
Resource4 June/July 2005

A s urban areas grow throughout the country, limited
water resources will be stretched to fulfill urban,
agricultural, and other needs. Recent studies in the

United States indicate that 58 percent of potable water is
used for landscape irrigation. A landscape and irrigation
study aimed at deter-
mining residential
irrigation water use
in the Central Florida
Ridge found that
62 percent of potable
water was used for
landscape irrigation
during the 29-month
monitoring period.

Residential land-
scape water-use
research in Florida
found that typical
homeowners used an
average of 142 mm
(5.6 in.) per month.
Homeowners using
irrigation time
clocks, set to sea-
sonal plant-water
requirements, used 16
percent less irrigation
water on average.
Typically, homeown-
ers irrigate too much
in the late fall and
winter time periods.
This often occurs due
to lack of knowledge
about the necessary
length of irrigation
times for specific
plant material or
because it is incon-
venient to adjust the
irrigation time clock.

As a result, a University of Florida team began looking at
technologies that provide feedback to the irrigation system
on soil moisture conditions.

In 2004, a research project was initiated at the
University of Florida’s Agricultural and Biological

Engineering facili-
ties to test several
commercially avail-
able soil-moisture-
based irrigation
controllers. The
commercially avail-
able soil moisture
sensors connect to
conventional irriga-
tion system time
clocks. When the
time clock sends a
signal to initiate irri-
gation, the soil-
moisture content is
checked by the sen-
sor, which has a
user-adjustable set-
point. If the meas-
ured soil moisture is
above the set-point,
irrigation is not
allowed. These sen-
sors are either con-
nected to the last
irrigation zone (i.e.,
valve) for the system
or have a time delay
so that once irriga-
tion begins, all irri-
gation zones will
receive water. The
specific method of
measuring soil mois-
ture depends on the
manufacturer, but all
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ECH2O dielectric soil-moisture sensor with HOBO Microstation data logger used to inde-
pendently monitor soil moisture on the University of Florida’s Agricultural and
BIological Engineering residential irrigation research project.
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of the sensors rely
on the ability of the
soil to conduct
electricity and the
correlation of this
conductivity with
soil moisture.

At the time
this project was
initiated, the four
commercially
available con-
trollers were
selected for test-
ing. All four sen-
sors are still being
tested with three
watering frequen-
cies – one, two,
and seven days per
week between the
hours of 4 p.m.
and 10 a.m. The one and two days per week watering fre-
quencies represent typical watering frequencies when
watering restrictions are imposed in Florida. The soil-
moisture sensors are being compared to a time-based irri-
gation schedule with a rain sensor (similar to what a
homeowner would use) that is set based on historical
evapotranspiration (ET), a time-based treatment with a
rain sensor, that is 60 percent of historical ET, and a his-
torical ET-based irrigation schedule without a rain sensor.

(Historical ET is a
measure of the turf
grass water use and
was determined by
computing average
grass ET based on
weather data gath-
ered in Florida over
a 52-year time
period.) Irrigation
frequencies for the
soil-moisture-based
controllers were set
such that the maxi-
mum amount of
irrigation that could
be applied was the
same as the histori-
cal ET-based irriga-
tion schedule
without a rain
sensor. In addition,

there is a non-irrigated control treatment.
All experimental treatments are being replicated four

times in a completely randomized design for a total of
64 plots. Each turf grass plot is 3.7 × 3.7 m (12 × 12 ft) and
established with common Bermuda grass (Cynodon dacty-
lon). Each plot is sprinkler-irrigated by four quarter-circle
pop-up spray heads that are typical in residential irrigation
systems. The soil moisture sensor that controls a particular
treatment is buried in the center of one of the four repli-

cates. During initial unifor-
mity testing on the plots,
the driest plots were identi-
fied for placement of the
soil moisture sensors,
according to recommenda-
tions by most of the manu-
facturers. All of the sensors
remain placed in the top
7 to 10 cm (3 to 4 in.) of
the soil, which is the dens-
est portion of the turf grass
root zone.

Pulse-type positive dis-
placement flowmeters are
used to continually measure
irrigation volume to each
plot. Turf quality measure-
ments are conducted by a
visual rating system no less
frequently than seasonally.
Independent soil moisture
measurements are collected

Soil-moisture sensor research plots during establishment at the University of Florida,
Gainesville.

Graduate student Bernardo Cardenas-Lailhacar with soil moisture sensor control systems and monitoring
equipment at the research site.
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from each plot by ECH2O (Decagon Devices, Inc.,
Pullman, Wash.) capacitance-based soil-moisture probes.

The experimental site was fully operational in late
July 2004. Irrigation and turf grass quality data were col-
lected through mid-December 2004, when the turf grass
became dormant and irrigation was stopped for the win-
ter. Irrigation
water use ranged
from 57 mm
(2.2 in.) on the
lowest sensor-
based treatment
to 471 mm
(18.5 in.) on the
highest sensor-
based treatment.
All soil-moisture
sensor-based
treatments aver-
aged 205 mm
(8.1 in.) of irriga-
tion water. These
values compare to
328 mm
(12.9 in.), 495 mm (19.5 in.), and 696 mm (27.4 in.) on
the three timer schedules from most to least conservative.
Thus, the soil-moisture sensors have saved from 5 to 88
percent and an average of 59 percent compared to the
well-managed nonsensor system (time clock set according
to historical ET with a rain sensor). However, through

most of this time period, turf grass quality on the non-irri-
gated plots was similar to the irrigated plots. This obser-
vation indicates that irrigation in the late summer and
most of the fall was not necessary to maintain acceptable
turf grass quality due to 944 mm (37.2 in) of rainfall dur-
ing this period. It is useful to note that regardless of irri-
gation need, most homeowners would have some type of
irrigation schedule programmed into their time clocks.

Thus, the soil moisture sensors could be expected to save
a substantial amount of water.

Currently, the cost of available soil-moisture sensor-
based controllers ranges from $75 to $350. In areas where

the cost of water is rel-
atively high, the
devices could pay for
themselves in a year or
less as a result of water
savings. As Florida’s
population and accom-
panying residential
communities continue
to expand, there will be
an even greater drain
on existing freshwater
supplies. Soil moisture
sensors are an inexpen-
sive and effective way
to conserve this impor-
tant resource. 

The second phase
of this project will
demonstrate the tech-

nology on homes in southwest Florida. Similar devices
have been successfully demonstrated to reduce irrigation
water on sweet corn in Florida. Commercially available
soil-moisture controllers and a custom soil-moisture-based
controller developed at the University of Florida’s
Agricultural and Biological Engineering Department are
also being tested on vegetables – squash, tomato, and green
bell pepper – grown in plastic-mulched drip-irrigated
production beds. R

ASAE member Michael D. Dukes is assistant professor,
Agricultural and Biological Engineering, University of Florida,
107 Frazier Rogers Hall, PO Box 110570, Gainesville, FL 32611-
0570 USA; 35-392-1864 ext. 107, fax 352-392-4092,
mddukes@ufl.edu. 

Bernardo Cardenas-Lailhacar is a graduate research assistant,
Agricultural and Biological Engineering, University of Florida,
222 Frazier Rogers Hall, PO Box 110570, Gainesville, FL 32611-
0570 USA; 352-392-1864 ext. 222, fax 352-392-092,
bernardc@ufl.edu.

Grady Miller is associate professor and undergraduate and grad-
uate coordinator, Turf grass - Environmental Horticulture, POB
110670, 2541 Fifield Hall, University of Florida, Gainesville, FL
32611-0670 USA; 352-392-1831 ext. 375, fax 352-392-3870,
gmiller@mail.ifas.ufl.edu.

The authors would like to thank the Pinellas-Anclote River Basin
Board of the Southwest Florida Water Management District, the
Florida Nursery Growers and Landscape Association, and the
Florida Agricultural Experiment Station for their support of this
project. 

Dukes with data logger used to record
soil-moisture data from the turf grass
research plots.

Cardenas-Lailhacar and Dukes check
flowmeters used to monitor irrigation vol-
ume applied to turf grass research plots.
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