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Soil Sensors for Irrigation Scheduling: Soil Water Tension Sensors (I) 

 
Crop water demands change throughout the growing season depending on soil, weather conditions (temperature, 
rainfall, solar radiation and relative humidity) and plant growth stage. Low soil moisture during peak water demand 
growth stages can result in yield loss. Irrigation is a farm management strategy that can be used to provide 
supplemental water to crops during peak requirement periods. Crop water use and the need for irrigation can be 
determined by monitoring soil water tension.  Soil water tension measurements can be directly used as an indicator for 
irrigation since there is no need for calibration or the collection of parameters that are difficult to estimate such as: field 
capacity (FC) and wilting point (WP) which are used to estimate the available soil water (AW) and plant water uptake. 

 
For irrigation scheduling using tensiometric sensors, it is necessary to collect soil water tension data from the plant root 
zone. In addition, the farmers should establish a soil water tension threshold which is the maximum soil water tension 
the plant should except before the initiation of irrigation. This threshold is the soil water tension level which if exceeded 
the plants would suffer from water stress. The upper threshold, the point to end irrigation, is when the desirable soil 
water content is reached. 
 
Tensiometric sensors (e.g. tensiometers, WATWERMARKS etc.) measure soil water tension. They are based on the 
principle that dry soils hold water much stronger than wet soils. Therefore, tensiometers measure how tightly water is 
being held by soil particles providing an estimation of the pressure that plant roots must overcome to uptake soil water. 
Since tensiometric sensors measure soil water tension which is not related to soil properties, the data can be used 
directly for irrigation without any site specific calibration.  
 
Water tension values measured by Tensiometers are expressed in pressure units which range from 0 to 500 centibar 
(cbar) or kilopascal (kPa). Low pressure values correspond to soil saturation conditions and high values or values within a 
range 100 to 200 cbar correspond to dry soil conditions. According to literature, when the pressure is between 100 - 200 
cbar, soil water is strongly held by the soil particles and plants undergo water stress that might result in yield loss; 
therefore irrigation must be applied. Table 1 provides an interpretation of soil conditions in relation with soil water 
tension readings collected with WATERMARK sensors (Irrometer). 
 
Table 1. Interpretation of Tensiometric moisture sensor readings (Source: www.irrometer.com) 
Sensor reading (centibars) Soil condition/Interpretation 
0 – 10  Saturated soil 
10 – 30  Soil is considerably wet (except coarse sands, which are beginning to lose water) 
30 – 60  Usual range for irrigation (most soils) 
60 – 100  Usual range for irrigation on heavy clay soil 
100 – 200  Soil is becoming considerably dry for maximum production. Proceed with caution 
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Soil moisture values collected at any point in time 
provide an instantaneous assessment of water status 
in the soil at a specific depth. However, continuous soil 
moisture/tension readings over a period of several 
weeks provide an estimation of soil water trends. 
Those changes could correspond to rapid water decline 
due to plant water uptake or soil moisture increase 
due to irrigation or rainfall events (Figure 1).  By 
analyzing these trends, a farmer can determine timing 
of irrigation.  
 
 
 
Irrometer, WATERMARK sensor’s manufacturer 
provides a graphic method to support irrigation decisions 
using tensiometric sensor readings by different soil types 
(Figure 2). Based on different threshold levels for 
irrigation, ranging from 0% to 100% water depletion 
percentage, specific tension values can be found for 
different soil types. For example, from the graph, a user 
should first select the soil type that represents a majority 
of soil type in a field. Then the curve corresponding to that 
specific soil type is used to identify the soil tension upper 
threshold (time to irrigate, dotted brown line in Figure 2) 
and lower threshold (terminate irrigation, dotted 
blue line in Figure 2) (Source: 
www.irrometer.com/basics.html#use). 
 
How to select the soil tension threshold for irrigation  
As an example, let us assume the soil at your field where 
the sensor is installed has been characterized as Loam and 
you are using 50% as the available water depletion 
percentage before triggering irrigation. Then, the steps 
are: 
 

a) find the 50% point on the X axis of the graph and 
draw a vertical line until meeting the Loam curve 

b) from that point draw a horizontal line until 
reaching the Y axis 

 
The tension threshold to start irrigating your field (Loam type) is 84 cbar.  
 

 
Figure 1.  Example of changes in soil water tension (cbar or 
kPa) over time. Low values correspond to high soil moisture 
content (rain or irrigation events). 

 
Figure 2. Reference guide to assist in selecting appropriate 
threshold levels for irrigation timing. 
source: www.irrometer.com 
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The same procedure should be followed to determine the lower threshold (time to stop irrigation). In our example, 10% 
is the water depletion percentage to stop irrigation (the soil has reached field capacity) which corresponds with a soil 
tension of 23 cbar.  
 
Similarly, if the soil at your farm is a Loamy Sand soil type, the upper threshold to start irrigation using a 50% of available 
water depletion is when the sensor readings have reached the value of 24 cbar, while the lower threshold for irrigation 
termination (10% of available water depletion) is 11 cbar. In the case of a Clay soil for the same available water 
depletion percentage (50% for upper and 10% for lower limit), irrigation should begin at 200 cbar and terminate at 28 
cbar.  
 
These data show that the irrigation strategy should be according to soil type/texture. Heavier soils (such as clay) tend to 
show higher AW levels and therefore irrigation should be performed at considerably high soil tension values (200 cbar 
for clay) compared to Loamy Sand soil for which irrigation should start at a much lower soil tension value (24 cbar for 
sandy loam). In addition, heavier soils show significantly higher water holding capacity and therefore higher rates of 
irrigation water are required to reach FC. In summary, according to the abovementioned examples, light soils should be 
irrigated more often applying lower amounts of water compared to heavy soils which should be irrigated less often but 
perhaps using higher irrigation rates. 
 
It is a good practice to use soil water tension sensors just to monitor changes in soil moisture for the first year and get 
familiar with the system before getting into irrigation scheduling. After some time, you will be able to specify the 
irrigation thresholds which are reference lines that indicate when to start and terminate the irrigation for the specific 
site and application. A practical way to roughly estimate FC threshold, is to monitor and record the tension readings two 
days after a big rain event, since FC is defined as the soil water content when the exceeding water is drained for two 
days after rain. 
 
Table 2. Advantages and disadvantages of Tensiometric soil moisture sensors 
Advantages Disadvantages 

• Simple and inexpensive 
• Sensing soil moisture up to a 4 inches radius from 

the sensor’s location 
• Minimal energy requirements  
• Soil water tension can be used directly to decide 

irrigation management (no calibration is needed) 

• The response time  to equilibrate with soil 
moisture, is significantly lower compared to 
capacitance sensors (approximately 30 minutes) 

• Less accurate in very wet or very dry soil 
conditions 

• May require temperature compensation (in some 
cases for minor calibration) 
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Available soil water tension sensors  
There are two types of tensiometric sensors: granular matrix sensors and tensiometers.  
 

WATERMARK (Granular matrix sensor by Irrometer) 
WATERMARK sensors are low cost, easy to use and provide accurate soil water tension 
values. They can be connected to data logger to automatically record soil water tension 
values. Data can be also collected manually with a data meter. These sensors measure the 
soil moisture’s electric resistance of the sensor’s surrounding soil and convert it to 
calibrated readings of soil water tension/suction (in cbar or kPa). The sensor consists of 
two concentric electrodes embedded in a reference granular matrix material surrounded 
by a protective synthetic membrane held in a stainless case. Once the sensor is installed in 
the soil, it reaches equilibrium with the surrounding soil moisture. The electrodes are supplied with 5V AC current 
and measure the electrical resistance inside the sensor. Since the moisture inside the sensor is equilibrated with the 
surrounding soil moisture, this measurement (electrical resistance inside the sensor) corresponds to the electrical 
resistance of the soil. In general, when the soil moisture increases, electrical resistance decreases. 
For more information visit the link: http://www.irrometer.com/sensors.html  
 
Tensiometers (Manufacturers: Irrometer and Decagon)  
Tensiometers are inexpensive, accurate and precise 
instruments for measuring the actual soil water tension. The 
measurement can be performed only manually. These 
sensors consist of a sealed tube with the bottom end sealed 
with ceramic material. At the opposite side a pressure gauge 
is connected. The tube is filled with water. When the ceramic 
end is placed in contact with the soil, the water contained in 
the tube has the trend to come into equilibrium with the soil 
suction, thus measuring the suction created inside the tube gives an accurate estimation of the soil water matric 
potential. One of the main constrains of using these sensors is that it is essential to keep the tube full of water 
(refilling).  Therefore, a continuous monitoring of the water level in the tube is required.  
For more information about these sensors, please visit the links:  
http://www.irrometer.com/sensors.html  
http://www.decagon.com/products/sensors/water-potential-sensors/tensiometers/  
 
 
 
 
 
 
 
 
 
 

 
Figure 3. WATERMARK 
sensor 

 
a 

 
b 

Figure 4. Irrometer (a) and Decagon (b) 
tensiometers 

http://www.irrometer.com/sensors.html
http://www.irrometer.com/sensors.html
http://www.decagon.com/products/sensors/water-potential-sensors/tensiometers/


 
 

5 
 

MPS-2 Dielectric Water Potential (Decagon)  
They measure soil temperature and a wide range of soil water tension conditions (10 to 
500 kPa) which makes them ideal for dry soils where cavitation of tensiometers is a 
concern. They do not require user maintenance or calibration and can be connected to 
data logger. The main disadvantage is the low accuracy in saturated soils (±25% of 
reading from 5 kPa to 100 kPa). They use porous ceramic disks which reach hydraulic 
equilibrium with the soil moisture once the sensor is installed. They measure the 
dielectric permittivity of the ceramic and determine its water tension. Since the soil is in 
equilibrium with the sensor’s ceramic, the ceramic tension corresponds to the soil 
water tension. 
For more information visit the link: http://www.decagon.com/products/sensors/water-potential-sensors/mps-2-
dielectric-water-potential/  
 

Disclaimer 
The mention of trade names and commercial products is for informational purposes and does not necessarily imply 
endorsement by the Alabama Cooperative Extension System.  

 

Prepared by 
Aristotelis Taganakis, Research Assistant, Agronomy and Soils Department, Brenda V. Ortiz, Assistant Professor and 
Extension Specialist – Agronomy and Soils Department, John Fulton, Associate Professor, Biosystems Engineering 
Department.  

 

 

Figure 5.  MPS-2 sensor 
(Decagon) 

http://www.decagon.com/products/sensors/water-potential-sensors/mps-2-dielectric-water-potential/
http://www.decagon.com/products/sensors/water-potential-sensors/mps-2-dielectric-water-potential/

	Disclaimer

