
!PLICATE

Frost Protection in Pear Orchards
With Overtree Sprinklers

Special Report 96

September 1965

Cooperative Extension Service
Oregon State University

Corvallis, Oregon



Contents

E 

Introduction 	  	  • . 1

Instrumentation for Small. Test Area. 	 • . . • • OO	 .. .	 2

Temperature Control Tests 	  2

Test No. 1 - OVertree Sprinklers.•••......••

Test No. 2 - Uhdertree Sprinklers ...... . . . . . . 	 7

Test No. 3 Uhdertree Sprinklers . . ..•••• 	 	 9

Test No. 4 - Mist Sprinkler . .............• 	 9

Test No. 5 - Overhead Sprinklers in 18-Acre Orchard . . . 10

When to aim Off the Sprinklers. ••••••••. . • . . • 11

Summary 	  • • • . • • • • ••



FROST PROTECTION IN PEAR ORCHARDS
WITH OVERTREE SPRINKLERS

C. B. Gordy
Jackson County Extension Agent

Oregcn State Lhiversity

Introduction 

Frost damage to pear buds and fruit was effectively and safely pre-
vented by overtree sprinkling at Nedford, Oregon, in the spring of 1965.
Preliminary trial results with a single sprinkler were later =firmed
by usage in an 18-acre commercial orchard awned by Dunbar Carpenter.
Temperature increases of up to 5° F were obtained with no tree or fruit
damage.

The fear that the ice load will break limbs and in some cases de-
stroy entire trees is the principal reason more overtree sprinkling has
not been used. Tests here and elsewhere have shown this to be a real
danger. Even under carefully controlled conditions, ice is likely to
break some weak branches and would be hazardous to trees affected with
heart rot.

The ice load can be minimized in two ways. (he is to apply water
only when needed to keep the temperature above the critical level and ap-
plying only enough to do this. The other is to apply large enough quan-
tities of water to keep the ice washed off the trees. The latter method
did not appear economically feasible, so it was decided to use minimum
amounts of water.

Water is effective in preventing frost damage because of its ability
to release heat when it changes to ice. One pound of water at 32° F re-
leases 144 B.t.u. when it freezes to ice at 32° F. This heat will be
transferred to objects such as buds and fruit only if their temperature
is less than 32° F. On this basis, 117 gallons of water releases as much
heat by freezing as is released by burning one gallon of oil.

Preliminary tests shaded that overtree sprinkling did not affect the
air temperature as much or as rapidly as it did the temperature of the tree
tissues. Water drops do not freeze in the air but do freeze immediately
cn contact with branches, buds, fruit, or leaves. The heat of freezing
is then largely absorbed by these organs, warning them above air tempera-
ture. The air is then warmed by its close association with the tree tis-
sues. The air also gains a small amount of heat by cooling the water that
travels between the nozzle and the tree tissues. In this case, the noz-
zle temperature of the water was 50° F. It was close to 32° F when it
struck the tree parts. Much of this heat transfer occurs above the trees,
so it has little direct effect on air temperature at the 5-foot level.



In view of this, sheltered, minimum-registering thermometers which
measure air temperatures are not suitable to measure the effects of sprin-
kling, unless they are removed from the shelter and placed with the therr
moMeter bulb overhanging a support and exposed to the sky and to the sprin-
kling. This type of thermometer has a metal frame which gathers water
around the thermometer bulb, resulting in a greater rise in temperature
than occurs in the tissues. By removing the thermometer from the frame
or by bending back that part of the frame behind the thermometer bulb,
temperature readings were obtained which were comparable, within practical
limits, with tissue temperatures. Tissue temperatures for comparison were
obtained by inserting a thermister into a bud or small fruit. These were
reasonably close to the readings of the exposed thermometer.

It is emphasized here that while the thermometer which is exposed to
sky and sprinkling is a satisfactory indicator of tissue temperature, it
is not a good indicator of air temperature. Thermometers exposed to the
sky lose heat by radiaticn and register colder than the surrounding air.
Sheltered thermometers inside and outside the sprinkled area are needed
to determine when the sprinklers should be turned cn and off.

Instrumentaticn for Small Test Area 

Sheltered and exposed thermometers were placed within and outside
the area to be sprinkled. A thermister was inserted into a dormant bud
within the sprinkled area to determine tissue temperature. A rainbird
14V sprinkler with a 5/32-inch nozzle was placed an top of a 10-foot riser
in a close planting of 10-year-old pear seedlings. A valve in the riser
permitted quick and easy regulaticn of the pressure to the sprinkler and
of the amount of water applied at the instrument site. The sprinkler ro-
tated approximately every 25 seconds. A rain gauge at the locatian of
the thermometers had shoran in previous tests the amount of water which
would be delivered at various pressures.

Temperature Ccntrol 

Test No. 1 - Overtree Sprinklers 

The night of February 21, 1965, was clear and calm, with high nadia-
ticn heat loss - typical of spring frost nights. It was decided to hold
the temperature above 29° F, as this would protect the buds up to the late
popcorn stage. This temperature was reached at 11:45 p.m. The sprinkler
was turned an enough to deliver .06 inches per hour (Table 1). This con-
tinued until 2:00 a.m., at which time the air temperature outside the
sprinkled area had dropped to 26.5° F. The exposed thermometer and the
thermister in a bud in the sprinkled area were still holding at about 29° F.

As the air temperature outside the sprinkled area dropped, the rate
of water application was increased step by step from .06 inches per hour
to .08, .10, and .12 inches per hour. After the sprinkler operated at
that point for 45 minutes, with an outside air temperature of 25° F, it
was cut back to .06 inches per hour to see if less water would hold the
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temperature. In seven minutes the temperature of the bud dropped 2.5° F.
At that point, the rate of water application was increased to .14 inches
per hour. In 12 minutes the temperature of the bud was restored to its
previous level. It was repeatedly shown in other tests that tissues re-
spond very quickly to application of water or to Changes in rate of appli-
cation.

Temperature readings taken at 5-minute intervals fluctuated widely,
showing a maximal drop of 3 degrees and a maximum rise of 4 degrees at
these intervals. This was probably caused by poor distribution of water
and by the thermometer bulb being missed on several consecutive passes
of the sprinkler. As there is a continued rapid loss of heat by radia-
tion, the temperature dropped quickly when water was not applied. These
temperature drops show that the ice coating itself is of little, if any,
benefit in maintaining temperature. The rapid drops in temperature,
while undesirable, probably were of such short duration that no damage
resulted.

Table 1. Results of Sprinkling for Frost Control in Close-Planted,
Severely Pruned 10-Year-Old Pear Seedlings, Using "Overtree"
Sprinklers (February 21-22, 1965)

Tine

NonsprinkIed
Sheltered
alcohol
then-

mometer

area
Exposed
alcohol
ther-

moneter*

Sheltered
alcohol
ther-

moneter

Sprinkled
Thermister
inserted

in exposed
bud

area
Exposed
mercury
ther-

mometer

Exposed
alcohol
ther-

moneter* Remarks

°F of °F o f OF °F

7:45PM 35.0 33.0 35.2 34.0 33.5 33.0 Clear
9 :30 32.5 30.0 33.5 33.0 34.0 33.0 Clear, gusty

breeze
9:40 33.5 31.0 34.0 34.0 34.0 33.5 Clear, gusty

breeze
11:40 29.0 28.0 29.0 29.3 29.3 28.2 Clear, calm
Average 32.5 30.5 32.9 32.6 32.7 31.9

11:45
11:50

Water on
29.1

.06 inches
27.2

per hour
29.0 29.7 29.0 29.0 Clear, calm

11:55
12:00

29.2
29.0

27.1
26.9

29.0
28.9

29.7
29.0

31.0
28.0

30.3'
30.0 It

12 :05AM 28.9 26.9 28.8 30.0 29.8 30.2 It	 tt

12 :15
12:30
12:35
12:40

29.2
28.5
28.0
28.0

26.8
26.8
26.4
26.3

29.2
29.0
28.8
28.2

30.0
29.3
29.8
30.2

30.2
28.3
30.8
30.0

30.0
29.0
29.0
30.4

11	 It

I,	 VI

It

Average 28.7 26.8 28.9 29.7 29.6 29.7
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Table 1 (Ccntinted)

Ncns•rinkled area S • rinkled area
e tere xpcse. ere ermister xpose • xposed

alcohol
ther-

alcohol
ther-

alcohol
ther-

inserted
in exposed

mercury
ther-

alcohol
ther-

Tine mometer mometer* mometer bud monster mometer* %marks

°F or °F °F °F °F

12:45AM 27. 8 26.3 28.5 29.0 30.5 30.0 Clear, calm
12 :55 27.1 26.2 28.0 31.0 27.7 28.0 I/

1:00 27.5 26.1 28.0 29.0 27.8 28.0 11	 tl

1:10 27.0 25. 8 27.5 30.0 28.2 30.0 It

1:15 26.8 25.8 27.5 30.0 28. 3 30.0 tt	 11

1:25 27.2 26.0 26.6 27.0 27.0 27.5 it	 it

1:30 27.2 26.0 26.8 28.3 31.0 29.5
1:35 27.0 26.4 27.8 29.0 30.0 30.0
1:40 27.0 25.0 28.0 29.0 29.5 30.0 II

1:45 27.0 26.1 28.2 30.5 29.5 30.2
1:50 27.0 26.3 28.2 28.9 28.5 30.0
2 :00 26.5 25.0 27.0 28.9 28.0 28.0

Average 27.1 25.9 27.7 29.2 28.8 29.3

2:03 Water increased to .08 inches per hour
2 :05 26.5 24.9 27.0 29.5 27.8 28.5 Clear, calm
2 :10 26.2 24.9 27.0 29.8 29.0 28.3
2 :15 26.2 25.0 26.8 27.9 27.0 27.9
2 :20 26.0 25.0 26.5 28.0 28.0 29.0 It	 II

2 :25 26.0 25.5 26.5 28.0 28.0 29.0
2 :30 26.8 24.7 26.5 29.0 27.0 29.0
2 :35 25.7 24.8 26.2 28.5 28.5 28.5 I/

Average 26.2 25.0 26.6 28.7 27.9 28.6

2:38 Water increased to .10 inches per hcu
2 :40 26.0 25.0 26.2 28.0 29.2 30.0 Clear, calm
2 :45 25.6 24.4 26.6 29.2 29.5 29.5 It

2:50 26.0 24.5 26.8 29.8 29.0 29.5
3:00 27.6 27.0 28.0 30.0 30.5 30.5 Clear,increased

wind drift
from North

3:10 27.5 26.0 28.0 30.0 30.2 30.5 Clear,increased
wind drift
from North

3:15 27.5 26.5 28.5 30.6 31.2 30.8 Clear,increased
wind drift
from North

3:30 26.5 24.0 27.5 29.2 30.0 30.0 Clear, calm
3:35 26.3 24.0 27.3 29.0 29.2 29.5 It

3:40 26.0 24.0 26.8 27.8 28.0 29.0 It



Table 1 (Ccntinued)

Nonsprinkled area Sprinkled area
Sheltered Exposed Sheltered 'Ihermister Exposed Exposed
alcohol
ther-

alcohol
ther-

alcohol
ther-

inserted
in exposed

mercury
ther-

alcohol
ther-

Time mcneter mmeter* noneter bud mometer mometer* Remarks

°F °F or °F °F

3:45AM
3:50

26.5
26.5

24.5
24.4

27.0
27.0

30.0
28.5

29.0
29.0

28.9
29.0

Clear, calm
I,	 11

3:55 26.5 24.7 26.9 28.5 28.3 28.5 It	 If

4:00 26.0 24.2 26.9 29.1 29.0 29.1 It	 II

Average 26.5 24.9 27.2 29. 3 29.4 29.6 It	 It

4:03 Water increased to .12 inches per hour
4:05 26.0 24.0 26.9 29.0 29.5 29.5 Clear, calm
4:10
4:15

25.4
25.3

23.5
23.7

26.5
26.3

29.5
29.0

30.5
29.3

30.0
29.5

II	 I,

11	 11

4:20 25.2 23.5 26.0 29.5 29.0 29.0 11

4:25 25.2 24.5 26.0 28.8 30.2 29.5 It

4:30 25.0 23.8 25.8 29.0 27.5 28.0
4:35 24.8 22.6 25.6 29.8 29.0 28. 8 11	 It

4:40 24.7 22.3 25.5 30.0 28.9 29.5 11	 ft

4:45 24.7 22.9 25.5 30.0 29.0 29.5 11	 t1

Average 25.1 23.4 26.0 29.14 29.2 29. 3

4:48 Water reduced to .06 inches per hcur
4:50
4:55

24.7
24.6

22.6
22.8

25.6
25.2

28.5
27.0

28.0
26.5

28.5
27.5

Clear, calm
11

Average 24.7 22.7 25.4 27. 8 27.3 28.0 It

4:58 Water increased to .14 inches per hour
5:00 214.5 22.7 25.0 27.0 26.2 27.0 Clear, calm
5 :05
510
5 :15
5:25

24.5
24.7
25.0
25.5

22.7
23.0
24.0
23.7

25.0
25.2
25.4
26.0

29.0
30.2
29.2
29.0

27.5
29.0
28.5
27.5

28.0
28.5
28.5
28.3

It	 11

It	 U

It

ft

5 :30
5 :35
5:40

25.5
25.5
25.0

24.0
23.5
23.2

26.0
26.0
26.0

29.5
29.0
29.0

27.5
28.3
28.0

28.3
29.0
28.5

It	 11

ft	 11

It

5:45 25.6 23.4 26.0 29.0 29.5 29.2 It

5 :55
6:00
6 :05
6:10

25.0
25.0
24.5
24.0

24.0
23.5
23.5
23.0

26.2
26.0
25.6
25.0

30.2
30.0
30.2
28.0

30.2
'31.0
30.5
31.0

30.0
30.5
30.0
30.2

ff

ft	 It

ft

6 :15
6 :20

23. 8
24.0

22.4
22.4

25.0
25.0

28.5
27.6

31.0
31.0

30.5
31.0

It	 ft

ft	 It

6 :25
6:30

23.7
23.4

21.9
21.9

25.0
24.8

30.0
29.2

30.2
30.5

30.7
31.0

It	 If

ft	 If
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Table 1 (Continued)

Tine

Ncns•rinkled area S.rinkled area

Remarks

e tere •

alcohol
then-

noneter

Expose •

alcohol
ther-

monster*

heltered
alcohol
ther-

monster

* -nraster
inserted

in exposed
bud

Exposed
mercury
ther-

nxxreter

Exposed
alcohol
ther-

=meter*

of OF °F of °F °F

6:35AM 23.4 22.7 25.0 29.0 31.0 31.2 Clear, ca]
6:40 23.2 23.2 25.2 29.7 31.5 31.5 II	 11

6:45 23.4 22.8 25.0 29.3 31.5 31.5 II	 II

6:50 23.5 22.6 24.8 28.3 31.0 31.0 11	 It

6:55 23.5 22.8 214.6 28.6 30.8 30.8 II	 11

7:00 23.3 22.3 24.3 29.2 30.0 30.2 II	 II

7:05 23.4 21.8 24.3 29.3 28.5 29.7 "	 "
7:10 23.5 22.7 214.3 29.5 28.5 28.5 II	 II

7:15 23.8 22.3 24.6 30.0 28.5 29.0 Sun bare15
7:18 23.9 22.2 25.0 30.3 29.5 29.8 Sun up

Average 24.2 22.9 25.2 29.2 29.6 29.7

*Ibtal frame removed from exposed alcohol thermoneters.

Tissue temperatures increased as more water was applied (Table 2).
Water applied at the higher pressure was broken into a finer spray, but
this did not seem to increase its efficiency. At an application rate of
.14 inches per hour, the terrperature of the bud was raised 5° F. This
is as much protection as can be obtained from 35 heaters per acre wider
good heating conditions and more than can be obtained under adverse con-
ditions of air drift or very high ceiling. It is interesting to note that
freezing .14 acre-inch of water per hair releases the same amount of heat
as burning 32.5 gallons of oil per acre per hour. This indicates that
the heat liberated by freezing the water from overhead sprinklers is about
as efficient for frost protection as the heat from burning oil.

Table 2. Temperature Increase of Thermometers in "Overtree" Sprinkled
Area Over That of Sheltered Thermometer in Ncnsprinkled Area
(February 21-22, 1965)

Exposed Exposed Avg. of exposed
Inches Sheltered mercury alcohol thermometers
per ther- Thermister ther- ther- and
hour =meter in bud mometer nometer thermister

op of of of of

.06 ,6 2.1.	 . 1.7 2.2 2.0

.08 .4 2.5 1.7 2.4 2.2

.10 .7 2.8 2.9 3.1 2.9

.12 .9 4.3 4.1 4.2 4.2

.14 1.0 5.0 5.4 5.5 5.3

up



The temperature of the air in the sprinkled area was raised a maxi-
mum of 1° F above the air temperature of ncnsprinkled areas. Hadever,
as only one sprinkler was operated,, air movement into and out of such a
small area would have a great effect. This was demonstrated later in the
18-acre orchard.

Test No. 2 - Chdertree Sprinklers 

In test No. 1 the tree parts were protected by applying water direct-
ly to them and by warming them with heat liberated by the freezing water.
To do this, it was necessary to apply the water over the tops of the
trees. It would be more convenient and less hazardous to apply water
under the trees if the sane amount of heating could be obtained.

This was tested by placing three rainbird sprinklers with 3/32-inch
nozzles so that their sprinkler patterns had a good overlap. Sheltered
and exposed thermometers were set up outside the sprinkled area and above
the sprinkled area at the 10-foot level, which was high enough so they
would not be wet. This additional height placed them in somewhat warmer
air. Eight readings at 5-minute intervals before the sprinklers were
turned on shaded that the sheltered thermometers above the area to be
sprinkled averaged 0.7° F warmer than the outside sheltered thermometer
(Table 3).

Table . Results of Sprinkling for Frost Control in Close-Planted,
Severely Pruned 10-Year-Old Pear Seedlings, Using %Mel	 Lee"
Sprinklers (February 28-Mardh 1,1965)

Nonsprinkled area Sprinkled area
Sheltered Exposed Thermister S e tered Expose
.alcohol alcohol inserted alcohol alcohol
ther- ther- in exposed ther- ther-

Tine mometer mometer bud mometer mometer Remarks

°F °F °F °F °F

4:45 AM 30.5 28.0 30.5 31.0 30.3 Clear, calm
4:50
4:55

30.0
29.9

28.2
27.6

30.1
30.0

31.2
31.0

29.3
28.6 ft	 f1

5:00 29.7 27.5 29.9 30.2 28.0 It

5:05 29.5 27.6 29.8 30.0 27.8 IV	 II

5:10
5:15

29.5
29.4

28.0
26.9

29.5
29.5

29.9
30.0

27.0
28.8 fl	 Ir

5:20 29.0 27.2 29.3 29.7 28.5
Average 29.7 27.6 29.8 30.4 28.5

5:25 Water on under trees
5:30
5:35

28.6
28.6

27.0
27.5

29.0
29.0

29.5
29.6

28.5
27.8

Clear, calm
ft	 ff

5:40 28.5 27.0 29.0 29.6 27.0 If	 II

5:45 28.5 27.5 28.8 29.0 27.0 It	 II

Average 28.6 27.3 29.0 29.4 27.6



Table 3. (Continued)

Ncnsprinkled area Sprinkled area
Sheltered
alcohol
ther-

Exposed
alcohol
ther-

Thermister
inserted

in exposed

Sheltered
alcohol
ther-

Exposed
alcohol
ther-

Tine mometer mometer bud mometer mometer Remarks

°F °F °F °F °F

6:30AM 27.5 26.0 27.0 28.0 25.5 Clear, calm
6:35
6:40

27.4
27.0

26.0
25.8

27.0
27.0

28.2
28.0

26.0
27.0

It	 it

tr	 It

6 :45 27.0 25.2 27.2 28.0 26.5 It	 It

Average 27.2 25.8 27.1 28.1 26.3

Undertree sprinklers turned off
6 :48 Overtree sprinkler turned on .12 inches per hour
6:51 27.0  25.8 27.0 28.2 31.0 Clear, calm
6:55
7:00

27.1
27.5

26.0
26.8

27.2
27.2

28.2
28.5

31.0
30.5 it	 rr

7:02 1/4 sun peeping over horizon
7:05 27.8 26.5  27.6 28.6 30.5 It	 tl

7 :15 28.0 27.0 28.0 29.5 32.0
Average 27.5 26.4 27.4 28.6 31.0

The undertree sprinklers were turned on at 5:25 a.m., March 1,
shortly after the outside air temperature reached 29° F. Four readings
made at 5-minute intervals showed the air temperature above the sprin-
klers had not changed in relation to the ncnsprinkled air temperature
(30.4 - 29.7 = .7), (29.4 - 28.6 = .8). No readings were taken for the next
45 minutes, giving the sprinklers an opportunity to warm the air. Four
more readings were then taken at 5-minute intervals. These again showed
that the air temperature above the sprinklers had not changed signifi-
cantly in relation to the outside air temperature (28.1 - 27.2 = .9).
Relative humidity readings taken during the test period with a sling
psychrometer showed no difference between the two areas, 	 showing
92% to 95% relative humidity. Under the conditions of . his test, bearing
in mind its limited area, undertree sprinkling had no appreciable effect
en either the temperature or relative humidity of the air above the
sprinkled area.

At this point, the undertree sprinklers were turned off and over-
tree sprinkler turned en to deliver .12 inches per hour. An average of
five readings at 5-minute intervals shored the exposed alcohol thermometer
in the sprinkled area to be 31° F. This was 3.5° F above the air tempera-
ture in the nonsprinkled area. The air temperature under the sprinklers
raised .4° F more than the outside air temperature (30.4 - 28.6 = 1.8),
(29.7 - 27.5 = 2.2).

The temperature relationships in the test are summarized in Table 4.
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Table 4. Temperature Readings of Thermometers in Sprinkled Area Compared
to the Sheltered Thermometer Readings in the Ncnsprinkled Area
(February 28-March 1, 1965)

Sheltered Exposed
thermometer thermometer

O F °F

Before sprinkling occurred .7 -1.2

With sprinkling under trees
(First 20 minutes) .8 - 1.0
(60 to 80 minutes) +	 .9 -	 .9

With sprinkling above trees + 1.1 +3.5

Test No. 3 - Undertree Sprinklers 

Another attempt to warm the air by undertree sprinklers was made on
the night of March 12. Four "Perm-a-rain" sprinklers with No. 3 nozzles
were placed an the corners of a 25-foot square. These sprinklers whirled
rapidly and produced a fine spray. The pattern overlapped at the center.
Air temperatures above the sprinkled area at the 10-foot level and out-
side the sprinkled area ware taken. The sprinklers were turned an at
6:05 a.m., March 13, when average outside air temperature at the 5-foot
level was 29.2° F. The sprinklers were run for 30 minutes, then read five
times at 5-minute intervals. The average air temperature above the sprin-
kled area actually dropped slightly in relation to the outside air tem-
perature. Again, undertree sprinkling of a limited area failed to warm
the air above the sprinkled area.

It seemed reasonable to assume that if undertree sprinkling was to
be effective under conditions of high relative humidity, the water drop-
lets would have to freeze in the air and impart their heat of freezing
directly to the air. It was observed that the relatively fine droplets
produced by these sprinklers did not freeze in the air but did freeze an
the surface of the soil. The heat of freezing in this case would be im-
parted to the soil and quickly lost by radiation, thus relatively inef-
fective in raising air temperature.

Test No. 4 - Mist Sprinkler

To test this further, four sprinklers producing a very fine mist
were set up on a 25-foot square. These sprinklers were similar to a spray
nozzle with approximately a 1/32-inch opening in the disc and a whirl
plate below the disc. The very fine mist was discharged as a plume atop
a 7-foot riser. The plume was 4 feet wide and 5 feet high, and the minute
droplets settled gently to the ground. They did not appear to freeze in
the air, but settled and froze on contact with the ground. These mist
sprinklers were tested on the night of March 13. Before the sprinklers



were turned on, the air temperature was taken at the 10-foot level over
the center of the sprinkled area and also outside the area. After the
sprinklers operated for an hour, the temperatures were read six times
at 5-minute intervals. These readings showed air temperature above the
sprinkled area to be relatively the same as that of the outside air.
Here again, undertree sprinkling in a small area failed to influence air
temperature.

Test No. 5 - Overhead Sprinklers in 18-Acre Orchard

An opportunity to test overhead sprinklers installed in an 18-acre
orchard occurred on the night of May 6. The large Anjou and medium-sized
Bartlett trees in this orchard had a good crop of fruit nearly 1/2 inch
in diameter, a full set of leaves on the spurs, and about 6 inches of new
shoot growth. The orchard was located in a moderately cold area; since
there were no outside thermometers, it was necessary to estimate the tem-
perature by checking thermometers in the nearby area which historically
maintained about the same temperature as the test orchard. It appeared
that the temperature in the area of this orchard reached a low of 27.0° F.
This caused severe crop damage to unheated orchards.

The trees and rows were 25 feet apart. Sprinkler heads ware spaced
50 feet apart cn lateral lines which were also spaced 50 feet apart.
Sprinklers were offset, forming triangular patterns, and were supported
above the trees by galvanized iron risers. Nozzles were 1/8 inch in di-
ameter. The system was installed so the risers drained immediately after
the water. was turned off, thus preventing ice formation in the pipes.

The sprinklers were turned on at 1:00 a.m. and allowed to run with-
out interruption for one-half hour. This was done to obtain as uniform
wetting as possible of all parts of the trees and to raise air tempera-
ture if possible. Sprinklers were then regulated by a clock which turned
them on for 10 minutes and off for 10 minutes, alternately, until 4:30
a.m. The interval was then changed to 10 minutes an and 5 minutes off
until 5:30 a.m. At this tine, the sprinklers were changed to run con-
stantly until 8:15 a.m. and were then turned off. Eight rain gauges in
the orchard showed an average application of .89 inches. This amounted
to .16 inches per hour while the sprinklers were actually running, or .12
inches per hour for the 7.25 hours from 1:00 a.m. to 8:15 a.m.

The temperature of exposed alcohol thermometers remained at 31° F
or above most of the night, with the minimums registering 30.5° F. Shel-
tered thermometers within the orchard also remained close to 31° F, with
the minimums registering 30.5° F. This was a materially greater rise in
air temperature than was obtained by a single sprinkler. The same night,
a single sprinkler applying .12 inches per hour raised the tissue tem-
perature 4° F, but air temperature was raised only an average 0.6° F.

These temperatures gave complete protection against frost injury,
and the trees bore the ice load with no indication of breaking. (he
large, nearly horizontal limb, well loaded with ice, was pulled downward
several tines and gave no evidence of breaking, so there was still sone
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margin of safety. The danger of breaking limbs was minimized in this
test by not turning on the sprinklers until the critical temperature was
reached and by reducing the amount of water applied by alternately turn-
ing the sprinklers on and off. If further experience shows that overhead
sprinkling of a lame area will consistently raise the air temperature
under varied conditions of radiation and temperature drop, and the sprin-
klers do not freeze during the off period, then alternately turning the
sprinklers on and off would be just as effective in regulating the amount
of water applied as adjusting the pressure. It would also have the ad-
vantage of wetting all parts of the tree more thoroughly than would result
from a low-pressure sprinkler pattern.

This thorough wetting may be important when trees are in leaf and
young fruits are over 1/4 inch in diameter. On this night it was ob-
served that the lower sides of the fruits were not coated with ice. The
rise in air temperature resulting from sprinkling assured that these un-
coated sides would not be injured. It should be noted, however, that in
the single-sprinkler area where the air temperature was not raised above
the danger point, fruits with similarly exposed sides were not damaged as
Icing as the core temperature was held at 30.5° F or higher. Fruit on ad-
jacent unsprinkled trees was badly damaged.

When to 'Run Off the Sprinklers,

Fear has been expressed that if the sprinklers are turned off before
all the ice has melted that a sudden breeze might, by evaporative cooling,
cause a chilling and killing of the fruit or blossoms.

It was found that under most conditions in this area, sprinklers
could be turned off as soon as the air temperature outside the sprinkled
area had reached 1° F above the critical temperature. In this area,
critical temperatures are seldom reached before the air has reached 90%
relative humidity. At this relative humidity, a 10 to 15 mph wind will
lower the temperature 1° F. Several tests with a sling psychrcaeterdis-
closed temperature reductions of 1° F or less after the warming trend had
started in the morning. A fan was also set up and allowed to blow on
ice-covered thermometers and on tissues with a thermister point inserted.
In no case was the temperature reached mare than one degree below the out-
side air temperature. Local advice should be sought on this subject if
dew points are lower than the critical temperature or dry morning winds
occur.

During the early spring, when critical temperatures are well below
32° F, the sprinklers should not be turned off for prolonged periods dur-
ing the night if there is any possibility of their being needed later the
same night. Under these conditions, if a drop of water remains in the
nozzle, it will freeze rapidly and result in nozzle failure.

A rainbird sprinkler with a 5/32-inch nozzle was used in the single-
sprinkler test, at temperatures down to 23.5° F, with no impairment of
operation from freezing. Sprinklers with nozzles of 7/64 inch and small-
er did freeze up at these low temperatures. In the 18-acre orchard,
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1/8-inch nozzles were used with no freezing problens, but in this case
the air as well as the tissues were warmed.

Summary 

A series of single-sprinkler tests and large-scale experience in a
commercial orchard showed that the temperature of pear buds and fruit
could be raised as much as 5° F, and air temperature 4° F, by overtree
sprinkling. This comparesfavorably with results from burning 30 oil
heaters per acre. thdertree sprinkling in a very limited area had no
influence cn the temperature or humidity above the sprinkled area.

Proper regulation of the amount of water applied elininated break-
age of limbs under these test conditicns. Regulation consisted of not
applying any water until the critical temperature was reached, then
applying only as much water as needed to maintain the temperature 1° F
above the critical point. The water was turned off as soon as the air
temperature outside the sprinkled area reached 1° F above the critical
level.
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