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Tensiometers are instruments that are used to
measure the energy status (or potential) of soil water.
That measurement is avery useful one becauseitis
directly related to the ability of plantsto 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 decreasesto a
predetermined critical value.

Tensiometer Components

A tensiometer consists of a porous cup,
connected through arigid body tube to a vacuum
gauge, with al componentsfilled with water. The
porous cup is normally constructed of ceramic
because of its structural strength aswell 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 gaugeis
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
areading on the vacuum gauge which is adirect
indication of the attractive forces between the water
and soil particles. Thisreading 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
soilsincludes the osmotic potential. If soils are saline,
or if poor quality irrigation water is being used, the
osmotic potential will be alarge portion of the total
potential. In those cases, osmotic potential should
also be measured using soil salinity sensors.

Asthe soil dries, water potential decreases
(tension increases) and the tensiometer vacuum
gauge reading increases. Conversely, anincreasein
soil water content (from irrigation or rainfall)
decreases tension and lowers the vacuum gauge
reading. In this way, atensiometer 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.

Units of Measurement

The tensiometer measures water potential or
tension. Water potential is commonly measured in
units of bars (and centibars in the English system of
measurement) or kilopascals (in metric units). One
bar is approximately equal to one atmosphere (14.7
Ib/in 2) of pressure. One centibar is equal to one
kilopascal.

Figure 2.

Because water is held by capillary forces within
unsaturated soil pore spaces, its water potentia is
negative, indicating that the water is under tension
and that work must be done to extract water from the
soil. A water potential reading of O indicates that the
soil is saturated, and plant roots may suffer from lack
of oxygen. Asthe soil dries, water becomes less
available and the water potential becomes more
negative. The negative sign is usually omitted for
convenience when soil water potentials are measured
with tensiometers. The negative sign will be omitted
in this publication, and readings will be reported as
soil water tensions.

Figure 2 The gage illustrates the dial face of a
typical tensiometer vacuum gauge. Divisions are in
units of centibars (cb), with arange of 0-100 cb.
Recently, one company began to manufacture a
"Florida" tensiometer with arange of 0-40 ch. The
expanded scalein thisrangeisideal for irrigation
scheduling in typical Florida sandy soils.



Tensiometers for Soil Moisture Measurement and Irrigation Scheduling

Range of Operation

Because of the vaporization of water at low
pressure, the range of operation of atensiometer is
limited to O 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 ceaseto
function. This range represents only afraction of the
water tension range that is normally considered to be
available for plant growth. Many plants can surviveto
awater 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
asmall 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.

Because of differencesin soil and plant
characteristics, several measurement sites may be
required to adequately assess the water status of large
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

Figure 3.

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.
Thisisnormally 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.
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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.

Figure 5.

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 avertical 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
bubbles ( Figure 5). When itstip 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 periodicaly in the field.

Figure 6.

Tensiometers areinstalled in previously cored
holesin 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

soilsit may be necessary to use a hammer to aid
theinstallation ( Figure 7). 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 water from running down
around the tube ( Figure 8). If commercially
available coring tools are not available, alength of
standard water pipe or other tubing of the proper
diameter can be used with acceptable results. It is
critical, regardless of the installation method used
that the ceramic cup be in intimate contact with soil
in order for the tensiometer to function properly.
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Figure 8.

If arock or other obstacle is encountered, the
tensiometer should be moved to another location to
avoid possible damage when it is placed in the cored
hole. The tensiometer should not be driven into place
with a hammer or other object. Although adequate for
normal use, the mechanical strength of the ceramic
cup is not adequate to allow it to be hammered into
place.

In very loose cultivated soils, such as frequently
encountered in commercial row crop production, it is
possible to push shallow tensiometersinto place
without coring ahole. This method of installation is
acceptable when applicable. Again, the surface soil
must be firmly packed around the instrument after
installation.

After installation, several hours may be required
before the tensiometer reads the correct soil water
potential value. Thisis because of the disturbance to
the soil caused by the installation procedure, and
because of the need for water to move through the
ceramic cup before equilibrium is reached. The
correct reading will be reached more quickly in moist
soilsthan in dry soils. After thisinitial equilibrium
period, the tensiometer will accurately indicate the
soil water tension, and it will closely follow changes
in tension as they occur in the soil.

Tensiometers are delicate instruments and should
be protected from harm both before and after
installation. They should be handled carefully and
protected from impact by equipment or animalsin the
field. Also freezing conditions will damage

tensiometers. They should not be left filled with water
during freezing conditions.

Field Service

To operate properly, tensiometers must be
serviced in the field periodically. Thisis because with
normal use, air is extracted from water under tension.

The air becomes trapped within the tensiometer
and reduces response time progressively until the
instrument fails to operate.

If the soil in which the tensiometer has been
installed is moist, soil tensionswill be low and very
little air will accumulate. If, however, the tensiometer
isinstalled in drier soils, with water potentialsin the
range of 40 to 60 cb, air will accumulate more
quickly.

The body tube should be inspected for
accumulated air each time the tensiometer isread. If
over 1/4 inch of air has accumulated beneath the
service cap, the cap should be removed and the tube
refilled with water as shown in Figure 9.

ACCUMULATED AIR

Figure 9.

In wet soils, the tensiometer will probably need
to be serviced approximately every 2 weeks. In dry
soils, servicing may need to be more frequent,
perhaps as often as every time the tensiometer datais
collected.
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Irrigation Scheduling

Tensiometer measurements are useful in
deciding when to irrigate because they give a
continuous indication of soil water status, but they do
not indicate how much water should be applied. The
decision to irrigate is made when the average
tensiometer reading exceeds a given critical value. To
optimize production the critical valueis normally in
the range of 10 to 20 cb for typical Florida sandy
soils. The critical values are different for specific soil
types, crops, and stage of crop growth. At critical
stages of crop growth, lower values are used,
resulting in irrigations being scheduled more
frequently. The critical values are also functions of
economic considerations, with higher values set if the
irrigated commodity price drops or if the cost of
irrigation increases.

A tensiometer indicates only when irrigation
should be scheduled, and not how much water should
be applied. To determine the amount of water to be
applied, a moisture characteristic curve specific for
theirrigated soil must be used. Figure 10 isa
moisture characteristic curve for Lake Fine Sand, a
typical deep sandy soil of central Florida. The depth
of irrigation water to be applied should be adequate to
restore only the root zone to field capacity. Excessive
water will be lost to deep percolation below the crop
root zone, carrying nutrients with it.

Figure 11

The dataillustrates tensiometer field data and
irrigations scheduled by the tensiometer method. In
thisillustration, timing and amount of irrigation were
controlled with tensiometers at two depths. When the
major root zone (12 inch) depth became as dry as
desired, small irrigations were scheduled to rewet the
12-inch zone, but not the 24-inch depth which was
still sufficiently wet. When, eventualy, the 24-inch
zone a so reached the desired degree of dryness, a
larger irrigation was scheduled to rewet the entire soil
profile.

Automated Tensiometers

A magjor advantage of tensiometersisthat they
can be instrumented to provide automatic control of
irrigation systems. A modification is required to
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Figure 11.

allow atensio-meter to be used as an irrigation
controller. The vacuum gauge is equipped with a
magnet and a magnetic pick-up switch so that, when a
desired (and preset) water tension occurs, the switch
closes, starting the irrigation pump. The pump
operates for a preset period of time, lowering the
tensiometer reading, after which the tensiometer is
again monitored until the critical water tension again
occurs. A schematic of such an automatically
controlled irrigation system is shown in Figure 12 .

Summary

The schedulesin Table5 arefor atypica
season's duration and may need to be adjusted
depending on specific cultural practices and growing
season conditions. Some factors that might lead to
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expanding or compressing the injection schedule are
described in this section.

Figure 12.

Crop development rate can be increased by
transplanting in contrast to direct seeding. For
example, watermelons can produce earlier fruit by
about 7 to 10 days from transplants compared to
seeds. Transplanted crops will require slightly greater
amounts of nutrients early in the season than seeded
crops. Injection rates can be increased by 0.5 Ib per
acre per day for the first 4 to 6 weeks compared to a
seeded crop. Since transplanted crops mature faster
than seeded crops, the rates of injection can be
reduced or discontinued earlier than for seeded crops.
Although the scheduling may change slightly for
seeded and transplanted crops, the total amount of

nutrients injected by the end of the crops should be
similar.

The crops and schedules detailed in this
publication are for vegetables produced on
polyethylene mulch. Mulch has a growth enhancing
effect on crop development. Some growers desire to
use drip irrigation without mulch. In these situations,
the growth season might be increased by 7 to 10 days
where the mulch is absent. Therefore, injection
schedules can be expanded by reducing the amount
injected in the early weeks.

For agiven crop, growth in thefall isusualy
faster than spring growth. The difference can be one
week for a crop such as squash or two weeks for
tomato or pepper. Therefore, fal injection schedules
would need to be compressed compared to spring
schedules. Amounts of nutrientsinjected can be

increased during the first few weeks by 0.5 Ib per
acre per day. Total seasonal fertilizer amounts for
spring and fall crops should be similar.

The schedulesin this publication are for
situationswhere all N and K will beinjected. Itis
usually best to place some nutrients in the bed before
mulch application. The general rule-of-thumb is 20%
of N and K asastarter. For most crops, thisresultsin
about 25 to 30 Ib N per acrein the bed. Under these
situations, the first injection can be delayed by one or
two weeks.

The length of harvest period can have an effect
on extending the injection schedule. In some of the
southern winter-growing regions, the production
season for pepper might encompass 4 to 6 months. In
these situations, the injection schedule will be
considerably longer than for atypical 3- to 4-week
harvest season. Where the crop will be continued
through the winter with approximately biweekly
harvests, growerscaninject 1to 1.5 |b of N per acre
per day as a maintenance program for these extra
months. The exact amount of N and K should be
determined by plant tissue analysis.

Finally, the cultivar (variety) can affect the crop
development rate. In agiven season, early cultivars
might mature as much as 2 weeks ahead of
later-maturing cultivars. The schedulesin this
publication are for the standard cultivars presently
recommended. In general, most cultivars currently
being grown will do well under these injection
schedules. For situations where a particular cultivar
may mature significantly earlier or later than
currently grown cultivars, an adjustment in the
schedule might be needed.

References

Depending on the soil type and production
experiences of the grower, some considerations will
need to be taken into account when establishing a
crop where drip irrigation will be used. In situations
where drip irrigation will be used on a Spodosal, it
might be advantageous to maintain adequate soil
moisture with subirrigation for 1 week after seeding
or transplanting the crop. Subirrigation may be
needed to maintain soil moisture during soil bed
preparation, fumigation, and mulching. It is probably
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agood idea, then, to maintain soil moisture during
planting and for up to 1 week after planting. This
might be needed most often with direct-seeded crops
to ensure uniform germination. After crops have
become established, the water table can be lowered
with irrigation and fertilization being taken over by
the drip-irrigation system.

In some cropping situations where water tables
cannot be maintained, especially the rockland soil in
Dade County, overhead-sprinkler irrigation might be
needed for crop establishment. Following crop
establishment, irrigation and fertilization can then be
taken over by the drip-irrigation system.

Growers will need to pay particular attention to
the wetting pattern of the drip irrigation. Itis
important to utilize as much of the wetted bed area as
possible for a particular crop. Reducing the bed width
helps maintain the effective root zone in amoist
condition under the plastic mulch. In situations
where crop establishment must be done without
subirrigation for soil moisture maintenance,
placement of seeds and plantsin the moist soil near
the drip tube becomes important to ensure uniform
germination. For single-row crops such as melons,
one option would be to place the drip tube in the
middle of the bed and then place the plantsin a
pattern that alternates on both sides of the drip tube.
Thisis an acceptable planting pattern compared to
placing the drip tube off-center in the bed and then
planting asingle row of plantsin the center of the
bed. The alternating planting pattern utilizing both
sides of the drip tube allows the drip tube to be placed
in the middle of the bed and increases the potential
for wetting the entire width of the bed. If thedrip
tube were placed off center, it might be impossible to
wet al the way to the shoulder of the bed farthest
from the drip tube. In any event, seeds or transplants
must be placed within the wetted zone of soil in the
bed.



