Table 4. The effect of scaffold branch irrigation on the regrowth of
thirteen navel orange cultivars at the Citrus Research Station during
the 1989 freeze.
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7Rated on a scale of 0 - 10; where: 0 = no regrowth, 10 = excellent
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tion can proceed at a rapid pace and loss of production
can be minimized.
The cultivars that consistently score high in the various
factors that were evaluated were Parent 'Washington,'
'Cram/ 'Lane Late,' and 'Atwood.' Several other cultivars
that performed well enough to be worth mentioning are
'Pineapple,' 'Leng,' 'Fisher,' 'Carter,' and 'Dream.' There
fore, the results obtained tend to reinforce the beneficial
effects of scaffold branch irrigation as a viable method of
citrus freeze protection during severe freezes as experi
enced over the past years.
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Abstract. The severe windy freeze of 23-26 Dec. 1989 killed
most unprotected trees in Florida's northern citrus region.
Minimum temperatures reached 17°F with more than 43
hours below freezing. Microsprinklers elevated to a height of
2 or 3 ft inside the canopies of young citrus trees provided
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good protection to a height of 4 ft or more. Initial tree survival
height was better for trees with microsprinklers raised to a

3-ft height than has been reported for conventionally placed
microsprinklers in earlier severe freezes. Regrowth occurred
from protected scaffold branches. Six months after the freeze,
trees with microsprinklers raised to 2 ft and delivering 6.9 or
12.3 gal/hr had regrown to heights of 4.5 or 5.5 ft. Five-yr-old
trees with emitters at a 3-ft height and delivering 26.7 gal/hr
had regrown to an 8-ft height. Twenty-two months after the
freeze, tree heights at the observed sites were 9 to 11 ft. Trees
with no microsprinklers were killed to the ground. Micro
sprinkler spray diameter was 7 to 10 ft which resulted in
average application rates of 0.29 to 0.55 inch/hr on the wet
ted area. Some limb breakage was observed on trees younger

than 2 yr old when elevated microsprinklers were used during
a mild frost in 1990-91. Elevated microsprinklers providing
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high application rates to small areas promoted excellent tree
survival and rapid recovery after a major damaging freeze.

Microsprinkler irrigation has become widely used for
frost and freeze protection since the freezes of the early
and mid 1980s (Buchanan et al., 1982; Davies et al., 1984;
Parsons etal., 1981, 1982a, 1982b, 1985). In windy freezes,
young trees are usually protected to a height of about 3 ft
(Parsons et al., 1985; Parsons and Wheaton, 1987) and the
upper limbs die. Microsprinklers are normally positioned
near ground level, but in an attempt to protect more of

the tree, emitters have been elevated by several ft inside
the tree canopy.
Bourgeois and Adams (1987) used scaffold branch irri

gation to protect 1-yr-old navel orange and satsuma man
darin (Citrus unshiu) trees. Emitters that delivered 30 or 90
gal/hr were raised to a height of approximately 2.5 ft.
Bourgeois et al. (1990) showed that scaffold branch irriga
tion performed well in a severe Dec. 1989 Louisiana freeze
(minimum temp = 12°F) and gave a tree survival rate of
nearly 95% and 11% canopy survival. Tree regrowth after
the freeze was excellent while nonprotected trees were
completely killed. Braud et al. (1981) demonstrated that
water could provide some tree protection if applied con
tinuously in a way that developed a self-supporting ice
mass in the lower canopy. Water applied over the tops of
trees caused some limb breakage because of the ice mass
that formed in the upper part of the canopy.
A severe windy freeze occurred in Florida on 23-26
Dec. 1989. Minimum temperatures in the northern citrus
region were 17°F or lower with more than 43 hours below
32°F (Sells, 1990). Many unprotected trees in this area were
killed back to near ground level. This freeze had the
longest durations below 32°F of any freeze in 30 yr (J. G.
George, unpublished). Wind velocity was commonly 20
mph or more. In spite of the freeze severity, trees with
microsprinklers elevated inside the canopy were damaged
less than nonirrigated trees or trees with microsprinklers
placed near ground level. The objective of this paper is to
report observations where elevated microsprinklers pro
vided greater freeze protection than has been reported
before and to quantify tree recovery after this major
freeze.

Materials and Methods

Elevated microsprinklers in 20 commercial orchards
near Umatilla, Fla., reduced freeze damage of 2- to 5-yrold trees. Three sites of at least 200 trees each, represent
ing a range of tree age and water application rates, were
selected for this survey. Trees were navel or 'Hamlin'
orange (Citrus sinensis) on sour orange (C. aurantium L.)
rootstock. Microsprinklers were elevated 2 or 3 ft by plac
ing the stake and sprinkler assembly on top of a polyvinyl
chloride (PVC) support pipe. The elevated microsprinkler
was placed near the center of the canopy just north or west

(upwind) of the trunk. The 0.16 inch (4 mm) i.d. water
supply tubing was wrapped around the PVC support pipe
so that ice loading on the tubing would not cause the stake
assembly to fall over. Microsprinklers produced a 360° con
tinuous spray pattern with outputs of 26.7, 12.3, and 6.9
gal/hr at sites 1, 2, and 3, respectively. Greater water vol
ume, wetted area, and microsprinkler height were used
for the larger 5-yr-old trees at site 1. Measurements made
on six trees at each site included height of microsprinkler,
water volume and wetted area, initial tree height before
the freeze, height of surviving wood 2 months after the
freeze, and height of regrowth approx 6, 12, and 22
months after the freeze (Table 1, Fig. 1).

Comparisons were also made between elevated and
traditionally placed non-elevated microsprinklers at sites 4
and 5. These sites were adjacent to each other, planted at
approximately the same time, and within 1.8 miles of sites
1 to 3. Trees were 'Hamlin' orange on sour orange
rootstock. Microsprinkler height, tree height 12 and 22
months after the freeze, percent tree lost, and yield are
shown in Table 2. A t-test was used to compare tree height
between sites 4 and 5.
Precipitation rates were calculated based on emitter
output and spray diameter and are shown in Fig. 2. Points
resting on these curves show average precipitation rates of
0.1 to 0.6 inches/hr on the wetted area. Spray diameters at
sites 1,2, and 3 ranged from 7 to 10 ft, which resulted in
application rates on the wetted area of 0.29 to 0.55 inch/hr
at these sites. Commonly used microsprinklers are blue
(10-11.5 gal/hr), green (15-17.5 gal/hr), or red (23-24.5 gal/
hr). Spray diameter can vary with manufacturer and cap

design, but they range from 12-18, 13-22, and 14-28 ft for

Table 1. Characteristics of sites studied.

Scion/rootstock

Site 1

Site 2

Site 3

Navel/Sour orange

Navel/Sour orange

Hamlin/Sour orange

Tree age (yr)

5

2

in 1989
Mean

SD

Mean

Microsprinkler

2
SD

Mean

SD

height (ft)

3

0.01

2

0.01

2

0.01

Emitter output
(gal/hr)

26.7

0.30

12.3

0.24

6.9

0.22

Microsprinkler
spray diameter (ft)

10.0

-

-

7.0

-

7.5

Precipitation
rate (inch/hr)
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Fig. 1. Citrus tree heights before and after the 23-26 Dec. 1989 freeze.
A = height before freeze, B = survival height on 28 Feb. 1990, C =
height on 11 June 1990, D = height on 6 Dec. 1990, E = height on 23

4

6

8

10

12

U

16

18

20

22

24

Spray Diameter (ft)
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the blue, green, and red emitters, respectively. Depending
on spray diameter, precipitation rates of several common
blue, green, or red microsprinkler emitters are approx 0.1
inch/hr (Fig. 2) or less.
Results and Discussion

At all sites, elevated microsprinklers provided good
protection of the lower trunk and scaffold branches, and
canopy protection extended above the emitter. Although
the top part of the canopy was killed, tree height measure
ments at sites 1 to 3 on 28 Feb. 1990, showed that tree
survival height was 55 to 70% of the original canopy height
(Fig. 1). Rapid regrowth occurred, and by June, 1990,
canopy height was 70 to 85% of prefreeze height. One yr
after the freeze, trees were taller than before the freeze
(Parsons, et al., 1991). By 22 months after the freeze, trees
had grown to a height of 9 to 11 ft. Surviving tree height
after the freeze was more than twice the height that had
previously been reported for microsprinklers located near
the soil surface (Parsons and Wheaton, 1987). Adjacent
trees near sites 1 to 3 that received no water were killed.

Fig. 2. Plot of calculated average precipitation rate (inch/hr) for micro
sprinkler emitters of different output and spray diameter. Average pre
cipitation rates of emitters used at sites 1,2, and 3 are indicated with the
numbers 1, 2, and 3. A common blue, green, and red microsprinkler
(spoke pattern) are shown and have average precipitation rates near 0.1
inch/hr.

Several models have predicted irrigation application
rates for freeze protection. One model that predicts appli
cation rates for freeze protection under different
windspeeds is called SPAR 79 (Perry et al., 1982). For this
freeze (17°F minimum temperature, 20 mph windspeed),
the SPAR 79 model predicts that 0.6 inch/hr would be
needed for adequate protection (Parsons and Tucker,
1984). Observations from this study are close to the value
predicted by SPAR 79 and help provide field verification
for this model. Because application rates from micro
sprinklers are not uniform and because of different inter

ception amounts by different branches, it is possible for

some protection to occur at lower than predicted average
application rates.
At site 4, trees with elevated microsprinklers were sig
nificantly taller (P > 0.01) and there was less tree loss

Table 2. Characteristics of site 4 with elevated microsprinkler and site 5
with microsprinkler at normal height.
Site

Characteristic

Scion/rootstock
Tree age (yr) in 1989

Tree spacing (ft)

4

5

Hamlin/

Hamlin/

Sour orange

Sour orange

4

4

25X12.5

25X20
3600

Microsprinkler ht (ft)

876
2

Emitter spray pattern

Fan

Spoke

9.5 ± 0.5
11.2 ± 0.5

7.9 ± 0.9

Tree count

Tree ht., Dec. 1990 (± SD) (ft)
Tree ht, Oct. 1991 (± SD) (ft)
Trees lost (%)
Yield/tree (boxes)2, Dec. 1990
Yield/tree (boxes), Dec. 1991

0.5

9.2 ± 1.1

<0.1

20

0.92
2.62

0.10

1.00

Yield/acre (boxes), Dec. 1990

129

8

Yield/acre (boxes), Dec. 1991

366

87

7Based on 90-lb field box.

146

Fig. 3. Example of tree recovery at site 5 with microsprinklers located
at the traditional position of 0.5 ft from the soil surface. Photo was taken
on Oct. 23, 1991 near Umatilla, FL. Pole is 8 ft long.
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Fig. 4. Example of tree recovery at site 4 (adjacent to site 5 shown in
Fig. 3) with microsprinklers elevated to a height of 2 ft from the soil
surface. Pole is 8 ft long.

(Table 2; Figs. 3,4). In 1991, yield at site 4 with the elevated
microsprinkler averaged 2.62 boxes/tree while yield at site
5 with the non-elevated emitter was 1.0 box per tree (Table
2). If site 5 had been able to produce the same yield per
tree as site 4, then site 5 (which was approx 41 acres) could
have theoretically produced 5842 boxes more than it did
just 2 yr after this major freeze. It is assumed that the
elevation of the microsprinkler provided the major benefit,
but the type of spray pattern (fan or spoke) may also have
affected the cold protection ability of the system.
One disadvantage of elevated microsprinklers is the
possibility of limb breakage due to ice loading. Trees in
this study were initially 6 to 8 ft tall and had sufficient
scaffold limb diameters and structural strength so that little
or no limb breakage occurred. In a milder freeze in Feb.
1991, trees that were approx 4 ft tall did show some limb
breakage from ice loading from elevated emitters (Fig. 5).
With 1-yr-old trees or trees with thin branches, limb break
age can be expected with elevated microsprinklers
(Martsolf and Hannah, 1991). Younger trees ( 1 to 2 yr
old) can be protected to a height of approx 3 ft with an
emitter near the ground that sprays water upward into the
canopy (Parsons and Wheaton, 1987).
In addition to potential limb breakage, water applied
over the tops of trees at insufficient precipitation rates
could enhance evaporative cooling. Mature Florida citrus
trees were killed in a Dec. 1962 windy freeze by evapora
tive cooling with overhead sprinklers that applied water at
approx 0.1 inch/hr (Gerber and Martsolf, 1965).
This study shows that elevated microsprinklers can pro
tect trees in a very severe freeze to a significantly greater
height than can emitters placed near the ground. Since
fruit yield is strongly correlated with tree size, a method
such as this that protects more of the tree can lead to a
quicker resumption of fruit production after a serious
freeze.

Proc. Fla. State Hort. Soc. 104:

1991.

Fig. 5. Example of limb breakage on young trees less than 5 ft tall
caused by ice loading from an elevated microsprinkler. Limb breakage
occurred during a frost in Feb., 1991.
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