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Microirrigation and fertigation refer to applying
irrigation water (and) fertilizer nutrients through
small emitters placed on or in the soil near the plants.
Drip or trickle irrigation is a type of microirrigation
where the water and nutrients are dispensed to the
crop via small plastic tubes with drip-type emitters
that are placed near a row of plants. Drip irrigation is
an important irrigation method in many crop
production areas of the world, particularly in arid
areas or regions which have a high competition for
available water resources. Currently, approximately
40% of Florida's vegetable crops produced with
polyethylene mulch culture are irrigated with drip
irrigation (Figure 1). Vegetable crops throughout
Florida grown with drip irrigation include
strawberries, tomatoes, watermelons, muskmelons,
cucumbers, squash, eggplants, and peppers.

Benefits

Drip irrigation has many benefits, some of which
are becoming more important in today's
environmentally conscious world. One of the major
benefits of drip irrigation is the capability to
conserve water and fertilizer compared to overhead
sprinklers and subirrigation with conventional
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Figure 1

fertilization systems. Research has shown that water
savings with drip irrigation can amount to as much as
80% compared to subirrigation and 50% compared to
overhead sprinkler irrigation (Locascio et al., 1981b;
Elmstrom et al., 1981; Locascio et al., 1985). This
benefit of drip irrigation is extremely important for
vegetable producers trying to grow vegetables in
urbanizing areas of the state, such as the Tampa Bay
area and the lower east coast, and in areas with
inadequate water supplies for subirrigation or
sprinkler irrigation.

1. This document is CIRCULAR 1181, one of a series of the Horticultural Sciences Department, Florida Cooperative Extension Service, Institute of Food and
Agricultural Sciences, University of Florida. Original publication date April 1991. Reviewed May 2003. Visit the EDIS Web Site at http://edis.ifas.ufl.edu.

2. George J. Hochmuth, professor, Department of Horticultural Sciences; Allen G. Smajstrla, professor, Department of Agricultural and Biological
Engineering, Cooperative Extension Service, Institute of Food and Agricultural Sciences, University of Florida, Gainesville, 32611.

The Institute of Food and Agricultural Sciences (IFAS) is an Equal Opportunity Institution authorized to provide research, educational information and
other services only to individuals and institutions that function with non-discrimination with respect to race, creed, color, religion, age, disability, sex,
sexual orientation, marital status, national origin, political opinions or affiliations. U.S. Department of Agriculture, Cooperative Extension Service,
University of Florida, IFAS, Florida A. & M. University Cooperative Extension Program, and Boards of County Commissioners Cooperating. Larry

Arrington, Dean




Fertilizer Application and Management for Micro (Drip)-Irrigated Vegetables in Florida

Drip irrigation also helps reduce foliar disease
incidence compared to overhead sprinkler systems.
Water is not applied to plant foliage, maintaining drier
plants and reducing susceptibility to disease outbreak
with an associated reduction in the need for
fungicides. Fruit quality of tomatoes may be
improved when N and K are applied by drip irrigation
as compared to applying all fertilizer preplant
(Dangler and Locascio, 1990b).

Drip irrigation provides for precise timing and
application of fertilizer nutrients in vegetable
production. Fertilizer can be prescription-applied
during the season in amounts that the crop needs and
at particular times when those nutrients are needed.
This capability of drip helps growers increase the
efficiency of fertilizer application and should result in
reduced fertilizer applications for vegetable
production. The improved fertilizer application
efficiency results from small, controlled amounts of
fertilizers that are applied throughout the season in
contrast to large amounts of fertilizer placed within or
on the bed under the plastic mulch at the beginning of
the season (Locascio and Smajstrla, 1989; Locascio et
al. 1989; Dangler and Locascio, 1990a). Small,
controlled applications not only save fertilizer but
they can also reduce the potential for groundwater
pollution due to fertilizer leaching from heavy
rainstorms or periods of excess irrigation.

Placing small amounts of fertilizer in the
production bed only at times when the crop requires
them results in reduced potential for soluble salt
injury to crops. This benefit of drip irrigation can
improve plant stands and overall crop uniformity and
yield and is particularly important when using water
sources that are high (greater than 1500 parts per
million) in soluble salts. Extra salt levels imposed on
the production system by high levels of dry fertilizer
in the bed can thus be reduced if the bulk of the
fertilizer is applied in small amounts through the drip
irrigation system.

Drip irrigation can be better than subirrigation in
production systems which must use low quality water
with high soluble salt contents for irrigation
purposes. This is because the water applied by drip
irrigation moves the salts away from the dripper,
rather than moving the salts up and concentrating
them near the plant as subirrigation does.

Although drip irrigation has many benefits that
are important in modern vegetable production, many
challenges exist with this technology. Drip irrigation
systems must be carefully designed and installed so
that they operate with proper efficiency and so that
fertilizers and chemicals can be applied in a legal,
uniform, and efficient manner. Drip irrigation
systems are expensive and should be designed and
installed by competent irrigation industry
representatives to ensure an operable and cost
efficient system. Significant amounts of technical
skill and management labor are required to properly
operate these systems so that peak efficiency and
benefits are realized. This means that trained
personnel should be involved with the design,
installation, and operation of the system. Proper
training and management skills are very important to
the success of any drip irrigation operation.

Most vegetable crops produced in Florida are
adaptable to drip irrigation. The crops most easily
adaptable are those crops that are currently produced
on bedded systems using polyethylene mulch. These
crops include tomato, pepper, eggplant, strawberry,
and cucurbits including watermelon, muskmelon,
squash, and cucumber. The cole crops including
cabbage, cauliflower, and broccoli also are easily
adapted to production with drip irrigation.

System Design Considerations

Proper design of the drip irrigation system for
efficient operation cannot be over-emphasized.
Benefits are quickly lost in poorly designed irrigation
systems. Growers should carefully investigate
companies with whom they will contract for the
system installation. These companies should have
experience and understanding of drip irrigation
systems and especially be able to design systems for
the particular needs of a specific production system.
It is beyond the scope of this publication to discuss
the specifics of complete drip irrigation design and
installation. There are numerous publications dealing
with drip irrigation design, installation, and
operation; Smajstrla et al., 1985a; Haman and Izuno,
1987; Smajstrla et al., (1994); Clark et al. (1993);
Smayjstrla et al. (1992). Several specific design
considerations concerning fertilizer management are
described in this publication.
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Fertilizer injector. One important component
of the drip irrigation system which is to be used for
fertilizer management is the fertilizer injector.
Several types of injection systems are available to
apply fertilizers through a drip irrigation system. The
major groups include positive displacement
(hydraulic or electric powered) pump injectors,
pressure differential systems, and venturi injectors.
The choice of a particular injector depends on the
desired longevity of the piece of equipment, the
required accuracy of injection, the required injection
rate, and whether or not corrosive chemicals such as
acids will be injected.

Some positive displacement injectors are water
powered, requiring a portion of the irrigation water to
drive the injection pump. Some types of pumps
discharge this water onto the ground. Other pumps
reinject it back into the irrigation system. All
injection systems which do not have an external
power supply (usually an electric motor) suffer a
pressure loss across the injector or proportioner.
Sometimes this pressure loss is great enough to
eliminate the use of a particular injection system.
More information on fertilizer injectors and pumps
can be found in Agriculture Engineering publications
(Haman et al., 1989; Haman et al., 1990).

Location of the fertilizer injector or proportioner
should be carefully considered in the design of an
irrigation system. It is important to locate the injector

so that relatively small amounts of water are
delivered to the field before the fertilizer reaches the
crop. Irrigation systems that have long or large
mainlines and submains that must be filled with
water before the irrigation water finally reaches the
irrigated crop, may experience problems when the
fertilizer is injected in frequent, small doses. In these
systems, the main lines and sublines must be filled
with water to bring the system up to pressure before
the fertilizer is injected. Therefore, a large amount of
water must be delivered to the crop before the
fertilizer can reach the crop. The potential for
overwatering a crop is high when the fertilizer
injector is not located near the point where water is
finally delivered to the crop. It is convenient to locate
the injector near the pump and irrigation controller so
that all of the components can be easily monitored.
However, injection points remote from the control

station may be required to obtain an adequate
uniformity of fertilizer application.

Backflow prevention. Irrigation systems that
will be injecting fertilizers or pesticides must, by state
law, have proper backflow and antisiphon equipment
installed in the system. A backflow prevention
system is needed to prevent the movement of water
containing fertilizer or other injected chemicals back
into the well or water source when the system is not
operating. Antisiphon equipment is also needed to
prevent the flow or suction of the fertilizer stock
solution back into the irrigation lines when the
system is not operating. More information on
backflow prevention systems for Florida is available
(Smajstrla et al., 1985a).

Irrigation controllers. Drip irrigation systems
are easily controlled and managed with field
computers or controllers (Figure 2). Management of
a drip irrigation system with a controller reduces
labor requirements and allows precise measurements
and applications of water and fertilizer. Controllers
are especially effective labor savers for drip irrigation
systems with several zones. Controllers also provide
the capability of recording and storing data on
amounts of water and fertilizer applied to each zone
in the system. This information can be valuable for
tracking the operation of the system, for diagnosing
problems, and for scheduling water and fertilizer
applications for future crops.

Figure 2

There are various types of controllers for drip
irrigation management. To select a controller for a
specific system, field managers should first determine
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their management objectives and what types of
information and data they want collected and stored.
Costs of computer controllers can range from a few
hundred dollars to several thousand dollars. Most
drip irrigation systems use controllers that cost from
two to six thousand dollars. The investment in a
controller for a drip irrigation system is usually a wise
investment. Without a controller, a system must be
manually operated and labor requirements will be

high because of the frequent, short-duration irrigation
events.

Filtration. A critical component of all drip
irrigation systems is the filtration system (Haman et
al., 1986; Haman et al., 1988a; Haman et al., 1988b).
Filtration systems differ depending on the quality and
source of the irrigation water (well water or surface
water). When pumping from wells, screen or disk
filters are usually adequate to remove particulate
matter such as sand or limestone. For surface water
systems, sand media filters may be required to trap
particulate matter such as algae, bacteria, larvae, and
organic matter that could be pumped from the pond
or lake.

In systems where fertilizers are injected, they
must be injected before the filters. Then the filters
will remove any particulate matter or precipitates that
occur as the fertilizer materials are injected into the
system.

Filtration is extremely important in drip
irrigation systems to prevent plugging and clogging
of the small drip irrigation emitters, and to maintain
design levels of uniformity in water and fertilizer
application to the crop. For most drip irrigation
systems, filtration on the order of 150-180 mesh is
satisfactory. However, growers should consult with

the particular irrigation tubing manufacturer to
determine recommendations for exact filtration

requirements.
Tubing Type and Placement

Tubing. There are two basic types of drip
irrigation tubing available to the vegetable grower.
These are reusable and disposable types of tubing.
The reusable tubing consists of heavy-wall
polyethylene and normally is at least 20 mil thick.
This tubing is designed to be reused for several (5 to

10) seasons. It typically is three to five times more
expensive than disposable tubing, but the higher cost
may be justified for use over multiple seasons.
Reusable tubing is applied from large spools and
recaptured onto those spools for storage at the end of
the season (Figure 3). Reusable tubing requires
considerable attention to maintenance and clogging
prevention to achieve a 5-10 season life span. If the
tubing and the emitters become clogged, the
uniformity of water and fertilizer application
decreases with each successive crop.

Figure 3

Another problem with reusable tubing concerns
the types and sizes of fields that the tubing is used in.
With each successive season, the tubing must be cut if
the row lengths of the fields vary from year-to-year
or season-to-season. If row lengths vary, then there
will be an accumulation of many cuts and splices in
the tubing as it is used.

Because of cost and management considerations,
reusable drip tubing is not commonly used in Florida
vegetable drip irrigation systems. Rather, disposable
drip tubing is most often used. Disposable drip
tubing, sometimes referred to as drip tape, comes in
various wall thicknesses normally ranging from 4 to
15 mil. Disposable tubing is designed to be used for a
single season or for two or three seasons in a
multi-cropping situation and then to be recycled or
discarded. In most vegetable crops, 6 to 10 mil drip
tape appears to be satisfactory. The heavier-walled
material should be used in situations where
multi-cropping will be practiced or where problems
are likely from rodents or field crickets that might
chew the tubing. Thin-walled tubing will also be
more easily damaged by high pressure.
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Depending on the size of the irrigation tubing,
the water delivery rate, and field slopes, permissible
lateral length may range from 200 to 600 feet. It is
important in the design and management of the
system to know the type of drip tubing and the
discharge rate. Drip irrigation tubing is designed to
have a certain uniformity of application flow rate
within a specified length of run in the field. For some
conditions, this maximum length of run may only be
200 feet. If lengths of laterals exceed those specified
by the manufacturer, then nonuniform water and
fertilizer applications will result.

Allowable lengths of run will also be dependent
on the field topography. Fields with steep slopes will
require special design considerations so that uniform
applications of water and fertilizer can be achieved.
Laterals should be placed across slope or down slope
whenever possible because lateral lengths will need
to be significantly reduced in areas of the field where
water will be forced uphill.

Emitters. Emitters in drip irrigation tubing
systems vary among manufacturers. Most emitters
use mechanisms that provide a tortuous pathway for
the water to pass before being emitted into the soil.
Generally, emitter discharge increases with system
pressure. However, some types of emitters may be
pressure compensating so that water discharge does
not change much with variations in pressure.

The lateral flow rate is important in the overall
design and management of a drip irrigation system.
Most drip irrigation tubing flow rates vary from 0.3
gallons per minute (gpm) per 100 feet of length to
0.65 gpm/100 ft with 0.5 gpm/100 ft being very
common. Larger flow rate emitters irrigate the crop
root zone quicker, and are less prone to clogging.

Conversely, low flow rate emitters allow longer
lateral lengths, but are more prone to clogging. In
some systems, high flow rate fertilizer injectors are
needed to inject the desired amount of fertilizer
within the run time constraints of the irrigation
system. Therefore, it is important to consider the
flow rate of the drip tubing when selecting a fertilizer
injector for a drip irrigation system.

The emitter spacing required along the laterals
depends on the type of soil and type of crop being

produced. Closely spaced emitters are often required
on typical sandy soils in Florida. Widely spread
emitters (greater than 24 inches) can result in dry
spaces in the bed, particularly when one emitter
becomes clogged. Emitter spacings on the order of 9
to 12 inches are optimum for close spaced crops such
as peppers, strawberries, squash, cucumbers,
muskmelons, and cole crops. Emitter spacings may
be as wide as 18 inches for wider spaced crops such
as tomatoes, watermelons, pumpkins, winter squash,
or eggplant. The emitter spacing is also important in
multi-cropping situations. In these situations, it is
normally better to choose a drip tubing with a
relatively close emitter spacing, (no greater than 12
inches), so that the tubing would be applicable for
nearly all multi-crop possibilities.

Flushing. Flush valves should be installed to
allow a drip irrigation system to be flushed
periodically during the season. Flush valves should
be installed at the end of each mainline and lateral.
During this draining process, accumulated
precipitates and particulate matter are discharged
from the tube. This valve can either be manual or
automatic. Automatic flush valves automatically
flush laterals at each irrigation. Most automatic flush
valves are open when there is low pressure in the
laterals but close when the pressure exceeds 1 or 2
psi. This means that a small amount of water is
flushed through the valves as the pressure builds up.

The required frequency of flushing depends on
the water quality and the amount of debris expelled.
With poor water quality, flushing may be required
daily or with each irrigation. With good water
quality, flushing may only be required weekly or
even less often.

Manual flush valves can be spring-loaded, a
threaded cap, a crimped tube or other manual valve.
For some systems, the ends of the laterals can be
folded back on themselves using a short piece of drip
irrigation tubing as a sleeve to hold the crimp in
place. Removing this sleeve allows the lateral to be
flushed manually.

Manual flushing should only be used on systems
with good water quality so that frequent flushing is
not required. It is normally not feasible to manually
flush laterals daily because of the labor required. If
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frequent flushing is required, then automatic flush
valves should be used.

Uniformity. To obtain maximum benefits from
drip irrigation, the system must maintain a high
degree of uniformity throughout the season. That is,
approximately the same amount of water and
fertilizer must be applied to all parts of the system.
High uniformity is obtained by proper system design
and installation. Uniformity of fertilizer application
will be no higher than the uniformity of water
application. Uniformity of the system can decrease
through the season if there are problems or failures in
the components of the system such as pressure
regulators or if drippers become clogged.

Drip irrigation systems should be checked
periodically for water flow uniformity (Smajstrla et
al., 1990). Uniformity of application is tested by
measuring the flow from various emitters in the field
and calculating an efficiency value. Information on
system design and field-testing for uniformity is
described elsewhere ( Smajstrla et al., 1990). A
simple field procedure was described by Smajstrla et
al., ( 1992), and is especially recommended for
systems used for fertilizer application. Application
uniformities of 90% or better should be sought for
systems through which fertilizer is applied.

Soil Bedding and Application of the
Drip Irrigation Tubing

Most plastic mulched vegetables in Florida are
produced on raised soil beds. Drip irrigation is easily
incorporated into the raised bed cultural system. Most
mulch application and bedding equipment can be
adapted easily to apply drip irrigation tubing in the
bed at the same time that the bed is formed and
covered with polyethylene mulch. When drip
irrigation is used, bed sizes on sandy soils, both
height and width, can be reduced compared to the bed
sizes and heights used for subirrigation. Reducing the
bed height can be appropriate with drip irrigation
because water tables are not managed as high as with
subirrigation, and therefore there is less tendency for
flooding problems. Because of the limited lateral
wetting with drip irrigation, bed widths can be
narrowed, resulting in less dry soil under the mulch
compared to where drip irrigation is used on wide

beds (Figure 4) and (Figure 5). Research with several
crops showed that there were no differences in yield,
for nearly all of the crops tested, for bed widths
ranging from 16 inches to 32 inches (Maynard and
Clark, 1989). For some crops, such as tomatoes, bed
sizes can be reduced to 24-inch wide tops to
accommodate the operation of the drip irrigation
system. Narrower beds require less plastic mulch (if
bed spacing remains the same) and reduced power
required to form the beds.

Figure 4

Figure 5

Lateral placement. Drip irrigation laterals can
be placed on the surface of the bed, in a shallow
groove, or buried at a shallow depth beneath the soil
in the bed. The main benefits from burying the tubing
would apply mostly to the thin-walled disposable
tubing. Burying the tubing places the laterals in a
position less accessible to rodents, crickets, and ants.
Another advantage of burying the tube is that it
prevents the tubing, especially the thin-walled
disposable tubing, from "fish-tailing" or moving on
the surface of the bed.
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Some manufacturers recommend that drip
irrigation tubing be buried from 1 to 2 inches deep in
the bed. However, burying makes the tubing less
accessible for repair operations, should they be
needed. It also makes it more difficult to replace a
piece of tubing that has become seriously clogged. If
the "fish-tailing" is the only anticipated problem, then
the tubing can be placed in a shallow depression
formed in the surface of the bed (Figure 6). Tubes
should not be buried deep in typical Florida sandy
soils because the upward movement of water will be
severely limited. Do not bury tubes greater than 1 to
2 inches deep.

Figure &

Figure 6

In most situations, the tubing is placed in the
center, or just off center of the bed with a single
lateral per bed. For single-row crops such as
tomatoes or melons, the tubing can be placed 3 to 4
inches off center and the crop planted down the center
of the bed. In twin-row cropping systems, such as
strawberries or peppers, the tubing can be laid down
the center of the bed with the two crop rows placed 4
to 6 inches from the tubing.

It is important to consider the soil-wetting
pattern of the tube in relation to placement of the
crop. In most situations, on sandy soils in Florida,
the wetting pattern from the emitter rarely exceeds 9
or 10 inches in any one lateral direction. This means
that a wetted band on the bed will rarely exceed 20
inches in width. This wetting pattern would be
considerably less, perhaps 12 to 14 inches, on very
sandy soils, and could be slightly higher, 30 inches or
more, on soils that contain a significant amount of
clay or silt.

Narrow wetting patterns in sandy soils may mean
that only a portion of the bed is wetted, especially
when the tube is placed to one side of bed center.
When fertilizer is broadcast in the bed, this restricted
wetting pattern will result in drying out of the
fertilizer in the dry part of the bed. An alternative
practice would be to place the tube in the center of
the bed regardless of whether single-row or
double-row crops are grown. In this system,
single-row crops can be planted in modified
double-row fashion by staggering the placement of
plants on either side of the tube. With this planting
pattern and tube placement, plants have better access
to nutrients in a more uniformly wetted bed.

Most drip irrigation manufacturers recommend
that the drip irrigation lateral tubes be positioned in
the bed with the emitter facing upward. This
positioning of the emitters normally reduces the
potential for clogging the emitters with particulate
matter.

The Effective Wetted Root Zone

Efficiency of irrigation with drip irrigation is
only obtained if the water and fertilizer delivered by
the system are confined to the plant root zone
(Persaud et al., 1976; Persaud et al., 1977; Graetz et
al., 1978; Sweeney et al., 1987). In Florida, water
quality is normally good so that leaching of salts is
not required. Under these conditions a drip irrigation
system should be managed to prevent water and
fertilizers from moving below the root system of the
crop. Research has shown that for tomatoes, more
than 80% of the roots are normally contained in the
upper 12 inches of soil in a subirrigated field. When
drip irrigation is used, root development will not be
limited by a high water table, and the root zone might
extend deeper than 12 inches. In other areas of
Florida where soils do not have a hardpan, roots might
also extend deeper. Growers will need to determine
the root zone for their particular soil and crop. This
knowledge will be critical to efficient management of
water and nutrients. For most Florida vegetable
crops, the root zone depth to be managed will range
from 12 to 24 inches.

It is important to maintain optimum soil
moisture in the root zone so that the crop can

















































































