
P
roper irrigation manage-
ment requires attention
to three fundamental
questions: When, how
much and how to deliv-

er? The answers to these questions
are interrelated. Knowing when to
irrigate is one of the most impor-
tant skills in greenhouse produc-
tion, and it is the first question to
address in discussing irrigation
management.

Crops should be irrigated so
they do not suffer from excessive
water stress. For many crops, exces-
sive irrigation is undesirable. With
too much water, crops become lush
and soft, and if the growing med-
ium is too wet, conditions will be
favorable for root rots. On the other
hand, excessive water stress is also
undesirable, as the crop will be
stunted and unattractive. 

The exact degree of tolerable
stress is highly specific; some
crops can wilt and recover readi-
ly, while others may be perma-
nently damaged by a single wilt-
ing episode. The degree of stress
also depends on the crop’s mar-
ket; snapdragons grown for bed-
ding plants could stand more
stress than snapdragons grown
for cut flowers.

Crop demand will vary depend-
ing on several factors, such as plant
type and size, characteristic water
use and stress tolerance, and crop
environment, including light, tem-
perature and humidity. On the sup-
ply side, the availability of water
will depend on the growing medi-
um’s volume and amount of water
it can supply for root uptake. 

Understanding 
Irrigation Zones

Irrigation can be delivered sever-
al ways, but they all have one thing
in common: Valves control water
flow. An irrigation zone consists of
a group of containers that are irri-
gated, either simultaneously or
sequentially, when a valve is open.
A zone may consist of a single crop
or multiple crops. In most opera-
tions, it isn’t possible to irrigate all
zones at once. Growers have to pri-
oritize according to demand.

Plants don’t all use water at the
same rate, especially if multiple
crops are growing in a single irri-
gation zone. Even within a single
crop, plant size will vary enough
to make a difference in demand for
water. Differences in light and
temperature in the plant micro-
environment will also affect �
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greenhouse equipment

By George Elliot

Irrigation can be managed differently 
with different control and delivery 
systems. The first part of this 2-part 
series provides an overview of the 
different types of irrigation automation 
available for growers.

Top: A timer-based multi-zone irrigation controller can help automate irrigation management. It can be
programmed on a daily basis depending on each zone’s irrigation requirements. Bottom left:
Tensiometers measure water availability in growing media. The larger tensiometer on the left, suitable for
a 12-inch or larger pot, is equipped with a gauge for direct reading. The smaller tensiometer on the right
is equipped with a pressure transducer for electronic output. Bottom right: ECH2O probes measure the
volumetric water content in growing media. The smaller probe is a newer design that is said to be more
accurate with a range of growing media and unaffected by EC at normal levels. (Photos: George Elliot)
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demand. Furthermore, even
if the same amount of water
is supplied to every con-
tainer, they won’t all take
up the same amount. The
consequence of all this is
that some containers will
be underwatered and some
will be overwatered. In this
situation, the best general
practice is to allow some
stress in the plants that
have the highest demand. 

Automating Irrigation
The simplest form of

automation is a time clock
that determines how often
and how long the irriga-
tion system is on. This type
of control is often used for
propagation mist systems.
The grower can change the
interval and duration: For
example, more frequent
misting during the early
stages of rooting cuttings
and less frequent misting
to harden off cuttings
before transplant. Mist sys-
tems may use a clock set-
ting or a solar sensor to
reduce mist frequency at
night. Outdoor timer sys-
tems used for crops like
garden mums may have a
rain sensor that overrides
the time clock.

Irrigation management
systems based on environ-
mental measurements offer
much improved control of
supply in relation to
demand. In the aerial envi-
ronment, light accumula-
tion and vapor pressure deficit
(VPD) are all related to water
demand, and both are used for irri-
gation control systems. Of these,
VPD is more sophisticated, as tem-
perature and relative humidity
measurements are integrated over
time to determine the evapo-tran-
spiration potential. 

Either light or VPD accumulation
measurements are used to develop
predictive crop models. Based on
experience, the grower determines a
relationship between measurements
and crop demand. The irrigation
controller is programmed so irriga-
tion will occur when the measured
value reaches a certain level. 

In systems using aerial environ-
ment measurements, one sensor or
group of sensors can be used to
control multiple irrigation zones as
long as they share the same envi-

ronment. The sensors are generally
reliable and useful for other
aspects of environmental manage-
ment. If the greenhouse has an
environmental computer to man-
age heating and cooling, it should
already have light and humidity
sensors that could be used to con-
trol irrigation based on VPD or
solar accumulation.

Irrigation management sys-
tems may also use soil moisture
measurements to estimate the
supply of water. When the grow-
ing medium is irrigated to its
effective water-holding capacity,
the subsequent change in the
weight of the planted container is
largely due to the loss of water
from the medium. Some growers
use portable balances to weigh
representative pots. This process
can be automated by using elec-
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Top: Root rot is much more likely to occur in overwatered
potting mix. The plant is wilted because the root system has
decayed. Bottom: This poinsettia shows the first signs of
water stress, as the leaves and bracts flag slightly. The plant
will recover rapidly if it is irrigated promptly. 
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tronic strain gauges to measure
weight continuously. 

Monitoring With Sensors
Another option for managing

water based on soil moisture is to
use sensors that measure either the
relative availability of water in the
growing medium or the water con-
tent of the growing medium as a
percentage of its total volume. 

The most widely used device
for measuring water in potting
mixes is the tensiometer. Basically,
a sealed tube filled with water
with a porous tip on one end is
inserted in the growing medium.
As water is withdrawn from the
medium, it pulls water through
the porous tip, creating negative
pressure, or tension, in the tube.
Soil moisture tension is related to
soil moisture content, but the exact
relationship is different in differ-
ent growing medias. However, the
soil moisture tension at which
water availability becomes limit-
ing is generally similar for most
growing media. 

The ECH2O probe, from Decagon
Devices, Inc., is a more recently
developed instrument that mea-
sures the volumetric water content
in growing media, that is, the
amount of water in the medium as a
percentage of its volume. 

The design has evolved rapidly,
and the newest versions are small
enough to use in 4-inch containers.
The response is similar for a range
of growing media, although it may
be necessary to calibrate the sensor
for a specific medium. The elec-
tronic output can be read with a
handheld meter or transmitted to a
microprocessor controller or com-
puter. Although ECH2O probes
have been used for irrigation con-
trol in research trials, I am not
aware of a commercial controller
specifically designed to use them. 

Soil moisture sensors have some
advantages for irrigation control.
Since the sensor is measuring sup-
ply, the control system doesn’t
need to be reset as plants get larger.
For normal irrigation control, the
same lower limit set point can be
used for a variety of crops, since
water availability is a function of
the growing medium.

One major advantage of soil
moisture sensors is both lower
and upper limits can be set; that
is, the irrigation system can be
turned on when the water tension
or content reaches a lower limit
and turned off when it returns to �
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an irrigation zone, where should it be
placed? If several sensors are used,
how many measurements are needed
to determine a reliable average?

Compare The Options
There are advantages and dis-

advantages to each irrigation man-
agement option and opportunities
to combine different approaches.
Manual control of irrigation is the
most exacting. It requires frequent
attention to the crop and environ-
ment, which is not a bad thing in
itself, but it’s nice to be able to take
a day off. Even with manual con-
trol, growers can use environmen-
tal measurements, including aerial
conditions and soil moisture, to
make better-informed and more
consistent decisions.

Automated irrigation can free up
valuable time for other tasks. If a �
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the upper limit. This is particularly
important when a grower is trying
to impose controlled stress to man-
age crop growth. 

Control systems based on soil
moisture sensors have been used
very effectively in research trials
and by growers. However, practi-

cal considerations have limited the
use of soil moisture sensors in
greenhouse production. For one
thing, soil moisture sensors are
specialized and relatively costly.
Each irrigation zone requires a
separate sensor. Tensiometers
require regular maintenance. 

In my experience, the major limita-
tion to using soil moisture sensors is
getting a representative measure-
ment. As I pointed out before, within
an irrigation zone pots don’t all dry
out at the same rate and don’t all hold
the same amount of water when irri-
gated. If only one sensor is used for
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Know The Signs
Experienced growers learn

to recogize the earliest indica-
tors of water stress. Typically,
as water stress begins to
occur, leaf color changes from
bright to dull, often with a
slightly grey cast. Leaves will
“flag,” with slight curling and
drooping tips. This is generally
the maximum amount of stress
that can be tolerated safely.

The relative amount of water
available in the potting mix can
be judged based on its appear-
ance and a subjective estimate
of how much the container
weighs. Experienced growers
also have a good general
sense of how quickly the crop
wil l  use up available water
under a range of environmental
conditions. Keeping an eye on
the weather is important to
anticipate what the demand is
likely to be. 

If stress is evident, the crop
should be irrigated as soon as
possible. If the crop shows no
sign of stress, the grower will
still be able to determine how
soon the crop will likely need
irrigation. Based on the infor-
mation just mentioned, the
grower knows whether to irri-
gate sooner or later. If a mod-
erate amount of water is avail-
able in the growing medium
and the weather is cloudy and
wet, irrigation should be put
off. If the weather is sunny
and dry, the crop may be irri-
gated even if it doesn’t really
need it right away.
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the system measurements and
their own observations. 

Conclusion
In summary, automating irriga-

tion control can be very useful, but
grower judgment is still required to
determine the set points, based on
observation and experience. A good
grower can use any irrigation man-
agement system effectively by
understanding its limitations. 

In the next installment of this 2-
part series, I’ll compare different irri-
gation systems in terms of how they
deliver water to the growing medium
and how they can be used with differ-
ent management approaches. 

George Elliott is associate professor
of horticulture in the Department of
Plant Science at University of
Connecticut, Storrs, Conn. He can be
reached at george.elliott@uconn.edu.
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system uses measurements of the
aerial environment and a crop
model, the grower has to estimate a
relationship between environmental
parameters and water demand. If a
system uses soil moisture measure-
ments, the grower has to determine
the limits for water availability or

water content. Single-purpose irriga-
tion controllers typically use a single
control parameter, either solar accu-
mulation, VPD or soil moisture.
Environmental control computers
can combine multiple parameters, for
example, solar radiation and time or
soil moisture and solar accumulation.  

An approach that some grow-
ers take is to use their own judg-
ment to manage irrigation on a
day-to-day basis and use an auto-
mated system to manage irriga-
tion on their day(s) off. The grow-
er can program the controller
based on the relationship between
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Top and bottom: A tensiometer gauge
provides a quick estimate of moisture
availability in the potting mix. 
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