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GS3 1 INTRODUCTION

1 Introduction

Thank you for choosing Decagons GS3 Greenhouse Sensor. We de-
signed the GS3 to measure the water content, electrical conductivity
and temperature of many types of growing media. Decagon devel-
oped the GS3 primarily to work in greenhouse applications where
the slim, stainless steel needles could be inserted easily into many
types of substrates, but it can work in many other applications as
well. This manual guides you through the sensor features and how
to use it successfully.

1.1 Customer Support

If you ever need assistance with your GS3, or if you just have ques-
tions or feedback, there are several ways to contact us. Customer ser-
vice representatives are available to speak with you Monday through
Friday, between 7am and 5pm Pacific time.

Note: If you purchased your GS8 through a distributor, please con-
tact them for assistance.

Email:
support@decagon.com or sales@decagon.com

Phone:
509-332-5600

Fax:
509-332-5158

If contacting us by email or fax, please include as part of your mes-
sage your instrument serial number, your name, address, phone, and
fax number.

7 TROUBLESHOOTING GS3

Check to make sure that the media was not packed excessively dur-
ing sensor installation. Higher density can cause sensor reading
to be elevated.

Ensure the calibration equation you are using is appropriate for your
media type. There are significant differences between substrate
calibrations so be sure to use the one specific to your substrate.

22
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GS3 1 INTRODUCTION

General Specifications

Dimensions: 9.3 x 2.4 x 6.5 cm

Prong Length: 5.5 cm

Dielectric Measurement Frequency: 70 MHz

Measurement Time: 150 ms (milliseconds)

Power requirements: 3.6 to 15 VDC, 0.03 mA quiescent, 25 mA dur-
ing 150 ms measurement

Output: Serial TTL, 3.6 Volt Levels or SDI-12

Operating Temperature: -40 to 60 °C!

Connector types: 3.5 mm (stereo) plug or stripped & tinned lead
wires (Pigtail)

Cable Length: 5 m standard; maximum cable length of 75 m. Please
contact Decagon if you need longer cable lengths

1.3 Warranty

The GS3 has a one year warranty on parts and labor. The warranty
activates when the instrument arrives at your location.

Seller’s Liability

Seller warrants new equipment of its own manufacture against defec-
tive workmanship and materials for a period of one year from date of
receipt of equipment (the results of ordinary wear and tear, neglect,
misuse, accident and excessive deterioration due to corrosion from
any cause are not to be considered a defect); but Seller’s liability for
defective parts shall in no event exceed the furnishing of replacement
parts F.O.B. the factory where originally manufactured. Material
and equipment covered hereby which is not manufactured by Seller
shall be covered only by the warranty of its manufacturer.

Seller shall not be liable to Buyer for loss, damage or injuries to
persons (including death), or to property or things of whatsoever
kind (including, but not without limitation, loss of anticipated prof-
its), occasioned by or arising out of the installation, operation, use,

!Sensors can be used at higher temperatures. Please contact Decagon for
assistance.

6 INSTALLING THE SENSORS GS3

Note: Be sure not to touch the prongs with an un-gloved hand or
contact them with any source of oil or other non-conducting residue.

20
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GS3 2 THEORY

2 Theory

2.1 Volumetric Water Content

The GS3 sensor uses an electromagnetic field to measure the dielec-
tric permittivity of the surrounding medium. The sensor supplies a
70 MHz oscillating wave to the sensor prongs that charges according
to the dielectric of the material. The stored charge is proportional to
substrate dielectric and substrate volumetric water content. The GS3
microprocessor measures the charge and outputs a value of dielectric
permittivity from the sensor. The dielectric value is then converted
to substrate water content by a calibration equation specific to the
media you are working in.

e If you are installing sensors in a lightning prone area with
a grounded data logger, please see our Application Note at
www.decagon.com/lightning.

e Decagon advises that you test the sensors with your data log-
ging device and software before going to the field.

2.2 Temperature

The GS3 uses a small thermistor to take temperature readings. It is
located underneath the sensor overmold, next to one of the prongs
so it remains in thermal equilibrium with the medium, and reads the
temperature of the prong surface.

The GS3 outputs temperature in °C unless otherwise stated in your
preferences file in either the DataTrac 3 or ECH20 Utility programs.

It is important to note that even though the sensor head is white,
if it is in direct sunshine, the temperature measurement may read
high. Exposure of the sensor head to direct UV radiation may also
degrade the vinyl surface and cause it to discolor.

Use caution when installing the sensor with the overmold in the sun.

6 INSTALLING THE SENSORS GS3

6 Installing the Sensors

You can insert the GS3 sensor into soilless substrates in a variety of
ways; however, the orientation of the sensor does affect the sensor
accuracy. In addition, high spatial variability in soilless substrates
will drastically affect the difference between sensor readings from one
location to another.

6.1 Orientation

The goal of installing a sensor into a substrate is to measure those pa-
rameters important to plant growth while not changing them. The
GS3 can be installed in many different orientations, depending on
your needs. However, common sense should be used. For exam-
ple, installing the sensor in the top of a pot that is being irrigated
by micro-sprinkler may cause water to drip around the sensor head,
leaving a dry patch of soil immediately below. A better option would
be to insert the sensor into the side of the root mass with the needles
horizontal, aligned in a vertical row. This allows water to flow freely
through the pot and measure ments to be made directly around the
roots. Still, when irrigation water is not applied from the surface, it
may be entirely appropriate to install the sensor on top of the sub-
strate. However, please keep in mind that the sensor only measures
the VWC in its sphere of influence.

Sensors can either be inserted into the top of the plant pot or into
the side of the root ball. Insertion into the side of of the root ball
may be the best option, as it will give the best indication of the water
available to the plant.

18
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GS3 2 THEORY

therefore well suited to this method.

The pore water conductivity can be determined from (see Hilhorst,

2000 for derivation):
€p0b

o €p — €ob=0 AHV
where o, is the pore water electrical conductivity (dS/m); ep is
the real portion of the dielectric permittivity of the soil pore wa-
ter (unitless); oy, is the bulk electrical conductivity, (dS/m), which is
measured directly by the GS3; €3 is the real portion of the dielectric
permittivity of the bulk soil (unitless); e,5—¢ is the real portion of the
dielectric permittivity of the soil when bulk electrical conductivity is

0 (unitless). € can be calculated from soil temperature using:
ep = 80.3 — 0.37 * (Tsoi — 20) (2)

where Ty, is the soil temperature (°C) measured by the GS3.

Finally, e,5—¢ is an offset term loosely representing the dielectric per-
mittivity of the dry soil. Hilhorst (2000) recommended that e,p—¢ =
4.1 be used as a generic offset. However, our research in several agri-
cultural soils, organic, and inorganic growth media indicates that
€sb=0 = 6 results in more accurate determinations of o,. Hilhorst
(2000) offers a simple and easy method for determining for individ-
ual soil types, which will improve the accuracy of the calculation of
op in most cases.

Our testing indicates that the above method for calculating o, results
in good accuracy (£ 20%) in moist soils and other growth media. In
dry soils where VWC is less than about 0.10 m3/m3, the denomi-
nator of equation 1 becomes very small, leading to large potential
errors. We recommend that p not be calculated in soils with VWC
< 0.10 ﬁ‘w using this method.

2.5 Pore Water vs. Solution EC

As noted in the previous section, pore water electrical conductivity
can be calculated from bulk EC using the sensor-measured dielectric
permittivity of the medium. However, pore water EC is not the same

5 COMMUNICATION GS3

multiple sensors on a single bus, you will have to start by addressing
your sensors individually as noted in the section above.

5.5 Power

The GS3 is an extremely low power sensor; when continuously pow-
ered, but not making a measurement or communicating, it uses 30pA.
When using the sensor as part of an SDI-12 bus, it is recommended
that the sensors be excited continuously to avoid issues with initial
sensor startup interfering with the SDI-12 communications.

5.6 Reading

One of the advantages of the SDI-12 protocol is the number of possi-
ble queries that can be made to the sensor. From the standard sensor
readings (dielectric, temperature, and EC) to calibration coefficients,
several parameters can be stored in the sensor and read back. For
typical use, all that is needed is a simple output of dielectric, temper-
ature, and EC. The sequence to gather those values is quite simple
(Address the sensor [tell it what you want it to do |end with a “!”).
For example:

ORO! (Address sensor “0” |take an instantaneous reading “R0” |end
the statement “!”)

Most data loggers will run this sequence without any user input,
but occasionally it is necessary to interrogate the sensor directly. A
full list of the SDI-12 commands implemented in the GS3 is available
by contacting Decagon.

Additional examples of SDI-12 programs can be found at our software
section online at http://www.decagon.com/support/downloads.
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GS3 3 CALIBRATION

3 Calibration

Dielectric Permittivity

In some specific cases, a calibration that gives dielectric permittivity
(combined real and imaginary) for the GS3 is useful. The dielectric
of the medium, ¢, is the standard factory calibrated output of the
GS3 before applying a calibration.

Calibration for Soilless Media

The GS3 has been calibrated in media types including potting soil,
perlite and peat. The goal of these calibrations is to create a generic
calibration equation that will work in all types of each substrate, with
an accuracy of better than +5% volumetric water content (VWC). If
you need more accuracy, you can perform a media-specific calibration
to get the accuracy down to %1 to 2%. It is interesting to note that
the main difference between the calibrations is caused by the high
air volume in the organic soils that lowers the starting (dry media)
dielectric of the sensor. For more information on how to calibrate
your probes, please see http://www.decagon.com/support. Decagon
also has a calibration service, where we will perform the calibration
for a standard fee. Contact Decagon for more information about this
calibration service.

The calibration for several potting soils, perlite, and peat moss at
salinities ranging from 0 to > 4 dS/m is given:)
m3
VWC(—) = 0.118y/¢, — 0.117 (5)
m

The calibration for mineral soils ranging from 0 to > 5 dS/m is:

3

SﬁQA%v =5.89 x 107%3-7.62 x 107%£%43.67 x 10" %—7.53 x 10>

(6)

5 COMMUNICATION GS3

port on the data logger. This simplifies wiring because no multi-
plexer is necessary. On the negative side, one sensor problem can
bring down the entire array (through a short circuit, etc.). To avoid
this problem, we recommend the user make an independent junction
box with wire harnesses where all sensor wires are connected to wire
lugs so sensors can be disconnected if a problem arises. A single three
wire bundle can be run from the junction box to the data logger.

The SDI-12 protocol requires that all sensors have a unique address.
GS3 sensors come from the factory with an SDI-12 address of 0. To
add more than one SDI-12 sensor to a system, the sensor address
must change. Address options include 0...9, A...Z, a...z. There are
two ways to set the SDI-12 sensor address. The best and easiest is
to use Decagon’s ProCheck (if the option is not available on your
ProCheck, please upgrade to the latest version of firmware).

SDI-12 addressing can be accessed in the “Config” menu by selecting
“SDI-12 Address” and pressing “Enter.” To change the SDI-12 ad-
dress, press the up and down arrows until you see the desired address
and push “Enter.” SDI-12 communication allows many parameters
to be communicated at once, so you can also see things like the sen-
sor model, SDI-12 version, etc. SDI-12 communication is also sup-
ported in Campbell Scientific data loggers like the CR10X, CR1000,
CR3000, etc. Direct SDI-12 communication is supported in the “Ter-
minal Emulator” mode under the “Tools” menu on the “Connect”
screen. Detailed information on setting the address using CSI data
loggers can be found on our website at http://www.decagon.com/sup
port/downloads/.

The sensor can be powered using any voltage from 3.6 to 15 VDC,
but 12 V is optimal. The SDI-12 protocol allows the sensors to be
continuously powered, and we recommended that the power (white
wire) be connected to a continuous 12 VDC source. However, the
sensor can also be used with a switched 12 V source. This can help
reduce power use (although the GS3 sensors use very little power,
0.03 mA quiescent)) and will allow the sensor array to be reset if a
problem arises.
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GS3 4 CONNECTING SENSORS

ProCheck readers. Below is a diagram showing the wiring configu-
ration for this connector.

Ground

\\ Data
/ Power

Figure 1: Stereo Plug

4.3 Connecting to a Non-Decagon Logger

GS3 sensors may be purchased for use with non-Decagon data log-
gers. These sensors typically come pre-configured with stripped and
tinned (pigtail) lead wires for use with screw terminal.

Refer to your distinct logger manual for details on wiring.

Our integrator’s guide gives detailed instructions on connecting the

GS3 sensor to non-Decagon loggers. Please visit www.decagon.com /support

for the complete integrator’s guide.

Ground (Bare)
\

4— Data (Red)

4— Power (White)

Figure 2: Pigtail Wiring

GS3 sensors with the stripped and tinned cable option can be made
with custom cable lengths on a per-meter fee basis. This option gets
around the need for splicing wire (a possible failure point). Connect
the wires to the data logger as shown, with the supply wire (white)
connected to the excitation, the digital out wire (red) to a digital
input, the bare ground wire to ground as seen below.

4 CONNECTING SENSORS GS3

11

Digital
Supply Out Ground

Switched Digital G
3.6-15VDC In ==

Data Logger

Figure 3: Wiring Diagram

NOTE: The acceptable range of excitation voltages is from 3.6 to 15
VDC. If you wish to read the GS3 with the Campbell Scientific Data.
Loggers, you need to power the sensors off of the 12 'V port (switched
if you use TTL serial).

If your GS3 is equipped with the standard 3.5 mm plug, and you
wish to connect it to a non-Decagon data logger, you have two op-
tions. First, you can clip off the plug on the sensor cable, strip and
tin the wires, and wire it directly into the data logger.

This has the advantage of creating a direct connection with no chance
of the sensor becoming un-plugged; however, it then cannot be eas-
ily used in the future with a Decagon readout unit or data logger.
The other option is to obtain an adapter cable from Decagon. The
3-wire sensor adapter cable has a connector for the sensor jack on
one end, and three wires on the other end for connection to a data
logger (this type of wire is often referred to as a “pigtail adapter”).
Both the stripped and tinned adapter cable wires have the same ter-
mination as seen above; the white wire is excitation, red is output,
and the bare wire is ground.

Note: Be extra careful to secure your stereo to pigtail adapter con-
nections to ensure that sensors do not become disconnected during
use.
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