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Automatic Irrigation System

•In-ground

•Controlled by a timer



•Automatic systems vs non-automatic:
•47% more water (Mayer et al., 1999)
•160% more water (Mayer et al., 2016)

•Homeowners in Central FL tend to 
over-irrigate by 140% more than the 
calculated irrigation water required (Haley et al., 

2007)

POTABLE WATER USE



Automatic Irrigation System
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Soil Moisture Sensor System (SMS)
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Water savings potential

• Previous research with SMSs

• Turfgrass plot conditions: 44-72%                             
(Cardenas-Lailhacar et al., 2008 and 2010; McCready et al., 2009; Grabow et al., 2013)

• Turf quality above minimum acceptable 



State Author Year Savings (%) Compared to
Utah Allen 1997 10 Control group
Colorado Qualls et al. 2001 27 Theoretical requirement
Florida Haley & Dukes 2012 65 Control group
N. Carolina Nautiyal et al. 2014 42 Control group
Florida Davis & Dukes 2015 44 Historical use

•Turf quality above minimum acceptable 

Research in residential settings 

Water savings potential



Reclaimed Water (RW) in the US

State Population
(2006 est)

Reported Reuse1

in Millions of
Gallons per Day

Reuse per Capita
in Gallons per

Day per Person
Rank

Florida 18,019,093 663.0 36.79 1

California 36,121,296 580.02 16.06 2

Virginia 7,628,347 11.2 1.46 3

Texas 23,367,534 31.4 1.34 4

Arizona 6,178,251 8.2 1.33 5

Colorado 4,751,474 5.2 1.09 6

Nevada 2,484,196 2.6 1.03 7

Idaho 1,461,183 0.7 0.50 8

Washington3 6,360,529 0 0 9



RW users in Florida (2016)



Why is it different?
•RW may contain higher levels of salts than potable water
•Salts can affect the readings of the SMSs



•Homes connected to RW have autom. 
irrigation system

•RW has become a limited resource in 
certain municipalities in FL

Photo: Michael Gutierrez



In homes that used RW

Main objective:



Compare (treatments)

………………………………………….Monitoring only = MO

……………………….……………Rain sensor =   RS

….RS + educational materials = EDU

…………….Soil moisture sensor = SMS

+

+

++

1)

2)

3)

4)



• Estimate the water applied by the different 
treatments, compared to a theoretical 
requirement

Secondary objective:



Methodology
• Pinellas County Utilities (PCU) + UF
• PCU sent to UF a list of homes using RW
• UF preselected homes in the vicinity of Palm Harbor



Methodology (Cont.)

• Homes Recruitment

Letter 
(Pinellas Co. Utilities)



Methodology (Cont.)



Methodology (Cont.)

• Homes Recruitment

http://irrigation.ifas.ufl.edu/study

Informed Consent
Letter 
(Pinellas Co. Utilities)

Survey 
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Methodology (Cont.)

• Homes Recruitment

http://irrigation.ifas.ufl.edu/study

Informed Consent
Letter 
(Pinellas Co. Utilities)

Survey 

Pre-selected homes



Methodology (Cont.)

Project requirements:

• Homes were located in the vicinity of Palm Harbor,

• were clustered in residential developments or subdivisions,

• had an automatic irrigation system,

• were using RW as their irrigation source, 

• the owners lived in the home.



Methodology (Cont.)

• Homes Recruitment

Pre-selected homes 



Methodology (Cont.)

• Homes Recruitment

Pre-selected homes Irrigation Audit 



Methodology (Cont.)

Additional project requirements:

• a properly working automatic irrigation system, 

• well established St. Augustinegrass with a minimum acceptable 

or higher turfgrass quality, 

Calculate irrigated area/home     water depth/home



Methodology (Cont.)

• Homes Recruitment

Pre-selected homes Irrigation Audit Selected homes



Methodology

• Recruited 64 homes in Pinellas Co.



Methodology (Cont.)

• Homes Recruitment

Pre-selected homes Irrigation Audit Selected homes

Assigned treatments

Installed devices
(Flowmeters, AMRs, SMSs, RSs)

Initiated treatments

• In each subdivision, 4 treatments were 
implemented. 

• The homes were randomly assigned to one of 
the treatments, with a similar amount of 
replications (properties) per subdivision



Methodology (Cont.)

• Data collection
– Collect weather data (hourly)
– Rate and photograph turf quality/home seasonally (quarterly)
– Record irrigation water use/home w/AMR technology (hourly)



Experimental Treatments
Homes are subdivided into 4 groups

………………………………………….Monitoring only = MO

……………………….……………Rain sensor =   RS

….RS + educational materials = EDU

…………….Soil moisture sensor = SMS

+

+

++

1)

2)

3)

4)



Turf Quality



  

  

Depth per Events per
event (mm) week (#) week (mm)

MO 15.4 nsy 2.7 az 42 a
RS 15.4 ns 2.4 a 37 a
EDU 14.4 ns 2.3 a 33 a
SMS 14.1 ns 1.7 b 24 b

Treatmentx Depth per

x Treatments are: MO, timer only; RS, timer plus rain sensor; EDU, timer plus rain sensor plus educational materials; SMS, timer plus soil
moisture sensor system.

y ns = No significant difference.
z Different letters within a column indicate statistical difference at P<0.05 (Duncan’s multiple range test).

RESULTS
(Jan. 2011 – Sep. 2013)
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Cumulative mean irrigation by treatment, with statistical comparisons, versus calculated GIR. Different letters after 
cumulative irrigation depth indicate statistical difference at P<0.05 (Duncan’s multiple range test).

12%

44%

21%



Turfgrass quality

• No treatment differences.
• Always >5 (minimally acceptable). 



• SMS treatment was the only group of homes significantly different to 
the comparison group, MO (savings 44%)

• All treatments over-irrigated compared to the calculated GIR. 

• SMS were the group that irrigated most properly; even when there is 
still room to improve their irrigation application.  

• Opportunity not just to conserve but to make better use of the RW 
(connecting more houses to the RW system). 

• This could, as a consequence, save an important amount of potable 
water currently destined for irrigation purposes. 

CONCLUSIONS



• These results concur with those yielded in previous studies irrigating with potable 
water.  

• A study with a higher number of homes and for a longer period of data collection, 
may verify these promising results and could elucidate the use and acceptance of 
SMSs by homeowners. 

CONCLUSIONS



Questions?



Monthly irrigation application for MO treatment compared to a calculated gross irrigation requirement based on a daily 
soil water balance model. Water restrictions were imposed during the time-frame encompassed in the red rectangles.



Monthly irrigation application for RS treatment compared to a calculated gross irrigation requirement based on a daily soil 
water balance model. Water restrictions were imposed during the time-frame encompassed in the red rectangles.



Monthly irrigation application for EDU treatment compared to a calculated gross irrigation requirement based on a daily 
soil water balance model. Water restrictions were imposed during the time-frame encompassed in the red rectangles.



Monthly irrigation application for SMS treatment compared to a calculated gross irrigation requirement based on a daily 
soil water balance model. Water restrictions were imposed during the time-frame encompassed in the red rectangles.


	WSI Cover Sheet
	Slide Number 1

	1020- Bernardo Cardenas
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Water savings potential
	Slide Number 9
	Reclaimed Water (RW) in the US
	RW users in Florida (2016)
	Why is it different? 
	Slide Number 13
	In homes that used RW
	Compare (treatments)
	Estimate the water applied by the different treatments, compared to a theoretical requirement�
	Methodology
	Methodology (Cont.)
	Methodology (Cont.)
	Methodology (Cont.)
	Methodology (Cont.)
	Methodology (Cont.)
	Methodology (Cont.)
	Methodology (Cont.)
	�Methodology (Cont.)
	�Methodology (Cont.)
	Methodology (Cont.)
	�Methodology (Cont.)
	�Methodology
	Methodology (Cont.)
	�Methodology (Cont.)
	Experimental Treatments�Homes are subdivided into 4 groups
	Turf Quality
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46


