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is an important consideration for vineyardists in California’s

north coastal grape-growing districts. Most, but not all, vineyards
in that area are subject to great enough frost hazards to warrant the use
of frost protection systems.

This publication describes methods and principles of frost protec-
tion and compares installation and operation costs of the two principal
frost protection methods used in Napa, Mendocino, and Sonoma coun-
ties: overhead sprinkler systems and wind machine-heater combinations.

A frost protection system should be used only if it is economically
sound; that is, if the probable crop losses due to spring frosts over the
long term outweigh the costs of providing and operating frost protec-
tion equipment.

F rost protection during the spring months after vine growth begins
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Do you need
frost protection?

To make the right decision about whether to buy a
frost protection system, you must have some measure
of expected frost frequency and severity. Every vine-
yard has a slightly different history of frost occurrence,
and past records provide the best information as to

whether your area should be protected. Low-lying
areas near river bottoms, or areas where brush, dense
growth, or highway fills block natural air drainage,
are colder than vineyards on hillsides or sloping ground.

The National Weather Service maintains key tem-
perature stations during the frost season and has sum-
marized the data from some of the stations in the north
coast area (see table 1). The summary of the tempera-
tures recorded at the Napa key station is included as
an example and guide.

Fig. 1. Shoot breakage has not been experienced with sprinkling during spring frosts. This photo, taken just after suarise,
shows the extent of ice buildup on the shoots after sprinkling during the severe frost conditions in April 1964.



TABLE 1. Low Temperatures Observed During Fruit Frost
Period (Mid-March to Mid-May)—1937 to 1981-at the
Napa Key Station

32°  30° 28° 26°F

Most consecutive nights at or below 10 6 2 1*

Yearly average number of nights

at or below 7 3 1 -02*

Range in number of nights per

year at or below 1-20 0-16 0-7 0-1°

Yearly average number of hours

at or below 27 12 3 =T

Range of number of hours per

year at or below <1-78 0-40 0-10 0-2%

Longest single duration—in hours—
at org bclowg 9 TV 4% 2

SOURCE: Compiled by Harold L. Coffer, Agricultural Meteorologist,
National Weather Service.

. *One night in 44 years at or below 26 °F (flowest observed temper-
ature: 25°F).

TTwo hours in 1944 only.

Principles of frost
protection methods

Sprinkler-applied water—continuous use. Con-
tinually applied sprinkler water protects grapevines
by releasing heat as the water freezes to ice. A mixture
of water and ice stays at the freezing point (32°F)
until all the water has changed to ice, or vice versa.
By constantly rewetting the surfaces of the grapevine’s
leaves, shoots, and clusters, it is possible to maintain
a film of water on the ice coating formed on the grape-
vine parts (see fig. 1). The ice and water mixture
maintains a protective temperature of 32°F on tender
vine surfaces.

It is essential to provide enough precipitation to
keep water available for freezing on wet crop surfaces.
If water is not available to constantly maintain the ice
and water mixture, temperatures may drop low enough
to cause damage. On the other hand, excessive pre-
cipitation rates cause heavy ice buildup around vine
parts and may waterlog the soil.

Wind machines and heaters. During the day the
sun warms the earth’s surface—soil, vines, etc.—
which in turn warms the air in contact with it. A layer
of warm air builds up over the vineyard as the air at
ground level warms and rises.

At night the process reverses. The earth’s surface
loses heat through outward radiation to the clear, cold
sky. The air in contact with the earth’s surface is cooled
and, because cold air is heavier than warm air, it tends

to remain at ground level or flow to lower areas. This
nighttime condition is called inversion.

Frosts that develop under such conditions are
called radiation frosts. They are characterized by
cold air at the ground surface that builds up to varying
heights, with warmer air above. Both wind machines
and heaters work better when the warm air or ceiling
is near the ground, a condition called strong inversion.

Wind machines depend on having warm air above
the vineyard. They derive their effectiveness from mix-
ing the warmer air with the cold air in the vineyard.
The difference between the air temperature at 5 feet
and 40 or 50 feet above the ground is a common way
to measure or describe a temperature inversion. By
rule of thumb, a temperature rise of one-fourth the
temperature inversion can be achieved by using a
wind machine at 10 hp per acre.

Orchard heaters provide heat by direct radiation
and by convection. Hot-stack heaters, like the return-
stack type, give out 25 to 30 percent radiant heat.
Radiant heat travels on a line of sight from the heater
to the vine or any other surface in the vineyard.

Wind machines and heaters working together
provide more frost protection than either used alone.
The increased efficiency results from mixing the hot
air and gases generated by the heaters directly  with
the air in the vineyard. The heater and wind-machine
combination is especially effective on nights when
there is a small inversion—Ilittle warm air above the
vineyard for the wind machine to pull down and no
ceiling to stop the rise of the warm air generated by
the heaters.

When to use frost protection—measuring tem-
perature. Temperatures should be monitored in the
colder areas found in low spots or where cold air flow
is blocked by brush and trees. At least three or four
temperature sensors should be located in each block
to be protected, or one for every 10 acres of vineyard.

The standard orchard minimum thermometer
accurately measures low temperatures when mounted
in a shelter. A simple shelter can be made with two
pieces of 1- x 8-inch wood, 18 inches long, fastened
in an L shape to form a top and back. Mount the shel-
ter 5 feet high on a stake, facing north and away from
heaters. Paint it with white enamel so it can be seen
more easily at night. Always shelter thermometers or
temperature sensing devices because they will not
accurately read air temperature if exposed to the sky.

Other available temperature monitoring devices
include electrical thermistor equipment. Such equip-
ment is accurate and can be equipped to be read from
remote locations, even by telephone.

Any temperature device should be checked for
accuracy before each frost season. Place thermometers
in a 10-gallon bucket or insulated jug of water and
melting ice that is stirred frequently. The water-ice
mixture will be 32°F. Errors of each temperature
measuring device can be noted or corrected.



Frost-protection systems
and their operation

In the north coast counties, vineyard sites on valley
floors are often rectangular, resulting in regular vine
spacing on relatively flat terrain. But vineyards may
vary considerably in size and shape when they border
streams or natural drainage channels or are flanked
by roads. Because of the wide range in form, there is
no “‘typical vineyard” on which to base the design of
a frost-protection system with either sprinklers or
wind machines and heaters.

we decided, therefore, to compare the costs of
frost protection systems on a 40-acre, square vine-
yard, and to make general evaluations and descriptions
of systems on 40-acre plots. Because the grower does
much of the labor, except for pruning and harvesting,
40 acres are considered an economic unit for grape
production in the north coast area. We recognize that
the design data may not be typical for many vineyard
situations, but the comparisons of data are applicable
to most other types of vineyards.

Permanent sprinklers. The sprinkler system de-
scribed here is a permanent, underground system with
risers fixed to stakes supporting the vines. (See table
3 for a description of essential parts.) The sprinkler
heads are placed on the risers, which are spaced in a
32- x 48-foot rectangular pattern. The pattern con-
veniently corresponds to a vine and row spacing of
8 x 12 feet with a sprinkler at every fourth vine in
every fourth row. Wider spacings are not recom-
mended because uniformity of water application is
not sufficient for complete protection. In fact, a 30-
x 40-foot spacing is sometimes recommended when
compatible with row and vine spacing.

The system uses asbestos-cement pipe for the
main and submain lines. Rigid plastic (polyvinyl chlo-
ride—P.V.C.) lateral lines and risers distribute the
water to the system's laterals. All the pipelines are
buried 18 inches or more below the soil surface so
they will not interfere with normal cultural practices.

Although underground sprinkler systems can be
installed after the vineyard is established, there are
distinct advantages to instailing them at planting time:
the vineyard block size can be coordinated with the
design of the main, submain, and lateral lines; vine
and sprinkler spacing can be coordinated; and the
trenching can be done with less restriction and with-
out damaging the vines’ root systems.

Our figures are based on contract rates for com-
mercial installation including trenching, laying, and
backfilling. Many growers do the work with vineyard
labor under the training and advice of the designer and
materials supplier, which may result in substantial
savings.

Water application rate. A precipitation rate of 0.11
to 0.13 acre-inches per hour has been established as
the amount needed under most frost conditions in
north coast vineyards. Vineyards have been protected
at this rate when temperatures dropped to as low as
25°F. All sprinklers are operated simultaneously, so
pumping capacity of at least 50 gallons per minute
(gpm) per acre is needed during the system’s entire
operating time to obtain the established precipitation
rate. In addition, sprinklers must rotate in one minute
or less to rewet vines frequently enough for protec-
tion. Sprinklers must also be properly spaced to uni-
formly cover the entire vineyard.

Sprinkler starting temperatures. When sprinklers
are first started a temperature drop often occurs, but
lasts only until they have made several revolutions
and the plants are well wetted. The temperature drop
is due to evaporation. If sprinklers are started too
late, the temperature drop can damage the crop. For-
tunately, during most California spring frosts humid-
ities are high, so little evaporation occurs and the
temperature drop is small. Most growers start when
temperatures drop to 33°For 34 °F.

On rare occasions, cold, dry air masses do move
into the state. During such times, sprinklers must be
started sooner so the initial temperature drop does
not reach temperatures damaging to the vines. Most
frost forecasts mention the dewpoint temperature of
the air. Dewpoint temperature remains relatively
constant during the day and is an indirect measure of
humidity. The chart below can be used as a guide for
starting overhead sprinklers in grapes to avoid damage
from an initial temperature drop. The dewpoint tem-
perature given at the 7:00 p.m. or later frost forecast
can be used. Start sprinklers a degree or two sooner
if the temperature is dropping fast and it takes more
than 5 to 10 minutes before sprinklers are running at

. full pressure. This table only applies when a frost is

predicted:
Dewpoint Starting temperature
temperature for sprinklers
24°F and above 34°F
20°-23°F 35°F
15°-19°F 36°F

Stopping sprinklers. Only after sunrise, if there is no
wind and the air temperature outside the treated area
has climbed to 32 °F, is it safe to end sprinkling. If it
is windy, wait until the air temperature has risen to
34°F. It is not necessary to wait until all ice has melted.

Reservoirs. Sources of water for irrigation also can
provide water for frost protection. However, many
vineyards in the north coast counties are not irrigated,
although an increasing number are being brought



under irrigation as water resources are developed.
Adequate supplies of underground water for irriga-
tion exist only in certain geographic areas. In other
areas, water is available from rivers (for those with
water rights), from supplies impounded by dams, or
from nearby creeks; but availability is usually restricted
to the early part of the growing season. When diverted
to reservoir storage, water from those sources can
provide frost protection in the spring, even though
the supply may not be adequate for seasonal irrigation.
Whatever the source of water, it would be prudent to
determine by laboratory analysis whether the chem-
ical quality of the water is satisfactory for vineyard use.
Because of the diversity of sources and the wide cost
range in obtaining water and conveying it to the vine-
yard reservoir site, this study does not consider the
investment in facilities needed to deliver water to the
reservoir.

Reservoir capacity. A water requirement of at least
2,000 gpm (50 gpm per acre x 40 acres) is needed to
simultaneously protect 40 acres of vines. With a smaller
continuous water supply, 400 gpm for example, the
construction of a reservoir is a necessity. The reser-
voir and well pump should have the capacity to pro-
tect for at least 10 hours—all night during a severe
frost or for a succession of frost nights. )

The reservoir capacity needed depends on the
amount of well (or river) water available during a
frost. For example, a well pump with a 400 gpm
capacity needs a reservoir with a 2.9 acre-foot* capac-
ity, while a 1,000 gpm well pump needs only a 1.8

*An acre-foot of water (the amount of water covering an acre one
foot deep) equals 325,851 gallons.

Fig.2. This movable wind machine is situated in avineyard avenue.

ment of return-stack heaters,

acre-foot reservoir to have sufficient water for a 10-
hour frost period.

A grower can expect to operate a2 sprinkler system
an estimated 42 hours during the frost period. That
estimate is based on field experience and on studies
of the numbers of cold nights (32°F or lower) re-
ported by the National Weather Service in its annual
reports for Napa, Sonoma, and Mendocino county
stations. The duration of usage may be somewhat
greater for sprinklers than for wind machines.

Therefore, if water is obtained from an impound-
ment with no well or river water available during the
frost period, the reservoir must hold enough water
for the estimated 42 hours of frost. Many growers
prefer an impoundment that holds enough water for
60 hours. An impoundment reservoir that holds 22
acre-feet has enough capacity to protect 40 acres for
60 hours.

Reservoir area. About % to % acre of land is required
for a 12-foot-deep reservoir holding 3 acre-feet. Gen-
erally, 8 to 12 feet is an optimum depth for this size
of reservoir, since the sloped sides would require
more land space if it were deeper. A 20-acre-foot res-
ervoir, 16 to 20 feet deep, with 2-to-1 side slopes,
requires a little over 2 acres of space. An 8-foot-deep,
20-acre-foot reservoir requires over 3 acres of land.

Wind machines and heaters. The orchard heaters
used in this study are the return-stack type. They radi-
ate heat to vines efficiently and, when properly oper-
ated, meet the requirements of most smog control
districts. Twenty to 25 heaters per acre, considered
a reasonable number for the north coast grape-growing
area, give up to 4° to 5°F protection when used with

%

the two similar machines in the background, and the place-



a wind machine. The heaters are evenly distributed
through the vineyard except along the edges, where a
greater concentration is needed. Heaters should not
be placed within 100 feet of the wind machine. A
wall of strongly rising hot air from heaters too close
to the machine will divert its air blast upward out of
the vineyard.

The costs of tower-mounted and ground-level
wind machines have been compared, based on delivery
of between 8 and 10 fan-hp per acre. Two dual, tower-
mounted wind machines give more economical cov-
erage than four single-engine tower mounts on a 40-
acre, square vineyard. The dual machine has two
engines and fans on a single tower (see fig. 3).

Wind machines are operated an estimated 30
hours per season during average frost years. Heater
use in conjunction with wind machines is figured on
the basis of all heaters burning the equivalent of 15
hours, although only a portion may be lighted at any
one time. As temperatures fall on a cold night, wind
machines are turned on and the temperatures are
carefully watched at thermometer stations. If tem-
peratures remain stable at 32 °F or above, heaters are

not lighted; if temperatures decline below 32 °F, heat
is added to the protection system.

Smoke nuisance. Every grower who uses heaters
should do more than simply abide by the regulations
of the Air Pollution Control District. To maintain good
relations with urban neighbors, growers should do
everything possible to hold smoke nuisance at the
absolute minimum.

Smokiness depends on:

e  burning rates—excessive burning rates produce
more smoke.

¢ soot accumulation—frequency of cleaning de-
pends on the type of heater and rate of burning.

*  air leakage—leakage increases soot accumulations
and smoke and makes it difficult to accurately
control burning rates.

e  wind-—stack-type heaters are more smoky in 2
breeze than during calm weather.

Fig. 3. Permanently installed, tower-mounted, dual-engine wind machine in a vineyard. Note second machine in the center
background.
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