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Introduction
Florida has a diverse and vibrant tropical fruit industry of 
about 14,562 acres with an estimated economic impact of 
greater than $300 million to the state’s economy (Crane 
2018; Evans and Ballen, personal communication). Com-
mercial subtropical fruit crops include but are not limited 
to avocado, carambola, dragon fruit (pitaya), guanabana 
(soursop), guava, jackfruit, longan, lychee, mamey sapote, 
mango, papaya, passionfruit, sapodilla, and sugar apple.

To meet crop water needs and for freeze protection in cer-
tain areas, irrigation is a key cultural input for subtropical 
and tropical fruit production in Florida. Irrigation during 
dry periods prevents drought stress that may result in a 
delay to full production, nutrient deficiencies, and reduced 
fruit set, fruit yields, and quality (Goldweber and Colburn 
1971). Cold protection of tropical and subtropical fruit 
crops in Florida becomes necessary during freeze events, 
which occur periodically (e.g., Campbell et al. 1977, Ledin 
1958, Lynch 1940, Williamson and Crane 2010). Many 
types of irrigation systems have been utilized by Florida’s 
tropical fruit industry, and each has advantages and disad-
vantages with respect to use, infrastructure requirements, 
management, costs, and potential for freeze protection.

There are numerous considerations and decisions to be 
made in the design and installation of an irrigation system, 
including type of system and the proper engineering to 
meet the system’s needs (Bayabil et al. 2020, Boman and 
Shukla 2017, Boman and Shukla 2018, Boman et al. 2019, 
Haman and Zazueta 2017a, Haman and Zazueta 2017b). 
Irrigation system water-use and application efficiency 
vary by the type and management of the irrigation system 
(Smajstrala et al. 2002, Haman et al. 2002). Irrigation best 
management practices (BMPs) to meet crop water needs 
and prevent drought stress and nutrient leaching are 
addressed in other publications available through the UF/
IFAS Extension Electronic Data Information System (EDIS) 
at https://edis.ifas.ufl.edu.

Different types of high- and low-volume irrigation systems 
are commonly used for tropical and subtropical fruit crop 
production in Florida. New and prospective tropical fruit 
producers need information to make an informed choice 
as to which irrigation system may meet their irrigation and 
freeze protection needs. The choice of an irrigation system 
depends on several factors. The objective of this publication 
is to describe and comment on the major types of irrigation 
systems currently used by the tropical fruit industry of 
Florida.
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High-Volume Overhead Irrigation 
Systems (8-to-15-foot-tall risers)
High-volume overhead irrigation systems are used for 
irrigation and freeze protection (Figure 1). High-volume 
overhead irrigation systems consist of buried mainlines 
connected to 8–15 ft tall metal pipes generally spaced 
at 40–60 ft apart throughout the grove and topped with 
high-impact sprinklers. These systems are designed to apply 
0.2–0.25 inches of water per acre per hour or more. They 
are usually powered by a diesel or gas engine and pump, 
are designed to run at 30–60 psi, have an output of about 
91–113 gallons per minute (gpm), have a spray radius of 
up to 30 feet (~30% overlap among sprinklers), and are 
designed for complete land coverage. Typically in these 
systems, impact sprinklers spray water on a 360° radius at 
~45° trajectory, and depending upon output pressure, spray 
5–7 ft above 90°. Typically, these high-volume systems are 
not automated but managed manually (i.e., turned on and 
off).

Advantages
1. High-volume overhead irrigation systems provide 

irrigation and freeze protection to trees. Freeze protection 
potential depends upon pumping capacity, water distribu-
tion pattern, and management of the system.

2. High-volume overhead irrigation systems are designed 
to cover nearly all the grove land surface area with 
water in an overlapping pattern. This is important for 
the shallowly rooted fruit trees planted in Miami-Dade 
County, where land consists of well-drained crushed 
oolitic limestone about 6 to 8 inches deep. The grove 
may or may not also be transected in a grid pattern of 

16-to-24-inch-deep by 45-inch-wide trenches (Colburn 
and Goldweber 1961). These systems provide water to 
most of the lateral tree root system.

Disadvantages
1. Freeze damage may occur if the system is not designed 

for sufficiently high water output and complete canopy 
coverage or is not managed properly during a freeze 
event.

2. During prolonged freezing weather events, accumulation 
of ice on tree limbs may cause them to break. On occa-
sion the trunk splitting may cause further damage.

3. During advective freezes when winds may be >5 mph, the 
water distribution pattern may be distorted and result in 
parts of the tree canopy to experience evaporative cooling 
and be damaged or killed.

4. Irrigation application efficiency ranges from 60%–80% 
with an average of 75% (Smajstrla et al. 2002). Efficiency 
declines rapidly due to increased evaporation during 
windy or dry air conditions.

5. High-volume overhead systems require large pump 
capacity and engines to operate properly. Purchase and 
operational costs are generally higher than low-volume 
systems (Table 1).

While effective, these systems have gone out of favor during 
freeze events due to the potential for branch and trunk 
breakage when the weight of the ice accumulated along 
the tree branches and trunk. In addition, installing these 
systems (i.e., the cost of large pumps and engines and metal 
piping) and maintenance for these tall metal pipes with 
impact sprinklers is expensive.

High Volume Under-Tree Irrigation 
Systems (2-to-5-Foot-Tall Risers)
High-volume under-tree irrigation systems also provide ir-
rigation and freeze protection (Figure 2). These systems are 
more common than overhead systems, and some overhead 
systems have been modified (i.e., lowered the pipe height 
and added more lateral lines) to under-tree systems. These 
systems generally cause much less ice accumulation and 
therefore less tree damage. Maintaining these short PVC 
or metal pipes is easier than overhead systems. However, 
due to the increased number of irrigation lines and pipes 
necessary along with the large pumps and engines, cost may 
be about the same as for the high-volume overhead systems.

Figure 1. High-volume overhead irrigation pipe (metal pipe, 10 to 15 ft 
high) with brass high-impact sprinkler head (A) in a carambola grove 
(B) and a mango grove (C).
Credits: J. H. Crane, UF/IFAS TREC
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High-volume under-tree irrigation systems consist of 
buried mainlines connected to 2–5 ft tall metal or hard 
PVC pipes generally spaced 20–50 ft apart throughout 
the grove (depending upon row spacing) and topped with 
high-impact sprinklers. They are usually spaced so every 
other row and every second tree has a sprinkler between 
trees in-row (Figure 3). These systems are designed to 
apply 0.2–0.25 inches of water per acre per hour. They are 
powered by either diesel or gas engines and pumps and 
are designed for an output of 30–50 psi, with an output of 
about 91–113 gallons per minute (gpm), a spray radius of 
up to 30 feet and complete land coverage. Impact sprinklers 
spray water on a ~45° angle and depending upon output 
pressure, spray 5–7 ft above 90°. Typically, these high-
volume under-tree systems are not automated but managed 
manually (i.e., turned on and off).

High-volume systems under tree must be properly designed 
because an insufficient number of risers or poor water-
distribution pattern (e.g., too wide apart, interference from 
tree canopies) results in uneven water distribution, and 
some trees or parts of trees may experience freeze damage 
by evaporative cooling.

Advantages
1. This system provides irrigation and freeze protection to 

trees. However, because the distribution of water reaches 
only 5 to 7 ft from the ground into the canopy, the canopy 
above about 9 ft may be damaged. This is more of a 
problem for older/larger trees than younger/smaller trees; 
however, recovery from the upper-tree freeze damage is 
usually rapid. Generally, ice accumulation on the lower 
trunk and main limbs does not result in limb breakage 
because these lower limbs are stronger than upper limbs. 
These systems are now preferred over high-volume 
systems over tree for this reason.

2. Like overhead, these systems are designed to cover a 
large area of the grove surface area with an overlapping 
distribution pattern (Fig. 3). Similarly, for groves planted 
in Miami-Dade County these systems provide water to 
nearly all the lateral tree root system.

3. Irrigation application efficiency is potentially better than 
high-volume overhead systems if there is minimal tree 
canopy interference, mainly due to less wind distortion 
and evaporation.

Disadvantages
1. High-volume under-tree systems require large pumping 

capacity and engines to operate the system properly. 

Figure 2. High-volume irrigation system with a 2 ft high sprinkler 
(typically called under-tree irrigation) made of PVC pipe and plastic 
high-impact sprinkler head in a lychee grove (A), a system made of 3 ft 
high metal pipe with brass high-impact sprinkler head in an avocado 
grove (B), a close-up of a 2 ft PVC pipe and plastic high-impact 
sprinkler head (C), and a 2 ft PVC pipe with high-impact spinner-type 
head (D).
Credits: J. H. Crane, UF/IFAS TREC

Figure 3. High-volume under tree irrigation impact sprinklers (star) 
arrangement in and between trees in the rows (green dot) and ground 
coverage (circles) (not to scale).
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Purchase and operational costs are generally higher than 
low-volume systems (Table 1).

2. There is potential for tree freeze damage if the wetting 
pattern is obstructed by adjacent or nearby trees.

High-Volume Irrigation Placed 
inside the Tree Canopy (High-
Volume In-Tree Systems)
High-volume in-tree irrigation systems also provide 
irrigation and freeze protection (Figure 4). These systems 
are much less common than other high-volume systems. 
These systems generally result in much less ice loading and 
tree damage because of the high volume of water applied 
per acre. Maintaining these PVC or metal pipes is generally 
easier than the overhead systems, but the increased number 
of irrigation lines and pipes necessary (one for each tree) 
along with the large pumps and engines needed make this 
the most expensive high-volume system.

High-volume in-tree irrigation systems consist of buried 
mainlines and submains connected to 2–9 ft tall hard PVC 
pipes placed 2–5 ft adjacent to the trunk of each tree. The 
pipes are typically placed within the tree dripline and are 
topped with either a high-impact sprinkler or spinner-type 
sprinkler. These systems are designed to apply 0.20–0.40 
inches of water per acre per hour. They are powered by 
either diesel or gas engines and pumps and are designed 
for an operating pressure of 30–60 psi, with an output of 
91–181 gallons per minute (gpm) and a spray radius depen-
dent upon the size of the tree canopy area. In mature trees 
the distribution of water is mostly confined to the inside of 
the tree canopy. Like the other high-volume systems, most 
systems are not automated but managed manually (i.e., 
turned on and off).

Advantages
1. This system confines irrigation distribution to the canopy 

dripline around the trunk. Observations of these systems 
during freeze events indicate that very little ice accumu-
lates on tree limbs and the trunk due to high volume of 
water and heat released during freeze events with this 
system.

2. This system provides excellent cold protection. It may 
be used for irrigation, but because of the high volume 
of water output and limited lateral water distribution, 
establishment of an additional low-volume irrigation 
system (e.g., microsprinkler) for meeting crop water 
needs may reduce annual water usage and energy costs.

3. The in-tree riser may be installed higher by adding a pipe 
and thereafter adjusting to increasing tree height as trees 
age.

4. Irrigation application uniformity is better than high-
volume overhead and under-tree systems because of 
much less wind distortion and evaporation.

Disadvantages
1. The system usually requires a high-capacity pump 

and engine that have the capability to apply more than 
0.25–0.40 inches of water per acre per hour.

2. High-volume in-tree systems require large pump capacity 
and engines to operate the system properly. This is the 
most expensive irrigation system to purchase and operate 
(Table 1).

Low-Volume Drip-Irrigation 
Systems
Drip systems are very efficient at applying water to the soil 
surface and are commonly placed under plastic or organi-
cally mulched beds (Figure 5). Drip is used primarily for 
papaya and banana production in Florida. The output of 
drip irrigation depends upon the pump pressure, tube siz-
ing, number and size of emitters, and number of tubes per 
plant bed. However, they provide no cold protection. These 
systems may be powered by 5 hp electric or fuel engines 
and pumps, may be modified to inject fertilizers, and are 
generally automated. The cost of drip systems is less than 
the high-volume and microsprinkler systems (Table 1).

Figure 4. High-volume irrigation with PVC pipes with spinner-type 
high-impact sprinklers inside the tree canopy (typically called in-tree) 
of lychee trees. (A) High-volume sprinkler on 18-inch PVC pipe and (B) 
high-volume sprinkler on 5-foot-tall PVC pipe.
Credits: J. H. Crane, UF/IFAS TREC
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Advantages
1. Properly managed, these systems use low volumes of 

water and directly apply water to the root zone. They may 
be managed to meet crop needs and, if properly operated, 
minimize leaching of nutrients beyond the root zone 
(rhizosphere).

2. Fertilizers and other chemicals can be distributed 
through properly designed and equipped injection 
systems.

3. These systems require less pressure to pump water 
than high-volume systems; therefore, smaller pumps 
and engines can be used. Generally, low-volume drip 
systems are less expensive to install and maintain than 
high-volume systems. However, regular maintenance is 
necessary to prevent or correct clogging of the emitters or 
drip-tubing.

4. Irrigation application efficiency is higher than in high-
volume systems and ranges from 70%–90%, with an 
average of 85% (Smajstrla et al. 2002).

5. These systems are ideal for plastic- or organic-mulch 
bedded planting systems where the water is generally 
confined to the bed soil volume.

6. Drip systems are generally less costly to install and 
maintain than high-volume systems (Table 1).

Disadvantages
1. The lateral spread of water is limited in sandy soils of 

Florida and the oolitic limestone-based soils in Miami-
Dade County. This may not be too important for young 
woody trees, but for mature woody trees, most of their 
root system is well beyond the dripline, and therefore 
drip systems may not be capable of meeting crop water 
needs.

2. These systems do not provide freeze protection.

3. Due to the low pressures used to move water, clogging of 
the emitters can be a problem. Clogging can be caused by 
particulate matter (dirty water), proliferation of microor-
ganisms, chemical precipitation (Liu and McAvoy 2018), 
and chemical residues.

4. Tubing on the soil surface is easily damaged by sunlight, 
rodents, and wildlife, and as a result it requires frequent 
maintenance and replacement of parts.

Low- and High-Volume 
Microsprinkler Irrigation Systems
Low- and high-volume microsprinkler systems are efficient 
at applying water to much of the tree root system area from 
the trunk to the canopy dripline when managed properly. 
Their use in cold protection depends upon their capacity 
for water output and management during a freeze event. 
Like drip systems, microsprinkler systems may be designed 
to inject agrochemicals through the system. These systems 
may be powered by electric or diesel/gas fuel engines and 
pumps and are generally automated. The cost of micro-
sprinkler systems is lower than that of the high-volume 
overhead, under-tree, and in-tree systems, but higher than 
for drip systems (Table 1).

Depending upon system design and components, micro-
sprinkler systems are designed to apply water within a con-
fined radius and/or wetting pattern (Parsons and Morgan 
2017) (Figure 6). The systems are generally composed of an 
electric motor and pump, buried main and submain lines, 
aboveground flexible lateral-line tubing, and hard plastic 
stakes with an emitter. There is a huge selection of emitters 
that influence the spray volume and uniformity of irrigation 
water distribution (Smajstrla et al. 2018). Depending upon 
the system design and pumping pressure these systems may 
be classified as low-volume systems, 5–10 gal per emitter 
per hour, or high-volume, >15 gal per emitter per hour.

With tropical and subtropical fruit crops, there is very little 
experience using microsprinkler systems for freeze protec-
tion. For example, young sapodilla trees 1–3 years old were 
successfully protected from freezing temperatures (31°F; 
December 27–28, 2010) by a high-volume microsprinkler 
irrigation system used in conjunction with fiberglass 
batting installation of trunk wraps and placement of the 
emitters about 3 ft high in the tree canopy (J. H. Crane, 
personal communication; NOAA-NWS 2010) (Figure 7). In 
contrast, there is a wealth of information on microsprinkler 
freeze protection for citrus (e.g., Oswalt and Vashisth 2019, 
Parsons and Boman 2019, Parsons et al. 1991). However, 

Figure 5. Low-volume drip tubing underneath plastic mulch. Photo 
credit:
Credits: J. H. Crane, UF/IFAS TREC
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for most tropical fruits there is no experience using these 
systems during a prolonged or very cold freeze event.

For freeze protection of young trees, the ground-based 
microsprinklers need to be located on the north or north-
west side of the tree, 2 to 3 feet away from the tree trunk. 
This allows winds during advective freeze (windy freezes) 
events to blow water toward the tree. The best emitters for 
freeze protection are fan-type of either 90° or 180° wetting 
pattern that concentrate their spray onto the lower portion 
of the tree canopy and trunk. Alternatively, microsprinklers 
with 360° fan-type microsprinklers may be placed on 
24-to-36-inch-high stakes in the center of the tree canopy 
(2 to 4 inches from the trunk) of young trees (Figure 7). The 
emitter tubing needed is much longer than ground-based 
microsprinklers and should be wrapped around the stake to 
keep ice formation from pulling down the elevated emitter. 
In conjunction with microsprinklers the installation of 
high-insulating-value tree wraps provides additional freeze 
protection to young trees (Oswalt and Vashisth 2019, 
Parsons and Boman 2019, Rieger et al. 1986). Tree wraps 
should have a high insulation R-value, which indicates 
its resistance to heat flow (or loss). Tree wraps made of 
fiberglass batting have a relatively high R-value (2.9–3.8) 
(Figure 7).

Advantages
1. A larger area and volume of soil and rhizosphere is 

irrigated with these systems compared to drip systems.

2. Properly used, these systems direct the application of 
water to the root zone area of one tree or two adjacent 
trees (placement is critical).

3. Fertilizers and other chemicals may be distributed 
through properly designed and equipped systems (Clark 
et al. 2017, Haman and Zazueta 2017b).

4. Irrigation application efficiency is higher than high-
volume overhead, under-tree, and in-tree systems and 
ranges from 70%–85%, with an average of 80% (Smajstrla 
et al. 2002). Efficiencies decline in young plantings where 
sprinklers are more exposed to windy conditions.

5. These systems require less pump pressure to distribute 
water than high-volume overhead, under-tree, and in-tree 
systems, and therefore smaller pumps and engines may 
be used.

6. Generally, low-volume microsprinkler systems are less 
expensive to install and maintain than high-volume 
systems, but they cost more than drip systems (Table 1).

Disadvantages
1. The low-volume microirrigation systems provide little 

to no freeze protection. This is because the volumes of 
water applied are too low, and distribution patterns (plant 
coverage) are generally insufficient to protect tropical and 
subtropical fruit trees during freezing weather events. 
Winds of >5 mph can alter the application pattern, often 
resulting in uneven water distribution and evaporative 
cooling of plant surfaces.

Figure 7. Young sapodilla tree with a fiberglass batting tree trunk wrap 
and elevated microsprinkler (A) prior to and (B) during the December 
27–28, 2010 freeze event in Homestead, Florida.
Credits: J. H. Crane, UF/IFAS TREC

Figure 6. Microsprinkler irrigation in a young lychee grove (A and B), 
avocado grove (C) and guava grove (D).
Credits: J. H. Crane, UF/IFAS TREC
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2. Due to the low pressures used to distribute water, clog-
ging of the emitters can be a problem. Clogging can be 
caused by particulate matter (dirty water), microorgan-
isms, and chemical residues.

Summary
High- and low-volume irrigation systems are used by 
Florida’s subtropical and tropical fruit industry. Historically, 
high-volume systems were installed and used for irrigation 
and freeze protection. As the water-use and fuel efficiency 
of low-volume systems became apparent, some producers 
installed these systems along with their high-volume 
systems, limiting the high-volume system use to freeze 
protection. During the last decade, many new groves and 
older established groves have installed microsprinkler 
irrigation systems. Many of these may not have the capacity 
to afford much freeze protection for tropical fruit trees, 
especially young trees. Current, new, and potential tropical 
and subtropical fruit producers should carefully review the 
water requirements and cold and freeze tolerance needs of 
their fruit crops and install or upgrade an existing system to 
meet those needs.
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Table 1. Range in cost to establish and maintain high- and low-volume irrigation systems for one acre of tropical fruit production 
in south Florida.

System type Cost to establish ($) Cost to maintain per year ($)

High volume over tree 7,000–8,000 100–200

High volume under tree 7,300–8,400 100–200

High volume in-tree 8,000–9,000 100–300

Drip system with injection capability 1,200–2,000 250–300

Low-volume microsprinkler with injection capability 2,000–3,000 300–350

High-volume microsprinkler with injection capability 2,500–3,500 300–350


