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Tensiometers are instruments that are used to 
measure the energy status (or potential) of soil water. 
That measurement is a very useful one because it is 
directly related to the ability of plants to extract water 
from soil. Irrigators often use tensiometers for 
irrigation scheduling because they provide direct 
measurements of soil moisture status and they are 
easily managed. In addition, tensiometers can be 
automated to control irrigation water applications 
when the soil water potential decreases to a 
predetermined critical value. 

Tensiometer Components 

A tensiometer consists of a porous cup, 
connected through a rigid body tube to a vacuum 
gauge, with all components filled with water. The 
porous cup is normally constructed of ceramic 
because of its structural strength as well as 
permeability to water flow. The body tube is normally 
transparent so that water within the tensiometer can 
easily be seen. A Bourdon tube vacuum gauge is 
commonly used for water potential measurements.  
The vacuum gauge can be equipped with a magnetic 
switch for automatic irrigation control. A mercury 

manometer can also be used for greater accuracy, or a 
pressure transducer can be used to automatically and 
continuously record tensiometer readings. Figure 1 
illustrates the components of one model of a 
commercially available tensiometer using a vacuum 
gauge. 

Figure 1 . 

Tensiometer cost depends on its length, or the 
depth at which it will be installed. In general, prices 
of standard, manually-read instruments range from 
about $60 each for the 6-inch size to about $75 for the 
4-ft size.  Automatic switching tensiometers cost 
about $30 more. Vacuum gauge tensiometers are 
manufactured by several companies and are available 
at most irrigation supply businesses. 
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 Principle of Operation 

Tensiometers are placed in the field with the 
ceramic cup firmly in contact with the soil in the 
plant root zone. The ceramic cup is porous so that 
water can move through it to equilibrate with the soil 
water. A partial vacuum is created as water moves 
from the sealed tensiometer tube. The vacuum causes 
a reading on the vacuum gauge which is a direct 
indication of the attractive forces between the water 
and soil particles. This reading is a measure of the 
energy that would need to be exerted by the plant to 
extract water from the soil. 

Because the porous ceramic cup is permeable to 
both water and dissolved salts, tensiometers do not 
record the water potential due to dissolved salts 
(osmotic potential). The actual total potential that 
plants would need to overcome to extract water from 
soils includes the osmotic potential. If soils are saline, 
or if poor quality irrigation water is being used, the 
osmotic potential will be a large portion of the total 
potential. In those cases, osmotic potential should 
also be measured using soil salinity sensors. 

As the soil dries, water potential decreases 
(tension increases) and the tensiometer vacuum 
gauge reading increases. Conversely, an increase in 
soil water content (from irrigation or rainfall) 
decreases tension and lowers the vacuum gauge 
reading. In this way, a tensiometer continuously 
records fluctuations in soil water potential under field 
conditions. 

Rapid and accurate tensiometer response will 
occur only if air does not enter the water column. Air 
expands and contracts with changes in pressure and 
temperature, thus causing inaccurate tensiometer 
readings.  Even if instruments do not have leaks, 
dissolved air enters with water flow through the 
ceramic cup during normal operation of the 
instrument. When a significant amount of air enters 
the instrument, it must be expelled and the 
tensiometer refilled with water before it will operate 
reliably again. 

 Range of Operation 

Because of the vaporization of water at low 
pressure, the range of operation of a tensiometer is 
limited to 0 to about 85 cb. Above 85 cb the column 
of water in the plexiglass tube will form water vapor 
bubbles (cavitate), and the instrument will cease to 
function. This range represents only a fraction of the 
water tension range that is normally considered to be 
available for plant growth. Many plants can survive to 
a water tension of 15 bars. However, plant growth and 
productivity cease well before this point.  In sandy 
soils, tensiometers measure the entire range of soil 
water tension of interest for irrigation. Thus, the 
tensiometer is an excellent instrument for irrigation 
management in Florida. 

Research has shown that to optimize production, 
irrigation should be scheduled when soil water 
tension reaches 10-20 cb in sandy soils. The exact 
values to be used depend on soil hydraulic properties, 
crop suscept-ibility, and production objectives. These 
water tensions are well within the tensiometer range 
of application. 

 Site Selection 

Tensiometers measure soil water tension in only 
a small volume of soil immediately surrounding the 
ceramic cup. Therefore, the ceramic cup must be 
placed in the active root zone of the crop for which 
irrigations are being scheduled. Depending upon crop 
type, two or more tensiometers may be required at a 
measurement site. Figs. 3  and 4 illustrate proper 
depths of installation for row crops and tree crops, 
respectively. 

Figs. 3 . 

Because of differences in soil and plant 
characteristics, several measurement sites may be 
required to adequately assess the water status of large 
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areas. For more valuable or more sensitive crops, 
more tensiometers should be used. For uniform soil 
types fewer tensiometers may be adequate. 

The sites selected for installation should be 
representative of the surrounding field conditions. 
Isolated low, wet areas or high, dry areas should be 
avoided. Tensiometers should be placed within the 
plant canopy in positions where they will receive 
typical amounts of rainfall and irrigation. Placement 
of tensiometers with depth is critical. For 
shallow-rooted (less than 1 ft) crops such as some 
vegetables, only one tensiometer may be required 
with depth. It should be centered in the crop root 
zone, but at least 4-6 inches below the surface. The 
ceramic cup should not be exposed to the atmosphere. 

For crops with deeper root zones such as most 
field crops, two tensiometers should be used at each 
measurement site. The shallower one should be 
placed in the zone of maximum root concentration. 
This is normally at 6 inches or about one-third of the 
active rooting depth. In tree crops, depths of 6 to 24 
inches are often used. Other depth combinations may 
be used where appropriate. 

When multiple instruments are used, most 
irrigations will be scheduled to replenish the upper 
part of the root zone monitored with the shallow 
instrument.  The deeper instrument will indicate when 
less frequent larger irrigations are needed to replenish 
the entire root zone. 

 Installation 

The tensiometer can be a useful instrument for 
irrigation scheduling only if it is properly installed. In 
general, proper installation requires that the 
instruments be in good hydraulic contact with the 
surrounding soil so that water can move into and 

away from them as efficiently as possible. In 
addition, tensiometers must be properly located in the 
crop root zone as discussed in the previous section on 
site selection. 

Before field installation, each tensiometer should 
be tested to verify that it is operating properly. Fill 

each tensiometer with clean water (deionized water is 
preferred to help prevent organic growths) and allow 
it to stand in a vertical position for at least 30 minutes 
so that the ceramic tip will saturate. A plastic squeeze 
bottle and small diameter plastic tube can be used to 

fill the tube from the bottom to help eliminate air 

). When its tip is thoroughly wetted, it can be 
refilled and capped. The tensiometer will not be 
serviceable immediately because of air bubbles in the 
vacuum gauge. A small hand vacuum pump ( Figure 
6 ), obtainable from tensiometer manufacturers, can 
be used to remove air bubbles and test for air leaks. 
This service will be necessary before installation as 
well as periodically in the field. 

Figure 6 . 

Tensiometers are installed in previously cored 
holes in the field. Manufacturers sell coring tools of 
the proper dimensions for tensiometer installation. In 
sandy soils, the access holes can be cored by hand, 
while on heavier 

soils it may be necessary to use a hammer to aid 

). The tensiometer is pushed into the access hole 
to the proper depth. In this position, the vacuum 
gauge will be located 2-3 inches above the soil 

surface. The soil around the tensio-meter should be 
tamped at the surface to seal the instrument from air 
contact with the ceramic cup and to prevent surface 




