relies on the variable

application of water, emerges as .
potential solution to increase productivity *

_ and reduce environmental impact of =
irrigated agriculture. b

‘j_

Kassman (1999) and Monaghan et al (2012) .f |

Photo: Scott Taylor, May 2013



Challenges

« Spatial and temporal variation in soil moisture and crop growth
« We rely on limited in situ points of measurements
* It is important to understand the heterogeneity of soil water

across the field




How uniform is my field”?

Soil series - Pasture field 26.6 acres in FL

USDA — NRCS - Soil Web



Wet soil conditions

82221 -82.22 -82.219 -82218 -82.217

VWC -0-7.9% 5% 25.1 — 35%

Figure 4. Soil moisture distribution maps under different conditions
for pasture in Hillsborough County, Florida. The graphs represent soil
moisture spatial distribution using the kriging interpolation method:
a) (top graph) dry conditions, b) (center graph) medium conditions,
and c) (bottom graph) wet conditions. The X-axis represents longitude,
and the Y-axis represents latitude. Zotarelli et al 2013



Irrigation Management Zones

Figure 5. Suggested distribution of management zones according to
soil moisture homogeneity.

Based on: soil survey, moisture maps, aerial photos, visual inspection of the field



VRI — Sprinker Irrigation

University of Georgia — Smart Sensor Array

Cooslende: Longhude « 7' 1 20005 Latbude « 12 45 B30ET

Figure 3. Irrigation application rates assigned to different areas under a 48 ha center pivot
irrigation system (left) and variable rate irrigation implementation of the application map (right).

Vellidis et al 2013 — Precision Agriculture



Wireless Sensor System

) FIST - Flint Irrigation Scheduling Tool

HOME (second page) select time period : from [ 050712

managementrone

farm/field settings i

sensor monitoding
Crop growth stage
corion [HistHower W)

=
[~ S |

lirigation Recommendation
B I o]

PEANUTS

CORN

inch
inch
L
o
a

inch
Inch
inch

Weather forecast
0% chance of rain today

20% chance of rain tomarrow

Legend: push pins:
Sensor below irrigaton threshold
fey. Sensor above irigation threshold
Senzorngads sttontion

umtll |

dats sxpornt

Figure 4. Flint Irrigation Scheduling Tool (FIST) flow diagram (top) and FIST dashboard (bottom).

Vellidis et al 2013 — Precision Agriculture



Wireless Sensor System

E.g. University of Georgia —Smart Sensor Array

07/20/2012

Vellidis et al 2013 — Precision Agriculture



Wireless Sensor System

University of Georgia — Smart Sensor Array

Vellidis et al 2013 — Precision Agriculture



Online Irrigation Tools

HOME DATA ACCESS TOOLS CLIMATE ABOUT NEWS DONATE SPONSORS

Latest Observations EERIPEISUIE

Wet Bulb Temp

Graphic Weather Data

: Wind
FAWN Data Hotline

Daily ET

Daily Min Temp 12/1/2014
NWS Forecast

Daily Avg Temp Rollover measurement for current
My Florida Farm Weather observation and NWS forecast

Daily ET
Click (if present) for current weather

Daily Total Rain advisories
FAWN Freeze Alert System y
Weekly Total Rain Click measurement for additional data and
tools
S EVIANENIP]
Tweets % Follow
FAWN 26 Nov
@UF_FAWN

www.fawn.ifas.ufl.edu



Online Irrigation Tools

F A N Florida Automated
Weather Network
S
HOME  DATAACCESS TOOLS CLIMATE ABOUT NEWS DONATE  SPONSORS

Irrigation

Latest Observations New! Your Virtual Lawn Tool
This tool can help you evaluate the effectiveness of your watering plan.

Graphic Weather Data
Vegetable Irrigation

FAWN Data Hotline Indicates frequency and duration of irrigation events.
NWE Foreuses Strawberry Irrigation
Indicates frequency and duration of irrigation events.
My Florida Farm Weather
Evapotranspiration (ET)
Penman-Montieth ET for last 7 days from all FAWN stations. [weather
FAWN Freeze Alert Syl . . .
Citrus Irrigation | data and
Indicates frequency and duration of irrigation events.
Urban Irrigation Scheduler
Operation run times for residential Irrigation controllers.
Tweets E
FAWN Home Irrigation Presentation
@UF FAWN The Basics of Home Irrigation.

www.fawn.ifas.utl.edu



Citrus MicroSprinkler Irrigation

Scheduler

Please enter the specifications of your irrigation system and click [Create Schedule] to create a 2-week I N p u tS
irrigation schedule.

Tree Row Distances Between-Row: 15 ft (10 - 40) . E
rove information
In-Row: 10 ft(4 - 30) G ove o) at O

Emitter Diameter: 10 ft(1-25)
Rate: s gals/hr (1 -30)
Pattern: 3so deg (0 - 360)
System Efficiency: 8s % (50 - 100)

Irrigation system info

Other Variables Soil Type (Field Capacity): | Apopka (.09)

Irrigation Depth: 24 [ in. Weather Stat|0n, SO” depth

Irrigation Trigger Depth: 6 | in.
FAWN Station: Apopka

Crop Evapotranspiration

Irrigation Scheduling

If rains!!!



Citrus app

Carrier & 4:47 PM

smartirrigation
9]
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{ Stations  Ocklawaha

TREE ROW DISTANCES

Between-Row:
In-Row:

EMITTER
Diameter:
Rate:
Pattern:
Efficiency:

OTHER VARIABLES

Soil Type: Apopka (.09)

Carrier & 4:47 PM 1}

( Ocklawaha Results Forecast

Irrigation schedule for the next 15 days
10/06/2014 to 10/20/2014

Every 3 days irrigate 3 hours and 50 minutes

Daily schedule: Irrigate 1 hour and 14 minutes per day
Irrigation delay for when it rains
Rain amount Irrigation delay

<" no delay

4" to 12" 2 days

%" t0 %" 3 days

%" to 1" 3 days
>1" 3 days




Available now

The premiere suite of UF/UGA irrigation apps

762 users

i0OS
Android



Irrigation schedule generation

= Average ET of previous 5 days

= Updated every 15 days unless ET
changes are >50%

= For all apps except cotton, schedule is
provided in minutes and/or irrigation
depth

32



Data resources —

—

Forecast —

System 1

= Florida Automated Weather Network
(42) & Georgia Environmental 86°F | w-o
4.6 mp/h =

Monitoring Network (81)
* Currently used for ET scheduling (FAO

NEXT HOURS

. . ® PV PM PM PM PM  9PM
Penman Monteith), rainfall data | ser or &F wF 7mF 7o

2 5% 5% 5% 5% 0% 0%

« Crop coefficients are internal for each app
and applied using calendar, GDDs or plant NEXT DAYS
growth stage m | | o2
» National Weather Service oo

94 65 61

 Currently used for forecast data e




Notifications: user interaction

= Forecasted probability of rainfall

= Rainfall measured at nearest weather | WQBQ
Statio n 100% Charged

= Change in irrigation schedule ? Smariigaton urt 1.

ere is over 60% chance of rain

e area in the next 24

34



Take Home Message

* Direct relationship between yield and crop
evapotranspiration

 Soil and crop water demand cannot be ignored when
irrigating or using precision irrigation

* [rrigation directly impact nutrient availability and crop
nutrition

* When using Precision lrrigation
» Get to know your field
« Establishment of Irrigation Management Zones (IMZ)
» Use the technology available

UF |[FLORIDA
IFAS
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Thank you!

RRIC2

UNIVERSITY of
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Irrigation a

Carrier & 4:47 PM
=  smartirrigation
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{ Stations  Ocklawaha

TREE ROW DISTANCES

Between-Row:
In-Row:

EMITTER
Diameter:
Rate:
Pattern:
Efficiency:

OTHER VARIABLES

Soail Type: Apopka (.09)

= 11:37 AM 96% | b 4
—  Smartirrigation Cotton -+

@ @00

U LY U e |

Irigation rate: 0.5 in Edit field

WATER BALANCE

D eﬂClt Yesterday

”;,0_‘ »]6 % ’ Add irrigation ‘

0.25 See details
100 | (0.251n) ’

Irrigation applied: 0.0in  Rain observed: 0.25 in
00000000 @O0

PHENOLOGICAL PHASE

Yesterday

Eme+gence to First Square
550

AdustGDD | | Adjust phase




Location specific

* User location, with
movable pin

14:58 @ 7 @ } 100% 4

New system Next

Tap to add image

LOCATION (Tap and hold to drag the pin)

NW-16th-Ave L4

ED)

O, .
Gainesville

C ]
®

ISYSL3S

SOIL TYPE

40



*ENE

Citrus
* Irrigation delay based on rainfall depth

Cotton

* Provided by station but modified by
grower

Strawberry
* Notincluded; plastic mulch with
irrigation everyday

Turf

* Notifications of rainfall and forecasted
events

41



Soil water holding capacity

= Field capacity and wilting point boundaries used

= Soils represented by standard classes (clay, sand, etc.)
and local soil names (Gladeland, Krome)

= No irrigation schedule recommendation exceeds water
holding capacity
* Notification that an error occurred in entry information
* More days needed to meet losses



Irrigation systems

. . Credits: S. . tie;re
* Micro-sprinkler .

* Irrigation deficit, pivot
s S DHD

* Pop-up heads (sprays, micro, multi-stre
Impact)

43



Cotton app

= 11:38 AM 7 96% [ 4

X New field Save

LOCATION

oAshburn gFitzgerald

New field
Lat: 31.481 Lon: -83.281

9

Tifton
Q

PLANTING DATE:

SELECT STATION

=
2

11:38 AM

Schedule details

01/07/2014

ACCUMULATED ETC

10.3in

ROOTING DEPTH

12.8in

WATER DEFICIT

20% 0.3in

IRRIGATION APPLIED

1.21in

RAIN OBSERVED

0.5in

96% [0 4

Save

=T 11:37 AM 96% [ 4
=  Smartirrigation Cotton -+
@) ® 00

DU LY U o ‘

Irrigation rate: 0.5 In Edit field

WATER BALANCE
ao | Deficit Yesterday

50 — »]6 % ‘ Add irrigation ‘

(0.25 See details
100 (0.251n) ‘ ‘

Irrigation applied: 0.0 in Rain observed: 0.25 in

O0OO0OO0OO0O0OO0OO0OO0C®eO0

PHENOLOGICAL PHASE

VYesterday

Eme‘gence to First Square
550

Adjust GDD ‘ ‘ Adjust phase




Comparison of different irrigation scheduling methods

Scheduling Weather Plant Soil Irrigation
methods frequency
Soil moisture Indirect Indirect measure Determined by user, User selected, may
Sensors measure-ment by SMS needed to schedule be bypassed by
by SMS irrigation amount for controller

selected deficit

User defined *

ET calc. FAWN FAWN Kc selected by Determined by user to
user use with calculation
Apps FAWN Kc embedded Select soil type in app User defined

X

45



