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1. Introduction 

The warranty orients itself on the statutory regulations. Specifications can be found under item 7 to 9 

in our general business terms and conditions, which you can find in the appendix.  

 

If a defect is found in our product, please notify us immediately by fax or e-mail. 

1.1. Safety Instructions 

Tensiometers are measurement devices for the determination of soil water tension and should 
only be used for that purpose. Please note that damage due to improper handling may not be 
covered by warranty. 

 

Please attend to the following safety instructions for your own protection and for maintaining the 
full functionality of the device: 

 

CAUTION  Freezing of water within the tensiometer may result in permanent 
damage of the tensiometer. Make sure to store the tensiometer 
in a frost-free environment. At temperatures below 0° C the 
tensiometer should not be used for measurements. 

Protect from  

frost 

 

   

CAUTION  High pressure may lead to permanent damage of the pressure 
transducer. Avoid installing the tensiometer with high pressure 
surges.  

 

Protect from  

high pressure 

 

 

CAUTION  Sudden pressure drops inside the tensiometer may result in 
permanent damage of the pressure transducer.   

Protect from sudden 
pressure drops 
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CAUTION  Mechanical forces may result in damage of the ceramic and/or the 
pressure transducer. Prevent jolting or hard hitting as well as 
partial pressure on the ceramic by rocks in the soil. 

Protect from 
mechanical forces 

 

 

 

CAUTION  Grease, talc and solvents may influence the properties of the 
ceramic cup. Aggressive media may affect the whole device and 
leads to permanent damage. Do not touch the ceramic with bare 
hands. Use only pure water and no detergent for cleaning. 

Protect from 
chemical influences 

 

CAUTION  To remove or insert the tensiometer from or into the protective 
case turn the tensiometer only to the right. 

Use only clockwise 
rotations 

 

 

1.2. Scope of Delivery 

 

Please note that the tensiometer is delivered together with a protective case. Additional accessories 
such as connection cables, a data logger, an installation auger or standpipes, etc. can be found and 
purchased under Accessories.  
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2. General Information 

2.1. What are Tensiometers? / What is Tension? 

Tensiometers are measurement devices for determining the soil water tension. The soil water 
tension describes all influences exerted on the water by the soil matrix and is also called the 
matrix potential (or simply pressure head). The tension is defined as a negative pressure and 
therefore is signed positive if the applied pressure is negative. A pressure of -50 kPa in the pore 
water accords a tension of 50 kPa. 

The tension is closely linked to the water content of a soil. The dryer a soil, the higher is the 
tension. At the groundwater surface, the tension is zero. The relationship between water content 
and soil tension is soil specific and depends highly on the soil properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Exemplary retention curves of different soil types 
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2.2. What are Tensiometers used for? 

The tension corresponds to the force which a plant has to apply via the roots to extract water from 
the soil pores. Among other applications, tensiometers can be used for irrigation control and for 
evaluations of global warming impacts on ecosystems. The difference between the tensions at two 
points within the soil acts as the driving force for soil water transport. Determining this gradient by 
using tensiometers enables the evaluation of water movement in the soil regarding flow direction 
and velocity. Tensiometer measurements are essential for the comprehensive analysis of the 
water balance of a region or an ecosystem.  

 

2.3. How Does a Tensiometer Work? 

The operating principle of the Full Range Tensiometer differs slightly from water filled 
tensiometers. Both kinds of tensiometers consist of an air-tight sealed, liquid-filled measurement 
chamber, a unit where the pressure transducer is located, and a porous cup, usually made out of 
ceramic. The pores of the ceramic cup are filled with water and connect the liquid of the 
measurement chamber inside the tensiometer with the water in the soil outside the tensiometer. 
By connecting the two liquid bodies the pressure conditions inside the tensiometer are always 
adjusted to the pressure conditions of the water in the surrounding soil. If the soil dries, water will 
flow through the pores of the porous tensiometer cup from the measurement chamber into the 
soil. In case of water filled tensiometers the measurement volume is filled with water. Water that 
leaves the measurement volume via the pores of the ceramic creates a negative pressure inside 
the tensiometer. If the surrounding soil is wetted again, for example by a precipitation event or 
irrigation, the negative pressure decreases in the surrounding soil and water flows from the soil 
into the measurement volume, whereby the negative pressure in the measurement volume is 
reduced again. 

In case of the Full Range Tensiometer the measurement volume is filled with water that is bonded 
to a polymer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Water 

Porous Cup 

Soil Particle 

Air 

Water 

Schematic representation of the functional priciple of a tensiometer 
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The measurement principle of the Full Range Tensiometer is based on a known pressure in the 
measurement volume that is reduced by the soil tension.  

 
The measurement range of conventional, water-filled tensiometers is physically limited by the 
boiling point of water, which is pressure- and temperature-dependent. The boiling point inside the 
tensiometer and thus the upper limit of the measurement range depends on the ambient 
atmospheric pressure and ambient temperature. At 20 °C and 950 hPa barometric pressure the 
water starts boiling at approx. -926.6 hPa.  
The second physical limit is defined by the air entry point of the ceramic. This point is reached 
when the negative pressure is high enough to suck air through the biggest pore of the ceramic.  
The upper limit of the measurement range of a tensiometer is defined by which point is reached 
first. If this tension is exceeded the tensiometer stops working.  

 
Due to the bonding of water to the polymer the physical measurement limit of approximately 
1 bar does not account for the Full Range Tensiometer. The Full Range Tensiometer cannot run 
dry like water filled tensiometers and is able to measure soil tensions up to 5 or 15 bar, 
respectively. For soil tensions out of the measurement range the Full Range Tensiometer simply 
does not function properly. When the soil tension is back in the measurement range, the Full 
Range Tensiometer simply starts to work properly again. No refilling of the tensiometer is needed. 
Additionally, the Full Range Tensiometer also measures the ambient temperature.  
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3. Set Up and Technical Parameters 

3.1. Set Up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Technical Parameters and Available Accessories 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Technical Parameters 

Measurement range Tension -100 … 500 kPa  

-100 … 1500 kPa (model-specific) 

Accuracy 1% of the measurement range 

Operating temperature +1… +39 °C (surrounding soil temperature) 

Operating pH-value pH 2 … pH 10 

Power supply / Supply voltage 20 mA / 5 … 20 V 

Interface output signal RS485 / Analog output signal available on request 

Dimensions Ø25 mm, Length 150 mm 

Optional  equipment 

 Cable (standard length: 1.5 m, customizable) 

 Installation auger 

 Standpipe (length customizable) 

 Data logger / Software 

Ceramic cup 

Stainless steel shaft 

Plastic case                                                               
(optional with thread for standpipe) 

Connector 

Plug 

Cable (not included in delivery) 
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4. How to Use the Full Range Tensiometer? 

The tensiometer is delivered in a wet state and thus ready to use. If the tensiometer has dried during 
the delivery or subsequent storage it has to be saturated prior to the installation. Therefore, place the 
ceramic cup of the tensiometer in distilled water for at least 24 hours. Keep the ceramic cup wet 
during transportation by using the protective case until installation. If the tensiometers are not 
installed store them in a dry state with the ceramic cup exposed to the open air at temperatures 
between +1°C and +39°C to ensure lasting functionality. 

 

 

4.1. Installation of the Full Range Tensiometer 

Be careful to not touch the ceramic cup with bare fingers during installation. In general it is 
recommended to install the tensiometers in wet soil. Dry soil complicates the installation 
significantly and can lead to damage of the tensiometer. If you are unconfident about the 
installation, contact us for advice or support from our trained staff. 

 

Connect the tensiometer cable to the connector of the tensiometer and screw the cap hand tight. 
Check that the cable reaches from the installation site of the tensiometer to the data logger. 

 

The tensiometer can be installed horizontally or vertically. In both cases make sure that the whole 
plastic case (including plug) is buried to prevent temperature conduction via the case which may 
influence the measurement. 

For the vertical installation use an installation auger to prepare the installation hole in the desired 
depth. The auger, which can be found under Accessories, are designed in a way that the 
surrounding soil is influenced as little as possible and the ceramic cup can be installed providing 
good connection with the surrounding soil. In dry conditions it is recommended to wet the soil by 

Caution! 

Freezing of the tensiometers may cause irreparable damage of the ceramic, the pressure transducer or the 
polymer. Temperatures over 40°C may change the polymer and cause faulty measurement readings. 

Note: 

If you expect a high ion concentration in the surroundings (e.g. soil or irrigation water) while operating the 
Full Range Tensiometer a calibration under the expected site conditions is highly recommended. The 
calibration can be carried out by following the instruction in section 5 or by our trained UGT staff. 

Note: 

To operate the Full Range Tensiometer a connection cable is needed, which is not included in the scope of 
delivery. Suitable cables of different lengths can be found under Accessories. 

Caution! 

Inside the cable is a capillary for pressure equalization.  
Buckling or squeezing the cable may cause irreversible damage to the cable. Coiling the cable too tight 
may cause insufficient pressure equalization which results in incorrect measurements. 
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filling water into the borehole until the soil in the area of the ceramic cup is well soaked. Now, press 
the tensiometer carefully with the ceramic cup first into the borehole. 

 

For installation depths over 20 cm use a standpipe (can be found under Accessories) for secure 
positioning of the tensiometer and for being able to retrieve it later. Lead the tensiometer cable 
through the standpipe and screw the standpipe onto the thread on the upper end of the plastic 
case. The standpipe remains in the soil with the tensiometer. 

For measurements close to the surface it is recommended to install the tensiometer horizontally 
and with the whole casing buried in the ground. Therefore, dig up the soil up to the designated 
measurement depth that the sensor can be placed horizontally in the hole. Check that there are no 
rocks at the designated penetration spot of the tensiometer. Place the tensiometer horizontally in 
the hole and push the ceramic cup into the side wall of the hole. If the soil is too hard to push the 
tensiometer into it, prepare an according cavity on the side wall of the hole. Make sure that the 
tensiometer rests stable before refilling the hole. Otherwise subsidence may cause shear forces that 
lead to fracture of the ceramic cup. 

The installed tensiometer has to be connected to the data logger via a tensiometer cable. The cable 
may also be buried in the ground. It is recommended to always protect the cable against damage 
caused by animals. If possible, always use a cable with a suitable length for the designated 
measurement site. Unnecessarily long cables can limit the function of the tensiometer. To prevent 
the intrusion of moisture through the pressure equalization capillaries at the end of the cable, it is 
recommended to place a suitable desiccant at the cable connector (inside the data logger).  

 

4.2. How to Operate the Full Range Tensiometer? 

The Full Range Tensiometer starts measurements with an initial overpressure (Pref) inside the 
measurement chamber, which is then reduced by the soil tension. The soil tension is thus 
calculated based on the difference between Pref and the currently measured pressure inside the 
measurement chamber:  

                

The overpressure in the measurement chamber is temperature dependent. In consequence Pref, 
which was determined during the calibration process under specified temperature conditions, has 
to be adjusted to the current measurement temperature. The estimation of Pref in equation 1 by 
using the measured temperature is done via the following equation:  

             

                

                                                      

                                           

                                      

                                   

Caution! 

Rocks or obstacles in the soil may damage the ceramic cup if the force exerted on the tensiometer is too 
high. 

(1) 

(2) 
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The parameters CT and P0 are determined and preset by UGT prior to delivery. Due to aging of the 
polymer P0 might be subjected to drift and should be calibrated regularly (see chapter 5). In 
individual cases it might be also necessary to re-calibrate the temperature coefficient CT.  
 
This can be done by using the provided excel-file “Full Range Tensiometer” (see explanations in 
chapter 5) or by trained UGT staff. 

 

4.3. How to Use the Full Range Tensiometer with a UGT Data Logger 

A RS485-Interface is required to connect the Full Range Tensiometer to the UGT Data logger or any 
other device with a digital interface. The following chapters describe the communication between 
the Full Range Tensiometer and the data logger. 

 

4.3.1. Interface and power supply 

Mechanical Properties Electrical Properties 

Full Range Tensiometers are 
connected via a ventilated 4-pol 
connector 

The power supply of the connected sensor is carried out via 
two pins 

 The supply voltage must be in the range of 5 to 20 V DC 

 The remaining two pins are the differential lines of the 
RS485 interface 

 

Pin Assignment (For color assignments of the pins, see calibration certificate!) 

Pin 1  VCC 

Pin 2  RS485 (A)   

Pin 3 RS485 (B)   
 

Pin 4  GND 

 

Transmission Parameters: 

 Parameters for the serial interface (UART) are 9600 8N1  

(9600 baud, 8 data bits, no parity, 1 stop bit) 

 The RS485-Interface enables the operation in half duplex mode 
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4.3.2. Protocol 

The logger communication protocol is based on the fact that the data logger acts as the only 
master on the RS485-Bus and the sensors act as slaves. In consequence, requests are only 
committed by the master and answered by the addressed slave (Response). 

The data are transmitted in the form of ASCII - coded characters. The control character 0x0D 
(or CR, \r) shows the end of the line. 

Every physical value (pressure, temperature …) recorded by the Full Range Tensiometer is 
readable via an own address.  
 
 
 
 
 

 

4.3.3. Data Polling  

The table below shows the procedure of data polling (exemplary for channel 1). To get the 
specific value the master first has to send a request: OP1\r (OP 1\r or hexadecimal 4F 50 20 31 
0D). The sensor confirms this with OK\r and responds to the following GN\r request with the 
measurement value. 

Master Sensor 

OP 1\r  
 OK\r 
GN\r  
 009000\r 

  

The number within the OP 1\r command stands for the channel. The channel assignment of the 
sensor is listed below. 

 

4.3.3.1. Analog Version 

The analog versions of the Full Range Tensiometer provide an analog output signal. The 
pressure and temperature readings are exported in form of a voltage, for example between 
0 and 1 V (customizable). The voltage has to be transformed into a temperature and 
pressure signal. The equations to transform the sensor signal into a measurement value 
(pressure and temperature readings) can be found on the enclosed calibration certificate.  
The conversion into the tension has to be done by using equations 1 and 2. This can also be 
done by using the provided excel file “Full Range Tensiometer” (see chapter 5). The 
temperature data can be requested on channel 2 and the pressure data on channel 3. 

 

Caution! 

When distributing addresses, please make sure not to use the same address twice! 
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4.3.3.2. Digital Version 

The digital versions of the Full Range Tensiometers provide a digital output signal for the 
temperature and pressure readings. The transformation of the digital signal in a 
measurement value is shown below. 
The conversion into the measured soil tension has to be done by using equations 1 and 2, 
which can be also carried out by using the provided excel file (see chapter 5). The 
temperature data can be requested on channel 2 and the pressure data on channel 3, 
respectively. 

 

Conversion of the digital output into a measurement signal: 

The Full Range Tensiometer sends a six-digit number in the range of 000000 to 065536. 
Those are converted as follows: 

 

Temperature:  

The measurement range of the temperature sensor installed in the Full Range 
Tensiometer is limited to -40 °C to +60 °C. However, the digital version of the Full Range 
Tensiometer is able to display temperature values between - 327.68 °C and +327.67 °C 
with a step size of 0.01 °C. The temperature value is obtained from the digital number 
by the following equation: 

 

  
                      

   
 

 

Note, that the measurement range of the temperature sensor limits the measurement 
range of the Full Range Tensiometer. 

 

Pressure:  

The digital version of the Full Range Tensiometer is able to display pressure values 
between - 100.0kPa to +3176.8 kPa with a step size of 0.05 kPa. However, the 
measurement range of the pressure transducer is limited to -100 kPa and the 
customizable upper limit, e.g. 500 or 1500 kPa. For specifications see the included 
calibration certificate. The pressure value is obtained from the digital output by the 
following equation:  

 

          
                           

     
        

 

Note, that the measurement range of the pressure sensor limits the measurement range 
of the Full Range Tensiometer. 
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4.3.4. Channel Configuration 

The Full Range Tensiometer has four channels for data polling. Channel 1 and 4 are used only 
for UGT services/calibration. The calculation of the tension is done via the values from channel 
2 (corr. temperature) and 3 (pressure), which are the channels of main interest for the user.  

To set the address for a specific channel you have to use the command „SAD”. For example the 
command „SAD2 100\r“ changes the address of the temperature to 100.  

 

Master Sensor 

 
OP 1\r 

 

 OK\r 
SAD2 100\r  

 OK\r 

 

Now it is possible to get the temperature value with the command „OP100\r”. The address for 
a specific value can be obtained with the command „GAD”. 

 

Master Sensor 

 
OP 1\r 

 

 OK\r 
GAD2\r  

 100\r 

 

For the case that no address is known, you can switch the command „OP 1\r“ in the example 
above with the command „OP+Serialnumber\r” (e.g. OP201500101\r). 

 

5. Maintenance 

The Full Range Tensiometer is basically maintenance free and can remain in the field even for longer 
periods. In case of malfunctioning, the manufacturer should be contacted in any case. 

 

Caution! 

The case of the tensiometer must not be opened under any circumstances. The single parts are not separable. 
An open case causes irreparable damage of the tensiometer and forfeits all guarantee claims. 

Note: 

Under site conditions with a high ion concentration ion exchange between the surroundings and the polymer 
inside the Full Range Tensiometer can lead to changes of the polymer. If you expect a high ion concentration in 
the surroundings (e.g. soil or irrigation water) while operating the Full Range Tensiometer a calibration under 
the expected site conditions is highly recommended. For soils with a high ion concentration we recommend to 
carry out the following calibration steps by using a saturated soil sample of the soil of interest. 
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5.1. Calibration of the Full Range Tensiometer  

The Full Range Tensiometer is factory calibrated that the measured tension equals 0 kPa at a 
water temperature of 20 °C when the ceramic cup is saturated and placed on the free water 
surface.  
Aging of the polymer can lead to a slow decrease of the maximum measurable pressure value 
(initial pressure in the measurement volume) resulting in a shift of P0. This can be recognized as a 
drift in the data. In this case the tensiometer has an offset and no longer displays 0 kPa for a 
saturated ceramic on the free water surface at 20° C. 

A drift in the measurement readings for long measurement periods can be corrected by 
determining the maximum pressure before and after the measurement campaign. To determine 
the maximum pressure value put the tensiometer at least for 3 hours in water with a free surface 
(e.g. water filled beaker) and a constant temperature of 20 °C. Note that the ceramic is not 
allowed to touch the bottom of the water tank and that the ceramic cup should not be touched by 
any holding device. Comparing both values, the offset can be determined and the data set can be 
adjusted linearly. 

 

 

 

 

 

 

 

 

Under the assumption that CT did not change, the estimation of P0 is done as follows:  

                     

 

                                                    

                                   
 

Use the new P0 value for all further readings. Further, a simplified calibration with a parallel 
conventional tensiometer at the measurement site is possible. For this the offset between the Full 
Range Tensiometer and the conventional tensiometer is determined and subtracted from the 
reference pressure. 

To ensure the correct function of the tensiometer a complete check-up and maintenance through 
UGT GmbH in a yearly interval is recommended.  

Alternatively, the calibration can also be carried out by our trained staff when providing us with a soil sample 
of your soil of investigation. 

 Correct (left) and incorrect (middle and right) positioning of the Full Range Tensiometer for the determination of 
the maximum pressure in a temperature controlled water bath 


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5.2. How to Use the Excel-File for Calibration and Data Transformation? 

In some cases it is necessary to re-calibrate the value of P0 and CT. For that purpose the provided 
excel-file “Full Range Tensiometer” can be used. 

To recalibrate all parameters in equation 2 the Full Range Tensiometer has to be put in a water 
bath for several hours and at different temperature stages as described above. Make sure to hold 
each temperature stage for at least 3 hours.  
Suitable temperature stages of the water bath are for example 20 °C, 21 °C,…, 28 °C. For each 
temperature stage average the measured temperature and pressure readings and insert the 
results into column B and C in the worksheet “FRT Calibration” in the “Full Range Tensiometer” 
excel-file.  Make sure not to include pressure values that were recorded while changing the 
temperature stage. Due to a fast change in temperature the signal of the Full Range Tensiometer 
tends to over shoot. An overshoot can be recognized by peaks in the graphical display of the 
pressure readings.  

The occurrence of overshoots during abrupt temperature changes is displayed in the two figures 
below. The first three overshoots in the pressure readings are indicated by red circles. These peaks 
should not be included within the evaluation of the calibration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature stages measured with the Full Range Tensiometer  
during the calibration process. 

Pressure readings with the Full Range Tensiometer at 
 different temperature stages. 
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Once all mean values of the pressure and temperature readings at all temperature stages are 
inserted into the excel-file, the pressure values are displayed over the temperature values in the 
given diagram. The displayed equation of the linear compensation line provides the values for P0 
and CT. P0 equals the intercept with the y-axis, whereas CT equals the slope of the linear equation.  

 

In Column M and N the measured pressure and temperature values, respectively can be inserted 
to calculate the tension by using the new calibrated parameters. The worksheet “FRT Data 
Transformation” can be used to calculate the tension from a measurement campaign by 
automatically using the new calibrated parameters from the calibration worksheet. The user only 
has to insert the pressure and temperature readings in column F and G.   

 

5.3. PH-Value Tolerance 

The Full Range Tensiometer can be used for pH values between 2 and 10. Extreme acid or alkaline 
conditions lead to a damage of the tensiometer. If the tensiometer was used within the range 
limits (pH 2 – 3 or 9 – 10), the tensiometer should be cleaned afterwards. Flush the tensiometer 
and especially the ceramic with distilled water. Then saturate the ceramic in distilled water. 
Repeat this procedure several times to thoroughly flush the ceramic and the polymer. 

 

6. General Terms and Conditions 
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