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The moisture status of the soil is a critical factor influencing 
plant production. Correct irrigation scheduling can control 
the soil moisture status, reducing through-drainage and 
maintaining optimum levels of soil water for maximum 
plant growth. 

To implement a reliable and accurate irrigation scheduling 
regime regular, objective soil moisture readings are 
essential. There are different technologies available for 
obtaining soil moisture content including ADR, TDR, 
capacitance and neutron. The choice of instrumentation 
will be determined by the form of information required 
by the operator, the soil type, crop, relative cost, and the 
reliability and ease of use in the field.

IoT (Internet of Things) technology increases the speed, 
consistency, and convenience of data collection and 
application management. ICT International's modular 
range of SNiPs (Sensor-Node IoT Packages) enable real-time 
accurate measurements for continuous soil monitoring. 
See pages 70-81 for more information.

SNiPs reduce the cost of getting a fuller picture on the 
application, replacing traditional loggers for each sensor or 
additional parameter.

Soil Monitoring 

Open Format Data Compatible 
with Flexible Connectivity 

(pg. 74-75)

ICT 
MFR-NODE 

pg. 76

MP406 Soil Moisture 
Probes pg. 6
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In the highlands of Central Vietnam, vast areas of 
planted coffee rely heavily on seasonal rainfall. 
With changing climate, rainfall becomes more 
unpredictable, and necessitates the investment in 
optimum irrigation. In cooperation with the Western 
Highlands Agriculture and Forestry Science Institute 
(WASI) the soil moisture condition in 4 year-old 
Robusta Coffee crop was monitored.

Project background Outcomes

The ICT International Moisture Probe (MP406) 
– designed for permanent installation/burying, 
connected to ICT Soil Moisture Meter (SMM1), was 
used to monitor the soil moisture regime from the 
surface to a 45cm profile depth. This allowed for the 
calculation of infiltration rates. 

The investigation also monitored seasonal 
variability of tree water use which was found to 
be reliant not only on soil moisture availability but 
also on seasonal sunshine duration. Rainy seasons 
(between May and December) that bring more 
cloudy days resulted in a lower water usage of the 
trees. Wet season water use was 3-4 Litres per tree 
per day and in the Dry season it was 5-6 Litres per 
tree per day.

Monitoring and network solution

• Soil moisture probes in the surface and at 3 
depths – 15, 30 and 45 cm

• Sap flow meter on 4 year old trees
• 4G Telemetry system 
• ICT Dataview 

Soil Moisture & Water Use of Coffee in Vietnam 
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The Standing Wave  
(ADR) Measurement Principle

Standing Wave, or Amplitude Domain Reflectometry 
(ADR), uses an oscillator to generate an electromagnetic 
wave at a consistent frequency, which is transmitted 
through a central signal rod, using outer rods as an 
electrical shield. The electromagnetic wave is partially 
reflected by areas of the medium with different dielectric 
constants (water content), producing a measurable 
voltage standing wave. ADR measures volumetric soil 
water (VSW%) independently of all other soil variables, 
including density, texture, temperature and electrical 
conductivity. ADR does not require in-situ calibration 
to accurately measure Volumetric Soil Water (VSW%).

Environmental, agriculture & engineering applications 
requiring assessment of the changes of soil moisture in 
absolute mm and the exact volumetric soil moisture 
use ADR or TDR technologies. ADR sensors that have 
been buried permanently in landfills are still functioning 
after 15+ years.

The Time Domain Reflectometry 
(TDR) Measurement Principle

Measures the time taken (in nanoseconds) for 
an electromagnetic pulse to propagate along a 
waveguide surrounded by soil. Time of travel, 
or velocity, of this pulse is effected by the 
dielectric constant (Ka) of the soil. Wetter soil 
with a higher dielectric constant, produces a 
slower velocity pulse. TDR measures volumetric 
soil water (VSW%) independently of all other 
soil variables, including density, texture, 
temperature and electrical conductivity. 
TDR does not require in-situ calibration to 
accurately measure VSW%.

Soil Moisture: ADR and TDR 

ICT 
MFR-NODE 

pg. 76

MP406 Soil Moisture Probe
pg. 4-6
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ADR/TDR Soil  
Moisture SNiPs

SNiP-MP4 SNiP-MP3 SNiP-TDR

SNiP Measures  VWC % VWC %

VWC % / 
Permittivity 
/ BulkEC / 

Temperature /  
Pore Water EC

Core Sensor/Device
(Measurement Principle)

MP406
(ADR)

MP306
(ADR)

TDR-315L
(TDR)

Calibration Mineral & 
Organic Soils Mineral Soils

UOM  VWC % VWC %

VWC % / µS /
cm (bulk)

°C / µS /cm 
(Pore Water)

SNiP Node MFR-NODE MFR-NODE S-NODE

Total Sensors
SNiP Can Support Up to 4 Up to 4 Up to 4

Mounting / Power   SPLM7 / 10W Solar Panel (SP10)

Optional SNiP Extensions
of Parameters:

Tipping 
Bucket 

Rain Gauge

Tipping 
Bucket 

Rain Gauge

Micro-
Climate
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Time Domain Transmission - SMT-100

The SMT-100 soil moisture probe uses Time Domain 
Transmission (TDT) technology, combining the 
advantages of the low-cost FDR sensor system with 
the accuracy of a TDR system. Like a TDR, it measures 
the travel time of a signal to determine the relative 
permittivity εr of the soil, converting εr into an easy to 
measure frequency. 

The SMT-100 utilizes a ring oscillator to transform 
the signal’s travel time into a frequency. The resulting 
frequency (>100 MHz) is high enough to operate well 
even in clayey soils. Consequently, it corrects the VSW% 
value (volumetric soil water) independent of soil type. 
Maintenance free and frost resistant, the SMT-100 can be 
used for long-term observations (8+ years continuous).

Sports Turf Monitoring

Single-Point TDT SNiPs SNiP-SMT

SNiP Measures  VWC % / EC Temperature

Core Sensor/Device
(Single-Point) SMT-100

UOM VWC % / °C 

SNiP Node S-NODE

Sensors SNiP Supports Up to 4 (STD)*

*Custom SNiP can support more 

Soil Moisture: TDT 

ICT S-NODE 
pg. 77

SMT-100 Soil Moisture
pg. 8
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EnviroPro Capacitance Measurement 

Capacitance sensors measure the dielectric permittivity 
of a surrounding medium. The configuration is either 
like the neutron probe where an access tube, made of 
PVC, is installed in the soil or buried probes connected 
to a data logger. In either configuration, a pair of 
electrodes form the plates of the capacitor with the 
soil in between these plates, acting as the dielectric. 
Changes in dielectric constant of the surrounding media 
are detected by changes in the operating frequency. The 
output of the sensor is the frequency response of the 
soil’s capacitance due to its soil moisture level.

Capacitance sensors come in many configurations 
and many shapes. Due to the low cost and low power 
consumption capacitance sensors are common. 
The impact of temperature and conductivity on the 
measurement of volumetric soil moisture means they are 
suited to monitor relative changes of soil water content 
and require in-situ calibration for accurate measurement 
of volumetric soil water content (VSW%). Capacitance 
sensors have a small volume of measurement and are 
widely used for irrigation scheduling. 

Figure (above) shows down hole capacitance sensors varying in 
length and sensor spacing.

The small volume of measurement is 
proving a limitation for growers expecting a 
representative answer for large areas (hectares) 
with soil spacial variability. Approaches to 
irrigation scheduling that are more integrative 
such as tree measurements of water use (sap 
flow) are becoming more common.

ENVIROPRO SNiPs SNiP-EP4 SNiP-EP8 SNiP-EP12

SNiP Measures VWC % /Temperature VWC % /Temperature VWC % /Temperature

Core Sensor/Device (Multi-Point) EP100GL-04 EP100GL-80 EP100GL-120

Number of Multi-Points (self-
contained sensors per Device): 4 sensors (0-0.4m) 8 sensors (0-0.8m) 12 sensors (0-1.2m)

UOM  VWC % / °C VWC % / °C VWC % / °C

SNiP Node S-NODE S-NODE S-NODE

Sensors SNiP Supports Up to 4 Up to 4 Up to 4

Mounting / Power SPLM7 / SP10

Soil Moisture: Capacitance 

Multidepth
EnviroPro VWC % 
Temperature pg. 9

ICT 
S-NODE 
pg. 77
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Project Background 

For sustainable management of parks and lawned 
surfaces, it is important that the factors that influence 
changes in soil moisture content are understood and 
measured so that the irrigation conditions can be 
optimised to suit each location and the plant type. In 
2019 the Cairns Regional Council, in conjunction with 
Central Queensland University, commenced the Smart 
Urban Irrigation Project with the aim of optimising 
irrigation via the integration of best available irrigation 
equipment, real time monitoring data and the latest 
irrigation software.

The project investigated various aspects that influence 
soil water content in Cairns parks, including soil 
properties, plant characteristics, weather conditions, 
and management practices, with the aim of developing 
a computer model that would help control irrigation in 
Cairns parks. Two parks, the Eastern Lagoon and Fogarty 
Park, were selected for intensive investigation. The 
grasses in these parks have shallow root systems (<20cm 
depth) due to compaction and low soil infiltration rate, 
and currently require frequent irrigation. 

The researchers, Associate Professor Nanjappa Ashwath 
and Dr Biplob Ray, say that the data collected from this 
project will help minimise deep drainage so excess water 
and nutrients leaching into Great Barrier Reef can be 
reduced.

Smart Parks Irrigation Project 

Traditional irrigation systems typically operate on a timer and do not respond to weather conditions or actual 
plant water requirements. Smart irrigation systems which are responsive to plant water requirements can 
optimise water usage, improve plant growth, and reduce nutrient leaching into adjacent water bodies.
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Monitoring and Network solution 

Following Dual EM and infiltration surveys, soil 
moisture content at each of the two parks was 
monitored at three locations, each broadly 
representing low, medium and high moisture zones. 
At each location 4x MP406 moisture sensors were 
installed at 10, 30, 90 and 120cm depths. The MP406 
sensor was selected because of its capacity to 
measure VSW% accurately in the saline coastal soils. 

The MP406 probes were supported by an MFR-
NODE, which transmitted the data from each site 
over LoRaWAN to a solar powered gateway located 
on the rooftop of the CQUniversity in Cairns. Given 
the public nature of the site all monitoring equipment 
was housed in a subterranean junction box and 
battery powered. The 4G connection, gateway and 
nodes were administered using The Things Network 
(TTN) LoRaWAN server via 4G connection.  

Dashboard View of Past & Realtime Irrigation Drainage Data 

The interface has been set up to receive and translate LoRaWAN gateway signals in National eResearch 
Collaboration Tools and Resources (Nectar) Cloud which also hosts the Chronograf dashboard with the 
InfluxDB database to store, analyse, and manage the data. The Chronograf dashboard helps visualise the 
data and sends alerts based on events extremely low or high moisture content. The AI (Artificial Intelligence) 
powered brain of the system was also developed for automating the entire irrigation process.

Data from dashboard showing how the MP406 sensors are responding to daily irrigation or rain on the 18th, 19th, 20th December 2019. The Data 
assisted the park manager with an ability to discern moisture content of selected soil layers (for example 10cm depth) so a decision can be made 
to judge if the park is under or over-irrigated. 

This project was supported by Cairns Regional Council, the Australian federal Smart Cities Program and CQU's Centre for Intelligent Systems.

MP406 Soil Moisture Probes

ICT MFR-NODE buried in 
a subterranean junction 

box and battery powered.
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Jetfill Tensiometers

The force with which water is held in the soil by the soil 
particles, is referred to as soil suction, soil tension, or 
soil water potential. It indicates how tightly the water is 
bound in the soil, and how much energy must be exerted 
by plant roots to remove and use the water.

Jetfill tensiometers measure in the range 0-70 kPa. The 
tensiometer can measure very accurately small changes 
in soil water potential and because of the fast response 
these are immediate. The vacuum inside the tensiometer 
is measured by a vacuum transducer (ICTGT3-15), which 
gives a continuous analogue output signal. A resolution 
of 0.1 kPa is attained for this tensiometer transducer. 
Turf and vegetable crops are typically irrigated at 30kPa 
and cereal crops closer to 50 kPa.

The basic components of a tensiometer include a porous 
ceramic cup, a plastic body tube, water reservoir, and a 
vacuum transducer. The ceramic cup is placed in good 
hydraulic contact with the soil and allows transfer of 
water into and out of the tensiometer body according to 
the tension in the soil. The vacuum inside the tensiometer 
body equilibrates with the soil water tension, and there 
is direct response with a vacuum transducer.

Tensiomark for Soil Matric Potential

The Tensiomark is a fast response soil matric 
potential sensor which measures soil water 
tension from pF 0 up to pF 7 (1 up to 1,000,000 
kPa). Wilting point is 1,500kPa, Maintenance-
free and frost resistant, the Tensiomark bases 
its measurements on the thermal properties 
of the soil. Tensiomark is factory calibrated 
and has excellent accuracy and stability.

Figure (above): Left of plant root shows water-saturated soil; right of plant 
root shows dry soil with water particles sticking to soil particles.

Soil Tension, Suction & Matric Potential 

ICT 
MFR-NODE 

pg. 76

Jetfill Tensiometers  
with GT3-15  

Transducer pg. 12
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Soil Water Potential 
SNiPs

SNiP-GT3 SNiP-SMP

SNiP Measures  Soil Water 
Potential

Soil Matric 
Potential & 
Temperature

Core Sensor/Device GT3-15 Tensiomark

UOM kPa pF & ˚C

Range -100~ 
+100kPa

0~1,000,000kPa
-40~+80˚C

Accuracy ±2kPa (1% full 
range)

±3kPa 
& 5% FS

SNiP Node MFR-NODE S-NODE

Sensors SNiP Supports Up to 2 Up to 4

Mounting / Power SPLM7 / SP10

System Extension Soil Moisture, 
Precipitation Soil Moisture

Core Sensor/Device GT3-15 couples with 
preferred Jet-Filled Tensiometer (length/s):

ICT2725L06NG *  (15cm depth into soil)

ICT2725L12NG * (30cm depth into soil)

ICT2725L18NG * (45cm depth into soil)

ICT2725L24NG * (60cm depth into soil)

ICT2725L36NG * (90cm depth into soil)

ICT2725L48NG * (120cm depth into soil)

ICT2725L60NG * (150cm depth into soil)

* Jet Filled Tensiometer, Reservoir, Body & Cup

ICT  INTERNATIONALICT  INTERNATIONALICT  INTERNATIONAL 13ICT  INTERNATIONAL
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Soil Heat Flux

The rate of soil heating and cooling of the soil 
is proportional to its diffusivity, and is affected 
by water content, soil texture and compaction.

Soil heat flux can be calculated from 
temperature gradients or from changes in 
temperature based upon known thermal 
conductivity or heat capacity properties. 

However, as these thermal properties 
continually change with variations in soil 
moisture this approach is impractical and 
inaccurate. Direct measurement of the soil 
heat flux is the simplest approach to follow.

The SNiP-SHF package, for measurement of 
soil heat flux, includes 1 x HFP01 Soil Heat 
Flux Plate, 2 x THERM-SS Thermistors and 1 
x MP406 soil moisture probe. A pyranometer 
can optionally be added for measurement of 
incident solar radiation.

Soil Temperature

The THERM-SS (shown above, left) is a high-quality 
thermistor embedded in a protective stainless-steel 
body which can be used in a wide range of applications, 
from soil monitoring in agriculture to industrial landfill, 
or mine tailing and concrete monitoring. 

The ST01 is a high-quality temperature sensor that is 
specifically designed for soil temperature measurement 
in hostile conditions as encountered in outdoor 
installation (temperature, radiation, chemicals). 
Employing a platinum sensor, at extreme temperatures 
a higher accuracy can be attained than with commonly 
used thermistors.

Soil Temp SNiPs SNiP-STP SNiP-STP1 SNiP-SHF

Measures Soil 
Temperature

Soil 
Temperature

Soil Heat 
Flux

Core Sensor THERM-SS ST01 
(PT100)

HFP01, 
2x THERM-SS, 
1x MP406,

Sensors SNiP 
Supports Up to 2 Up to 2 N/A

UOM  °C °C W/m2, °C, 
%VSW

Accuracy ±0.5°C  
at 25°C

±0.2°C
at 25°C

±3% at 5°C
±5% Custom 
Calibration

SNiP Node AD-NODE AD-NODE MFR-NODE

Mounting /Power SPLM7 / 
SP10

Optional 
SNiP 
Extensions

Soil 
Moisture / 

Precipitation

Soil  
Moisture / 

Precipitation

Solar 
Radiation

Soil Heat Flux & Temperature 

ICT 
MFR-NODE 

pg. 76

MP406 Soil Moisture 
Probes pg. 6

Soil Heat Flux 
HFP01 pg. 14

THERM-SS pg. 14
Temperature

THERM-SS pg. 14
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Apogee Soil Oxygen Sensor

The Apogee soil oxygen sensor (SO-411 shown above 
with AO-001 Diffusion Head) is used to continuously 
monitor soil oxygen concentration; which is crucial to the 
productivity of crops such as avocado, cotton, tomato 
and tobacco. Anaerobic soil conditions prevent uptake of 
water as the roots cannot respire due to excess water in 
the soil profile and daily water use rapidly declines with 
resultant significant crop yield loss.

There are two types of O2 in soil – soil pore O2 and 
dissolved O2 in soil solution. Soil pore O2 directly impacts 
upon plant health, and dissolved O2 upon soil microbial 
health. A great equilibrium exists between these two 
‘zones’ hence simply measuring the bulk soil O2 is enough. 
The SO-411 comes with a thermistor temperature sensor 
to correct for temperature changes and a heater to 
raise the temperature of the membrane approximately 
two degrees above ambient temperature to keep 
condensation from occurring on the teflon membrane 
and blocking the diffusion path of the sensor.

Soil Oxygen SNiPs SNiP-ASO

Measures Soil Oxygen %

Core Sensor SO-411-SS

Sensors SNiP Can Support Up to 4

UOM  % [O2]

Measurement Repeatability <1%

SNiP Node S-NODE

Mounting /Power SPLM7 / SP10 / AO-001

Optional SNiP Extensions Soil Moisture/Temperature

Oxygen concentration over 3 days. The oxygen level in the soil 
started at 20.9%. Immersing the plants completely in water 
resulted in the plant roots and soil microbes quickly exhausting 
the soil oxygen supply leaving it anaerobic.

Soil Oxygen 

ICT 
S-NODE 
pg. 77

Apogee Soil Oxygen 
SO-411-SS pg. 15

15ICT  INTERNATIONALEnabling better global research outcomes in soil, plant & environmental monitoring

https://www.ictinternational.com


Realtime Nutrient Drainage with the GL300

Drainage volume, and nutrient loss, are important 
measurements for determining fertiliser and water use 
efficiency and for measuring environmental performance. 
The GL300 Gee Lysimeter System is installed to determine 
discharge (rates and volume) of water and solutes draining 
from the vadose zone into groundwater. The Passive 
Wick Gee Lysimeter (Fluxmeter) collects drainage water 
from below the root zone of a crop. The combination of 
this system with the drainage control tube (DCT) allow 
the lysimeter to collect an accurate volume of drainage 
water, minimising the risk of either bypass flow (water 
flowing around the lysimeter without entering it), or 
convergent flow (water moving preferentially into the 
lysimeter instead of draining beside it). A submersible 
pressure sensor continuously measures reservoir volume, 
for real time drainage monitoring. System extensions can 
include a rain gauge and soil moisture array. The GL300 
Autosampler's reservoir can optionally be automatically 
drained into sample bottles on the surface - ideal for use 
in remote areas or at sites with high rates of drainage.

Ground Strip Lysimeter

The GroundTruth Lysimeter System combines a very 
large repacked strip lysimeter with automated, realtime 
drainage measurement and water sampling. This allows 
accurate measurement of nutrient losses in the field, 
viewable in real-time. Each strip lysimeter is a transect, 
usually 10m long. Actual dimensions can be larger and are 
tailored to the site. One 10m long, 4m² lysimeter has an 
equivalent capture area to twenty 50cm diameter column 
lysimeters, eighty 25cm diameter miniature lysimeters, 

or approximately 500 suction cups. All water 
that drains through this lysimeter is pumped to 
a LoRaWAN-connected autosampler, located 
up to 100m away. This allows the lysimeter to 
be placed in a representative area of a field, 
while the only above-ground device is at the 
fence-line. All research and maintenance can 
occur without entering the field, and without 
disturbing the crop. The autosampler measures 
real-time drainage volume and collects a 1% 
flow-proportional subsample of all drainage 
for later laboratory analysis, e.g. nutrients, 
microbiology, pesticide residues. The collected 
volume is available online and via email alerts, 
so the site only needs to be visited when an 
actual sample requires collection.

GroundTruth Lysimeter With Autosampler

Soil Nutrient Drainage Monitoring 

MP406 Soil 
Moisture Probes 

pg. 6-7

ICT 
MFR-NODE 

pg. 76
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GTLA GroundTruth Lysimeter

Comparing Lysimeter Size & Area

Standard Column Lysimeters

(25cm)
0.05m2

(10m)
4.0m2

Wick

(50cm)
0.2m2

Integrated Soil 
Water Drainage SNiPs SNiP-GLD-ML SNiP-GLH-ML

SNiP Measures Water and nutrient drainage below the root zone, with sampling access

Core Sensor/Device
Gee Lysimeter,

1x TPT Submersible Pressure 
Transmitter

Gee Lysimeter,
1x Level/Temp/EC Sensor

Measurement Range 0-173mm of drainage;
0 to 350 mbar

0-173mm of drainage;
0-1 bar

Sensor IP Rating IP68 - Sensor can be submerged in water to 1m depth

SNiP Node MFR-NODE S-NODE

Node Standard 
Comms Options LoRaWAN, LTE-M Cat-M1 LoRaWAN, LTE-M Cat-M1

Mounting / Power
10W Solar Panel & SPLM7, 

6.5Ah rechargeable 
li-ion battery

10W Solar Panel & SPLM7, 
6.5Ah rechargeable 
li-ion battery

Optional SNiP 
Extensions:

Tipping bucket rain gauge, and 
soil moisture probes (SMT-100 or MP-406) can optionally be added.
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IoT (Internet of Things) provides near real-time 
data from sensors deployed to monitor the physical 
environment. Sensing requirements and the 
applications are broad. Examples can range from a 
geotechnical engineer monitoring soil drainage on 
a landfill site to a forester looking at rates of carbon 
sequestration in a native plantation. 

Real time data collection provides information 
for real time asset management, offsets labour-
intensive data collection, and provides surety of 
data collection for research applications.

The IoT technology used for data delivery will vary 
between site and sensing requirements; there is no 
one technology which will best suit every application. 

ICT International’s focus is always on the sensing, 
our approach to IoT is agnostic; providing a suite of 
IoT Nodes which will support the most appropriate 
sensors for the application while also providing the 
best form of connectivity for the installation site 
and monitoring network. 

Environmental 
Monitoring  
Research

Forestry
Management

Mining, Landfill
& Geotechnical

Green Building
Management

Water Catchment,
Level & Flow

Horticulture

Agriculture

Understanding IoT Sensing Networks 

Pyranometer
Solar Radiation
pg. 54

ICT
NODE
pg. 74-79

SFM1x (LoRaWAN)
Sap Flow Meter
pg. 22

MP406 Soil Moisture Probe
pg. 6-7

DBV60 Band
Dendrometer
Tree Swelling
pg. 28

MetOne Weather Station 
pg. 48

ICT Gateway
LoRaWAN
pg. 80-81

Open Format Data 
Compatible With

Flexible Connectivity pg. 74-77

LTE-M 
Cat-M1/ 
Cat NB1 

Satellite
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Key Features:

 □ LoRaWAN™ low-power long-range client
 □ LoRa® Peer-to-Peer (P2P) connectivity
 □ AT command set
 □ The built-in AT command allows to 

user to configure the radios.

LoRaWan Test Kit - USB Radio with LoRa® P2P 
ICT International’s LoRa Survey Kit is the ideal tool for 
determining LoRaWAN network range, infrastructure 
requirements and identifying site constraints, prior to 
gateway installation. The LoRa Survey Test Kit contains paired 
LoRa transceiver and receiver USB dongles, antennas and a 
power bank; it works out-of-the-box for Windows 10, Linux, 
and MacOS (with drivers available for Windows 8). The built-
in AT command allows the user to configure the radios.

Planning Node & Gateway Locations For A LoRaWAN Network 
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Notes

ICT International’s integrated Sensor Node IoT 
Packages (SNiP) provide off-the-shelf pre-configured 
monitoring solutions. The range of Base SNiPs 
provided within this catalogue includes sensor(s), 
node, power and mounting accessories.  

The SNiP can be expanded to incorporate multiples 
of the base sensor or customised to include other 
compatible sensors and accessories. Contact ICT 
International to discuss the best SNiP and IoT 
system for your application.

SNiP Extensions

Sensor-Node IoT Packages (SNiPs) 

1x MFR-NODE pg. 76

1x Solar Panel 
+ Rechargable Li-ion Battery

1x MP406 Sensor

1x Solar Panel/Node Mounting Frame

2x MP406 Sensor 
pg. 4-7

1x Rain Gauge Sensor 
pg. 45

With Power 
& Frequency 

Calibrations pg. 
74-75

Base SNiP: SNiP-MP4 pg. 6-7
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Sensor-Node Integrated Package (SNiP) for Citrus Irrigation Monitoring

Sensor-Node Integrated Package (SNiP) for Banana Irrigation Monitoring

Sap Flow Meter on Young Banana Corm

Sap Flow Meter on Citrus Tree pg. 22

A custom SNiP 
setup with sensors 
that cover the Soil-
 Plant-Atmosphere 
Continuum to 
monitor and manage 
irrigation and fertiliser 
in response to the 
conditions placed on 
the  Banana crop.

Example SNiP Setups for Fruit Crop Applications 

ICT 
MFR-NODE 
pg. 76

DBS60 Band 
Dendrometer pg. 28

SFM1x (LoRaWAN)
Sap Flow Meter

pg. 22

ATH-2S
Air Temp

Humidity pg. 52

MP406 Soil Moisture 
Probes pg. 6-7

ICT 
MFR-NODE 
pg. 76

SFM1x (LoRaWAN)
Sap Flow Meter
pg. 22

ATH-2S
Air Temp
Humidity 

pg. 52

MP406 Soil Moisture 
Probes pg. 6-7
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RATED
IP65

IoT Nodes for researchers, agriculturalists, horticulturalists, 
foresters, geotechnical engineers, miners, utilities and asset 
managers.

ICT International’s implementation of IoT is guided by over 30 
years’ experience in environmental sensing. ICT International 
IoT Nodes are designed specifically to measure key soil, plant 
and environmental parameters, and encapsulate all the 
important features in a sensing communication:

Specific Sensor Inputs
ICT International IoT Nodes support the output signals used in 
environmental sensing: SDI-12, and high-resolution analogue 
and digital. For highly specialised monitoring, such as Sap 
Flow, we engineer custom built and scientifically validated 
stand-alone products.

Flexible Connectivity
ICT International’s push towards an agnostic connectivity 
platform is a recognition that the most appropriate form of 
connectivity will vary between monitoring sites and networks. 
The IoT platform provides exchangeable LPWAN solutions 
with options for satellite coming soon.

Open Format Data 

ICT International's LoRaWAN and LTE-M Cat-M1/Cat NB1 
Nodes provide data which is open-format and free from 
proprietary formatting or decoding. This provides the end 
user full control of data from the point of sensing, and allows 
flexibility in the collection, storage and viewing of data. 

Adaptable Power System
Not all environmental sensors are designed for low power IoT 
applications. ICT International’s IoT Nodes provide flexible 
power options, including options for external 12 - 24VDC 
supply, rechargable 6.5Ah or 13Ah Lithium-Ion batteries or a 
non-rechargable Lithium battery pack.  

Environmentally Sealed
ICT International’s IoT Nodes are IP65 rated and have 
been demonstrated to operate in extreme environmental 
conditions, from hot Australian deserts to tropical Indonesian 
rainforests to the Arctic Tundra.

Understanding IoT Nodes 

Enabling better global research outcomes in soil, plant & environmental monitoringICT  INTERNATIONAL74

https://www.ictinternational.com


LoRaWAN Nodes MFR S AD EF LVL

Radios LoRa, LoRaWAN, FSK
Multi-Constellation GNSS
LTE Cat M1/Cat NB1/EGPRS

LoRaWAN AS923 (Asia)
AU915 (Australia)

US915 (United States)
EU863-870 (Europe)
CN470-510 (China)
IN865-867 (India)

Sensor Inputs SDI-12
1x 24-Bit Analogue
4x 24-bit Analogue

4x Dry Contact Digital Inputs
RTD/Thermistor (2x Precision 24-Bit)

4-20mA 
Frequency 0-100kHz
RF Noise Detection

0-10m  or 0-5m Ultrasonic Level Sensor

Interfaces USB Serial Console
LoRaWAN Downlink Config

Features Periodic Reporting
Threshold-Based Alarm
SD Card (Data Storage)

SNiP (Sensor Node IoT Pack) 
3-Axis Accelerometer

Power Non-Rechargable Lithium
Rechargable Lithium

External DC Solar Input
External DC Supply

Enclosure IP65 Polycarbonate
Custom

  Hardware Ready    |      Product Variants

Frequency
Bands
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MFR-NODE: Multifunction Research Node
The MFR-NODE has been designed to provide 
flexible communication, sensor and power 
options. 

The MFR-NODE supports SDI-12, four 
32-bit dry-contact counting digital 
inputs and four single-ended (two differential) 
0 - 3V analogue inputs, with selectable 12V, 5V 
or 3V excitation and a 0-100khz frequency input.

With an onboard SD-Card, the MFR-NODE provides 
stand-alone data logging capabilities and full data  
redundancy in the event of temporary loss of communications 
or dropped packets – ideal for research applications. Data is 
stored in csv format for ease of use.

The MFR-NODE supports sensors with higher power 
requirements; a solar panel can charge either the internal 
lithium-ion battery or both the node and sensor can be powered 
by an external DC power system (e.g. battery or mains source).

LTE Cat M1/Cat NB1/EGPRS provides the option for remote 
installation in areas outside the range of LoRaWAN networks. 

Fully encrypted data communications, with JSON or csv files 
transmitted over MQTT(S) to a user-defined broker with 
dedicated MQTT support Microsoft Azure Iot Hub.

M
FR

ICT International IoT Nodes 

Key Features:

 □ LoRaWAN™ low-power long-range 
connectivity;

 □ LTE Cat M1/Cat NB1/EGPRS;
 □ SD Card for data storage in csv format;
 □ SDI-12;
 □ 4 x 32-bit dry-contact counting digital 

inputs;
 □ 24-bit ADC for 2x differential / 4x 

single ended sensor, selectable 3V, 5V 
or 12V excitation;

 □ 0-100khz frequency input;
 □ Solar rechargable 6.5Ah or 13Ah 

Lithium-ion or external DC power;
 □ MQTT and MQTT(S);
 □ Microsoft Azure IoT Hub support.
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S-NODE: For Environmental Monitoring (SDI-12)
The S-NODE has been designed to support the 
broad suite of SDI-12 based environmental 
sensors and includes four on-board sensor 
inputs and the capacity to support additional 
sensors which are bussed externally. 

With a power system based upon either a 
6.5Ah or 13Ah rechargable lithium-ion battery 
or external DC power source, the S-NODE can 

support those sensors with higher power requirements. 

LoRaWAN provides capability for full remote configuration 
through downlinks, including enabling/disabling confirmed 
messaging and changing the report interval.

LTE Cat M1/Cat NB1/EGPRS provides the option for remote 
installation in areas outside the range of LoRaWAN networks. 

Fully encrypted data communications, with JSON or csv files 
transmitted over MQTT(S) to a user-defined broker with 
dedicated MQTT support Microsoft Azure Iot Hub.

 □ LoRaWAN™ low-power long-range 
connectivity;

 □ LTE Cat M1/Cat NB1/EGPRS;
 □ Supporting physical connection of four 

SDI-12 sensors;
 □ Additional sensors externally bussed;
 □ Solar rechargable 6.5Ah or 13Ah 

Lithium-ion or external DC power;
 □ Optional Multi-constellation GNSS;
 □ MQTT and MQTT(S);
 □ Microsoft Azure IoT Hub support.

S

77ICT  INTERNATIONAL 77Enabling better global research outcomes in soil, plant & environmental monitoring

https://www.ictinternational.com


AD-NODE: For High Resolution Analogue & Digital Sensors
The AD-NODE is designed for those requiring 
precision in their analogue and digital 
measurements. 

With a 24-bit ADC, the AD-NODE supports two 
thermistors/RTDs, a 0–1.5V and a 4–20mA 
input. Each of the four dry-contact digital inputs 
is capable of simultaneously sampling at 1 kHz, 
with periodic reporting. Settings on the device 

can be altered remotely via LoRaWAN™ or locally via USB.

AD
LoRaWAN Nodes 

 □ LoRaWAN™ low-power long-range 
connectivity;

 □ 2x 24-bit RTD;
 □ 1x 24-bit Voltage input (0-1.5V);
 □ 1x 24-bit 4 – 20mA;
 □ 4x 32-bit dry-contact counting digital 

inputs, 2 x digital outputs;
 □ AA Lithium Energizer batteries;
 □ Fully reconfigurable via LoRaWAN™ 

downlinks.
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LVL-NODE: Ultrasonic Water Level Monitoring
A low-maintenance ultrasonic level sensor with 
LoRaWAN is a drop-in solution for monitoring all 
types of fluid levels. 

Automatic threshold-based alarms for low or 
high-level conditions are reported in seconds, 
reducing response time. Backed by long-range 
low-power LoRa radio, each sensor has a 
designed battery life of up to 15 years with daily 

reporting. The ultrasonic sensor is designed to be mounted 
above the target fluid to be monitored and automatically 
filters out echoes from minor obstructions (different filtering 
available on request). 

A ruggedised version with IP66-rated connectors and corrosion-
resistant sensors is available. Integrating incoming data into 
existing systems is as easy as connecting to a LoRaWAN server 
and receiving data within seconds of it being sent.

 □ LoRaWAN low-power long-range 
connectivity, & Multi-Constellation GNSS;

 □ Up to 10 metres ±1 cm precision, 5 
metres with ±1mm precision;

 □ Up to 15 years battery life with multiple 
reports per day;

 □ Fully reconfigurable via USB or 
LoRaWAN downlink;

 □ Level alarm mode with periodic sampling.

LV
L
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