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trawberry growers can ensure a full crop of berries only if they
exert some influence on temperature during the year. Temperature control is especially
important during the winter and early spring when flowers are susceptible to frost. Of all the
factors that negatively affect strawberry production, frost can be the most serious. Frost can
eliminate an entire crop almost instantaneously. Strawberries often bloom before the last frost
free date, and if a frost occurs during or just prior to bloom, significant losses can result. The
strawberry flower opens toward the sky, and this configuration makes the flower particularly
susceptible to frost damage from radiational cooling. A black (rather than yellow) flower center
indicates that frost damage has occurred.
Strawberry growers occasionally delay the removal of straw mulch in spring to delay bloom and
avoid frost. Research has demonstrated, however, that this practice also results in reduced yields.
Also, applying straw between the rows just prior to bloom will insulate the soil from the air. This
will increase the incidence of frost injury as solar radiation will not be absorbed by the soil and reradiated at night. If additional straw is to be applied between the rows in spring, delay its
application for as long as possible before fruit set.
Overhead irrigation is frequently used for frost control because flowers must be kept wet during a
freeze in order to provide protection. As long as liquid water is present on the flower, the
temperature of the ice will remain at 32F because the transition from liquid to ice releases heat.
Strawberry flowers are not injured until their temperature falls below 28F. This 4 degree margin
allows the strawberry grower to completely cover a field with ice and yet receive no injury from
frost. However, if insufficient water is applied to a field during a freeze event, more injury can
occur than if no water was applied.
Several principles are responsible for the ability of ice to protect strawberry flowers from injury.
First, although pure water freezes at 32F, the liquid in the strawberry plant is really a solution of
sugar and salt. This depresses the freezing point to below 32F. Also, ice crystals need nucleators
to allow them to form initially. Certain bacteria serve as nucleators. Sometimes, in strawberry
flowers, the bacteria that allow ice to form are absent, allowing the freezing point to be lowered.
The temperature of the applied water is usually greater than the temperature of the plants, so this
serves to warm the flowers before heat is lost to the air. As long as liquid water is continually
applied to the plants, the temperature under the ice will not fall below 32F. When one gallon of
water freezes into ice, 1172 BTUs of heat are released.
Several factors affect the amount of water that is required to provide for frost protection, and the
timing of application. At a minimum, apply water at 0.1 - 0.15 in/hr with a fast rotating head (1
cycle/min). Water must be applied continuously to be effective. A water source of 45 - 60
gal/min-acre is required to provide this amount of water. Choose nozzle sizes to deliver the
amount of water required to provide protection under typical spring conditions in your location.
Under windy conditions, heat is lost from the water at a faster rate, so more water is required to
provide frost protection. For every gallon of water that evaporates, 7760 BTUs are lost. The
application rate then depends on both air temperature and wind speed (see Table 1).
Under windy conditions, there is less chance of flower temperatures falling below that of the air
because of the mixing of air that occurs at the boundary of the flower. Winds are beneficial if the
temperature stays above the critical freezing point, but detrimental if the temperature approaches
the critical point. Less evaporation (and cooling) will occur on a still, humid night. Under
extremely windy conditions, it may be best not to irrigate because the heat lost to evaporation can
be greater than the heat released from freezing

Stage of
Table 1. Water application rate (in/hr) for a given humidity and wind speed.
development:
Wind Speed
Strawberry flowers
are most sensitive
Temp (F)
0-1
2-4
5-8
10-14
18-22
to frost injury
Relative humidity of 50%
immediately before
and during opening.
27
0.10
0.20
0.30
0.40
0.45
At this stage,
24
0.10
0.30
0.35
0.45
0.60
temperatures lower
20
0.15
0.35
0.45
0.60
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than 28F likely will
injure them.
18
0.20
0.40
0.50
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0.80
However, when
Relative humidity of 75%
strawberry flowers
are in tight clusters
27
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as they are when
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emerging from the
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as 22F. Likewise,
once the fruit
begins to develop, temperatures lower than 26F may be tolerated for short periods. The length of
time that plants are exposed to cold temperatures prior to frost also influences injury. Plants
exposed to a period of cold temperatures before a frost are more tolerant than those exposed to
warm weather. A freeze event following a period of warm weather is most detrimental.
Flower temperature: The temperature of all flowers in a field is not the same. Flowers under
leaves may not be as cold as others, and those near the soil generally will be warmer than those
higher on the plant. On a clear night, the temperature of a strawberry flower can be lower than the
surrounding air. Radiational cooling allows heat to be lost from leaves and flowers faster than it
accumulates through conduction from the surrounding air.
Soil also retains heat during the day and releases heat at night. It is possible that on a calm,
cloudy night, the air temperature can be below freezing yet the flowers can be warm. Wet, dark
soil has better heat retaining properties than dry, light-colored soil.
Using row covers: Row covers modify the influence of wind, evaporative cooling, radiational
cooling, and convection. Because wind velocity is less under a row cover, less heat will be
removed from the soil and less evaporative cooling will occur. Also, relative humidity will be
higher under a row cover, reducing heat loss from evaporation. In addition, convective and
radiational heat loss is reduced because of the physical barrier provided by the cover. Plant
temperature under a cover may eventually equal that of the air, but this equilibration takes longer
than with uncovered plants. In other words, row covers do not provide you with additional
degrees of protection, but they do buy time on a cold night as flower temperatures will fall less
rapidly inside a cover. Often the temperatures fall so slowly under a row cover that irrigation is
not needed. If irrigation is required, less water is needed to provide the same degree of frost
protection under a row cover. Water can be applied directly over the row covers to protect the
flowers inside.

Rules of thumb
1. Store sufficient water for 2 or 3 consecutive nights of frost protection
2. Use small diameter nozzles (1/16 - 3/16 in. diameter)
3. A 30 X 30 ft. staggered spacing of nozzles is preferable
4. Use metal sprinklers to minimize icing
5. Minimum rotation of once per minute

Table 2. Starting temperature for
frost protection based on dewpoint

Dewpoint
30 F
29 F
27 F
25 F
24 F
22 F
20 F
17 F

Suggested
starting air
temperature
32 F
33 F
34 F
35 F
37 F
38 F
39 F
40 F

Turning on the water: Since cold air falls to the lowest
spot in the field, a thermometer should be located here.
Place it in the aisle at the level of the flowers, exposed to
the sky, and away from plants. Air temperature measured
at this level can be quite different from the temperature
recorded on a thermometer at the back of the house. The
dewpoint temperature measured in the evening is often a
good indication of how low the temperature will drop on a
clear night, and is related to the relative humidity. Air
temperature will fall less if the humidity is high. If the air
is very dry (a low dewpoint), evaporative cooling will
occur when water is first applied to the plants, so
irrigation must be started at a relatively warm
temperature. Most local weathermen can provide the
current dewpoint, or it can be obtained from World Wide
Web-based weather information services.

If the air temperature falls below 34F on a clear, calm night, especially before 3 A.M., it would be
wise to start irrigating since flower temperatures could be several degrees colder (Table 2). On the
other hand, if conditions are cloudy, it may not be necessary to start irrigation until the
temperature approaches 31F. If conditions are windy or the air is dry, and irrigation is not turned
on until the temperature approaches 31F, then damage can occur due to a drop in temperature
when the water first contacts the blossom and evaporation occurs. Therefore, the range in air
temperatures which indicates the need for irrigation at flowering is normally between 31 and 34F,
depending on cloud cover, wind speed and humidity, but can be as high as 40F. Admittedly, these
numbers are conservative. Flowers can tolerate colder temperatures for short periods of time, and
irrigation may not be needed if the sun is about to rise. Obviously, one does not want to irrigate
too soon since pumping is expensive, and excess water in the field can cause disease problems.
Turning off the water: Once irrigation begins, it should not be shut off until the sun comes out in
the morning and the ice begins to slough off the plants, or until the ice begins to melt without the
applied water.
Waterless frost protection agents: Future solutions to frost protection could lie in waterless
methods, such as genetically engineered bacteria that do not promote the formation of ice.
However, to date, these materials have not been consistently effective, so they are not
recommended as the sole basis for frost protection.
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