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Abstract. Considerable variation exists among types of
irrigation systems used for orchard crops with respect to
functional performance, water use efficiency, initial and
operating cost, and maintenance requirements. These factors
are discussed for permanent overhead sprinkler, undertree
spray, and drip irrigation systems as they relate to supple
mental irrigation of orchard crops in Florida. The discussion
provides information to support selection of the system
which best meets functional requirements that may be estab
lished to emphasize control over crop yields, capital cost,
operational cost, labor input, water conservation or energy
input.
While all irrigation systems serve to apply water to soil
for use by crops, there are significant differences in how
each type of system functions to achieve this objective.
There are literally hundreds of possible variations in de
sign within each broad classification of irrigation type with
iFlorida Agricultural Experiment Stations Journal Series No. 843.

each having a special uniqueness. This situation invites
wild claims about the functional excellence of a particular
system. This is often confusing to persons who are un
familiar with how the various types of systems are intended
to function. It is the purpose of this paper to discuss the
functional performance and certain physical characteristics
of drip, overhead sprinkler, and undertree spray irrigation
systems for orchard crops.

Materials and Methods

In developing the distinctions between the types of
systems, many generalizations must be made for the sake of
brevity. The following general situation is common to each
of the three irrigation systems: (1) Size of irrigated area—40
acres (16 ha), (2) Soil type-deep sand, (3) Available water
holding capacity of soil within root zone—4 inches (102
mm), (4) Source of water—deep well, central location, (5)
Power source—electricity, (6) Spacing of trees—20 ft x 20 ft
(6.1 m x 6.1 m) 109 trees per acre, and (7) Topographylevel.
Fig. 1 is a hypothetical graphic representation of how
each type of irrigation system is intended to function in

replenishing water in the soil of the root zone. Rainfall does
not occur during the 50-day period covered by the graph.
Water consumption levels are representative of what might
be expected to occur during late spring in Florida. The
maximum average daily consumption of 50 gallons (189
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Fig. 1. A hypothetical example of average daily water consumption for mature orchard trees irrigated with three different types of irrigation
systems during a period of no rainfall.
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liters) per tree is approximately equal to a depth of 0.20 in.
(5.1 mm) of water over the 20 ft x 20 ft (6.1 m x 6.1 m)
area of land allocated to each tree. Several studies have in
dicated this quantity to be approximately correct (1, 3, 5).
It was assumed that the moisture content of all soil in the
orchard was at field capacity on day zero (Fig. 1). An
economic stress line is drawn on the figure to show how the
different type of systems function with respect to meeting a
selected water consumption level. While placing the line at
25 gallons (95 liters)/tree/day is believed to be realistic for
design considerations, its location should not be construed
as a recommendation (6). Variations in climatic, seasonal,
plant, soil and marketing factors contribute to difficulties in
fixing exact levels for locating the line.
Results and Discussion

The unirrigated curve represents a moisture extraction
oi approximately 1000 gallons (3790 liters)/tree for the 50
day period. This quantity is equal to the assumed four
inch (102 mm) storage capacity of the soil reservoir allo
cated to each tree. Theoretically, the tree would die at this
point and the water consumption curve would indicate zero
on the 51st day. Since very few mature trees succumb to
moisture stress in Florida, it is likely that the tree would
continue to survive by extending its root system to obtain
water from a soil zone below that normally used by the tree.
When trees are subjected to severe moisture stresses as
visualized by the unirrigated curve at 50 days, negative
economic consequences are likely to result. On day one,
with water readily available, 50 gallons (189 liters) was
consumed from the area allocated to each tree. On succeed
ing days, as soil moisture becomes less available, a smaller
quantity of water is consumed each day until it is down to
approximately ten gallons (37.9 liters)/day by the 50th day.
This characteristic curve is presented to illustrate the rela
tionship of a realistic level of average daily consumption to
the potential as water becomes less available.
The curve depicting drip irrigation is based on water
being supplied by a distribution system having 3 emitters
per tree ,each with discharge rate of one gallon/hour and
operating six hr/day. Thus, the quantity of application is
18 gallons (68.1 liters)/day/tree starting on day two. Emit
ters are located near the center of the tree where initial
water extraction is greatest (2, 4). On the eighth day, esti
mated daily consumptive use is 43 gallons (162.8 liters)/day,
18 (68.1 liters) from drip irrigation and 25 gallons (94.6
liters) from water stored in the soil reservoir. Prior to the
eighth day, the 18 gallon (68.1 liters)/day application is
excessive to some extent, however, management control to
eliminate this excess is considered impractical at this time.
For the remainder of the 50 day period, daily water avail
able per tree is 18 gallons (68.1 liters) from drip irrigation
and an amount from the soil storage reservoir that is pro
gressively less each day until on day 50 when the total
amount available is 28 gallons (106 liters) from the com
bined sources. While this quantity is above the economic
stress line, it is apparent that by extrapolating the drip
curve, an intersection with the economic stress line will
eventually occur. It is interesting to note the effect of in
creasing or decreasing the number of emitters per tree on
the shape of the drip curve. Two emitters per tree would
give an intersection of the economic stress line at about the
25th day while 4 emitters would extend the intersection to
100 days or more. Of course, with 5 emitters per tree, the
lines would not intersect. The point should be made here
that more water cannot be made available to the tree by
increasing the daily operating time or by increasing the

emitter discharge by elevating the operating pressure on the
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distribution system (7). The additional water would overfill
the soil reservoir under the emitter and the excess would be
lost to ground water. Rooting growth and activity does in
tensify in the drip watered soil as a drought progresses,
however, the 6 gallons (22.7 liters) per emitter per day used
in this example is believed to be near the maximum that
can be expected to be held in soil for a humid region and in
sandy soils (7).
The overhead sprinkler irrigation curve is represented
by a permanent type distribution system with 0.12 inch (3
mm)/hour gross application rate. Twenty-four hours of
operation will apply a net two inches (50.8 mm) depth of
water to the orchard. The management scheme for a 40
acre (16 ha) system with ten day irrigation frequency re
quires that a four acre setting be irrigated each day. The
two inch (50.8 mm) net application depth is equivalent to
50 gallons (189 liters)/tree/day. In theory, this quantity of
water meets the maximum consumptive use of the orchard,
however, in reality, a tree will average using less than 50
gallons (189 liters)/day for the 10 days between irrigation
cycles. As the curve indicates, water use during the first 10
day period is the same as unirrigated with average daily
consumption being 37.5 gallons (142 liters)/day. On the
tenth day, and continuing at 10 day intervals, 2 inches of
net irrigation is applied. Since a larger proportion of water
used is from the part of the soil water reservoir under the
tree canopy, the subsequent irrigation does not replace all
the soil moisture used during the preceeding ten day period.
In essence, the 2 inch (50.8 mm) application under irrigates
the soil under the tree canopy and over irrigates the re
mainder of the soil allocated to a tree (4). To generalize,
proper distribution based on soil moisture deficit would
require perhaps three inches (76.2 mm) under the tree
canopy and one inch (25.4 mm) for the remainder of the
orchard. It would be erroneous to claim that the dividing
line between over and under irrigated soil coincides exactly
with the edge of the tree canopy. However, there is ample
evidence that a disproportionate quantity of water is used
from soil under the canopy during the early days after a
thorough wetting of all the soil (4). Before the third and all
subsequent overhead sprinkler applications were made, the
consumptive use curve dipped below the economic stress
line. The magnitude of the dip gets progressively larger
which illustrates the culmulative effect of the continuing
under irrigation of soil under the tree canopy.
The irrigation system represented by the undertree spray
curve on Fig. 1 has one 280° coverage spray head for each
tree. Each spray head delivers twelve gallons (45.4 liters)
per hour at 15 psi (10.5 kg/cm2) and wets a soil area about
ten feet (3 m) in diameter. The net application quantity is
250 gallons (946 liters)/tree at five day intervals. The curve
indicates average daily consumptive use per tree is approxi
mately 44 gallons (167 liters). Water is applied under the
canopy near the tree center where the soil moisture deficit
is greatest.

Average daily consumptive use for the 50 day period was
calculated to be 37.5, 37.5 and 43.8 gallons (142.0, 142.0,
and 165.8 liters)/tree/day and the total quantity applied is
882, 2500, and 2500 gallons (3339, 9464, and 9464 liters) for
the drip, overhead sprinkler, and undertree spray irrigation
types, respectively. Approximately 45 gallons (170 liters) or
about 5% of the total 882 gallons (3330 liters) applied by
drip irrigation was considered excessive to the needs of the
soil. As stated earlier, the excess occured between day 2 and
day 7 of the 50 day period. The difference between 50
gallons (189 liters)/tree/day applied by the overhead
sprinkler and the undertree spray irrigation systems and
37.5 and 43.8 gallons (142.0 and 165.8 liters) estimated av
erage daily consumptive use, indicates excessive water ap259

plication of 25.0 and 12.5% for the two systems, respec
tively. These analyses are based on an assumption of 50
consecutive days without rainfall, an infrequent occurrence
in Florida. Under normal rainfall distribution, with some
times untimely occurrences insofar as irrigation frequency is
concerned, the quantity of excessive water application prob
ably would be greater than the above estimates for all three
types of systems.
Characteristics relating to costs and physical qualities
for the three types of systems are included in Table 1. All
values are based on a complete irrigation system for a 40
acre (16 ha) orchard. Standard system designs and current
prices are used. The designed capacity of each of the sys

tems is such that continuous operation is required to supply
the water requirements as indicated by Fig. 1.
Table 1. Physical characteristics, estimated cost and other attributes of
drip, undertree spray and overhead sprinkler irrigation systems for
orchard crops.2

Type of System

Drip

Undertree
Spray

Overhead
Sprinkler

$350 (|865)

$500 ($1235)

$1200 ($2965)

$101 ($250)

$182 ,($450)

$215 ($531)

4 (10.2)

6 (15.2)

6(15.2)

3.0 (2.3)

7.5 (5.6)

20.0 (14.9)

58 (3.7)

179 (11.3)

215 (13.6)

12 (8.4)

15 (10.5)

55 (38.7)

95

85

70

$1.94
Yes

$6.45
Yes

$16.92

Item

Water distribution systemCost/acre (ha)
Water supply—
Cost/acre (ha)y
Well sizeDiameter inches (cm)
Power requirementElectric motor, hp (kw)
Pump capacity—
gpm (liters/sec)
Operating pressure—
psi (kgs/cm2)

Average irrigation
efficiency—percent
Power costs—

Per day at $0.04/kwh
Water nitration required
Water chlorination—
Cost/day, 5 ppm
Labor—opn and maint,
man-hrs/acre (ha)/year

No

$0.84

$2.16

—

6.0 (14.8)

2.0 (4.9)

1.6 (4.0)

ZA11 calculations are based on 40 acre (16.2 ha) production unit.
^Assuming 300 ft (91 m) deep well, with 100 ft (30 m) casing and
pumping water level 75 ft (23 m) below ground surface.

The drip system costs less initially and to operate than
the other 2 systems. The undertree spray is next lowest in
costs. Water requirement for the drip system is about one
third of the requirement for the other two systems. Both the
drip and the undertree spray systems are likely to experi
ence a clogging problem to some degree depending on water
quality. For this reason, costs were allowed for equipment
and chemicals to combat the problem for these type systems.
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The chemical properties of waters of Florida do not cause
equipment problems for overhead sprinkler irrigation.
However, trees could probably tolerate water with higher
salt content if it were applied with drip or undertree spray
systems since water applied by these systems does not gen
erally come in contact with foliage (2).
Lateral distribution pipelines for most drip and some
undertree spray systems are installed on the ground surface.
This pipeline exposure can lead to maintenance problems
associated with other cultural practices and harvesting op
erations. Also, exposed pipelines deteriorate faster than
buried pipelines. Useful life of exposed pipelines varies rela
tive to exposure to the sun, quality of plastic, and opera
tional practices, however, 5 to 10 years of service can be
expected. The pipelines of permanent overhead systems are
buried beneath the surface and are expected to last 20 years.
Summary

A hypothetical analysis was made of function, costs, and
physical requirements for 3 types of irrigation systems
widely used by orchard growers in Florida. The systems
offer a range of choices with regard to initial costs, water use
efficiency and operating costs. With respect to function,
major differences are found in the quantity of water ap
plied, the frequency of application and the place of applica
tion. Approximately 3 times more water is applied per unit
area with the overhead sprinkler and the undertree spray
systems than with the drip system. A drip system with 3
emitters per tree probably would not be adequate to supply
enough water to prevent an economically significant soil
moisture stress near the end of a long-term drought. Daily,
10 and 5 day frequencies of application are used for the
drip, overhead sprinkler and undertree spray systems, re
spectively. Water is applied to about 10,100 and 20% of
the soil for the 3 systems, respectively.
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