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A Pulsed Subirrigation System for
Small Plots
George C. Elliott1
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Abstract. A schematic diagram and parts list is presented for a simple and inexpensive
system for pulsed subirrigation (commerically referred to as ebb and flow or flood and
drain). The system can be readily modified for flowing solution culture. It has proven
useful in teaching and research applications. It can be assembled from readily available
parts using hand tools.
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Intermittent or pulsed subirrigation sys-
tems (commercially referred to as ebb and
flow, or flood and drain) have substantial
advantages in greenhouse crop production,
including the potential to significantly re-
duce runoff of water and fertilizers (Elliott,
1990). Research is needed to provide fertil-
izer recommendations and to investigate me-
dia-fertilizer interactions relevant to crop
production using this method. As these sys-
tems are being widely adopted in the indus-
try, students of greenhouse management and
crop production need to learn the principles
of pulsed subirrigation in greenhouse oper-
ations.

Commercially pulsed irrigation systems are
available, but these systems may be difficult
to use in research and teaching applications.
Because of the size and expense of these
systems, it is difficult to provide for true
replication of treatments in which the basic
unit of observation (research plot) involves
factors that require separate irrigation capa-
bilities, such as fertilizer composition, grow-
ing medium, or crop. For these reasons, I
have developed a simple, modular system
for small-plot pulsed subirrigation experi-
mental units.

In this system (Fig. 1), the basic unit com-
prises a tray to which a single treatment is
assigned. Irrigation solution is pumped into
the tray by a centrifugal pump from a res-
ervoir. The level of solution in the tray is
regulated by an overflow outlet. When the
pump shuts off, the solution returns to the
reservoir via the inlet line. The tray can be

supported by a frame that allows the inlet cess
and return lines to be fitted, or can rest di-
rectly on the reservoir.

The tray (parts list item 1) is a commercial
nursery flat, without drainage holes, made
of structural foam plastic (Kadon Corp.,
Dayton, Ohio, mode1 2014-4-P). The struc-
tural foam is thick enough (6.5 mm) to drill
and tap for a threaded fitting (parts list 14).
The inlet fitting must be flush with the inner
surface of the tray, so that the tray drains
completely at the end of the irrigation cycle.
An earlier model, similar to the microcosm
proposed for toxicity testing by the Environ-
mental Protection Agency (Federal Register,
1987), used a thinner tray with the inlet fit-
ting welded or glued to the underside of the
tray, but these tended to leak or break off.
A hole saw is used to cut an opening for a
bulkhead fitting (parts list 2) for the overflow
return line. Either a single or dual thread
bulkhead fitting can be used. The dual thread
has the advantage of allowing the use of a
threaded fitting (parts list 3) as a standpipe
to adjust the solution height in the tray.
Without a standpipe, the solution will rise to
-1 cm. If this flexibility is not required, a
single thread fitting is less cumbersome and
less expensive.

The irrigation solution (water or nutrient
solution) is contained in a reservoir (parts list
8). I have found that » 8 to 10 liters/tray is
required to fill the tray to a depth of 1 cm
while maintaining enough solution in the
reservoir to keep the pump submerged. A
cover to reduce evaporation and contami-
nation is useful but not essential. Solution
can be added to the reservoir manually or
with an automatic fertilizer proportioner. The
solution is pumped into the tray by a small
submersible centrifugal pump (parts list 9;
Little Giant Pump Co., Oklahoma City,
Okla., model NK-1). The pump can be con-
trolled by a spring-wound appliance timer
(M.H. Rhodes, Inc., Avon, Conn., model
78305) or a conventional repeat cycle time
clock. Solution inlet flow rate can be con-
trolled with a quarter-turn valve (parts list
15; Gilmour Mfg., Somerset, Pa., model
07V). Depending on the physical relation of
the tray and reservoir, it may be more con-
venient to locate the valve near the point at
which the inlet supply line leaves the reser-
voir.
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The inlet line is black polyethylene tub-
ing, while the return line is ordinary garden
hose. All connections are made with garden
hose thread fittings to simplify plumbing and
allow rapid interchange. The garden hose fit-
tings and pipe thread-garden hose adapters
(parts list 3, 4, 5, 10, 11, 13, 14) are widely
available from plastic suppliers. The fittings
used to attach the return line to the tank cover
(parts list 4, 5, 7) are not essential, but are
useful to prevent accidental dislodging of the
return line.

Several trays may be supplied from one
reservoir using tee fittings in the inlet and
return lines. This is useful for factorial ex-
periments using split-plot designs in which
fertilizer solution composition is the major
plot. Each tray can be irrigated separately,
allowing the use of individual trays as sub-
plots.

The system has proven useful for research
in greenhouse and growth chamber applica-
tions, including comparisons of water and
fertilizer use in crop production with subir-
rigation and overhead irrigation systems (El-
liott, 1990), water retention by potting media,
and fertilizer-media interactions in bedding
plant production. The system could also be
used, with minor modifications, for contin-
uous-flowing solution culture (Elliott and
Nelson, 1983). The cost of an individual
system, exclusive of labor and time, was about
$80 in 1991. Economy of scale is possible
since the timer can control more than one
pump, and a single reservoir and pump can
supply more than one tray. A single system
can easily be set up in 2 h.
o
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