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by G. Jorgensen, BM. Escalera, D.R. Wineman, R.K. Strlegler, D. Zoldoske and C. Krauter
I. OVERVIEW OF VINEYARD

FROST PROTECTION

Low temperature damage is a significant problem in
many grape-growing regions. Cold injury to grapevines
may result from the winter minimum temperature;
spring temperatures below -0.6°C (31®F), which may
damage developing buds; or fall temperatures below
-0.6®C (31®F), which may injure maturing canes and
berries. This section will focus on factors influencing the
incidence and severity of spring frost damage in Califor
nia vineyards.
Efforts to minimize damage from spring freeze
events can be divided into passive and active methods.
Passive methods involve site selection, variety selection,
and cultural practices, while active methods involve
modification of the vineyard climate. The effectiveness

of frost protection methodsis dependanton the charac
teristics of the freezing event.
Types of Freeze Events

The types of freezing events encountered in Califor
nia vineyards are radiation and advection freezes. These
types of freezing events differ greatly in their frequency

The rate of heat loss by radiation into space is partially
determined by the amount of moisture present in the
atmosphere. If the air is dry (low dew point) heat loss
will be greater than when the air is moist. During
radiation freezes, layers of cold air are formed with the
coldest air usually found near the radiatingsurface.
Normally, temperature decreases as heightin the atmo

sphere increases. Thus, this meteorological condition is
known as a temperature inversion(warm air layers over
cool air layers).
An advection freeze occurs when a large mass of
Arcticair invades and covers the region resulting in low

day and night temperatures. Conditions canbe clear or

cloudy with strong winds which continue into the night.
Due to the wind there is considerable mixing of the
lower layers of the atmosphere.

Almost allspring freeze events in California vine
yards are radiation freezes. Fortunately, a wide range
offrost protection methods can be employed against
radiation freezes. Advection freezes are relatively rare

and nonnally occur onlyduring the dormant season.
The December 1990freeze is an example of an advection
freeze. There is little that can be done to protect vine-

of occurrence and the meteorologicalconditions associ

ated with them. Widespread cooling occurs as a resultof

This publication was produced under

the advection (horizontal movement of an air mass over

the auspices of the

land) of cold air into a region or from loss of heat due to
radiation. An advection freeze occurs when cooling by
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advection predominates, and a radiation freeze occurs
when radiational heat loss is the predominant form of
cooling.

Radiation freezes occur mostly on clear,calm nights
after cold air has moved into the region. The primary

mechanism is loss of heat into space during the night.
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yards from damage during a severe advection freeze.

provide good air drainage. Cold air is more dense than

Therefore, the remainder of the article will deal with the

warm air and flows downhill in a similar manner as

protection methods for radiation freezes.

water. Vines growing in low areas where cold air accu
mulates are more likely to be damaged by frost. In
addition, sites which have impediments to cold air
drainage - such as raised road beds, buildings or vegeta
tion (forests, overgrown fence rows, etc.) - should be
avoided. Sides of hills facing toward the sun (SE or SW
slope) will be warmer than hillsides facing away from
the sun. In the spring, warm temperatures can result in
early bud development. Planting on a north slope
instead of a south slope may delay bud burst and reduce
the possibility of frost damage.
Another site characteristic which is important in
certain vineyard districts outside Califorriia is distance
from large bodies of water. Large bodies of water, such
as the Great Lakes, substantially moderate the climate of

Passive Protection Methods

Passive protection methods are used to avoid or
minimizespring freezedamage. Siteselection, variety
selection, and cultural practices comprise passive pro
tection methods. These methods can provide several
degrees of protection,but generallydo not offeras much
protection as active methods. However, 0.6-1.2®C (1-2°F)

of protection can often mean the difference between

having a cropand croploss. Also, passive protection
methods do not cause significant increases in establish
ment costs for most vineyards.
Passive protection methods can be divided into
those which are done prior to vineyard establishment
and those which are done after vineyard establishment.

Preplantingpractices are site and varietyselection while
postplanting frost protection efforts involve cultural

practices such as soil management, row middle manage
ment and pruning.
Site and variety selection are of great importance in
reducing spring frost damagein vineyards. Site charac
teristics which influence air temperature are slope,
exposureto the sun or aspect, and elevation. Sloping
ground and elevation are importantbecause they
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land areas on the leeward side of these bodies of water.

The modifying effect is sometimes one of cooling the air
while at other times it is one of warming the air, depend
ing on the season and the prevailing weather conditions.
In early spring warm air moving over the lakes is cooled,
which can delay bud burst beyond the period of time
when frost damage is most likely. Later, after bud
development has begun, cold air masses moving into
the area are warmed by the lakes and late spring freeze
damage is avoided. The beneficial effects of large bodies
of water are greatest for sites which are as close to the
leeward side of the body of water as possible. As dis
tance increases, temperature modification due to large
bodies of water decreases.
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Variety selection can influence the incidence and
severity of spring frost damage. Differencesin frost
susceptibility among varieties are often related to bud

phenology. In general, as bud developmentproceedsin
the spring, the critical temperature (temperature at
which buds will endure for 30 minutes or less without
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Varietal differences in frost tolerance may alsobe
related to factors other thanbud phenology. Johnson and
Howell (1981) detected small but consistent differences
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has not caused increased risk of frost damage. Further
more, the risk of frost damage with higher cover crops

in cold resistance of buds from three varieties at the same

stage of development.
After the vineyard has been established, other
passive protection methods can be used to reduce the

needs to be re-evaluated in different viticultural districts

due to the positive benefits that have been documented
from cover crop use.
Pruning practices can be effective in reducing frost

chance of frost damage. Some examples are soil manage
ment, row middle management, and pruning.
Soiland row management can influencethe mini
mum temperature in vineyards. The minimum tempera
ture is affected by soil texture and soil water content. In
general, peat and sandy soils do not store or conduct
heat as well as loam or clay soils. Also,darker colored
soils may absorb more solar radiation and store more
heat than lightercoloredsoils. Consequently, if all other

hazard, particularlyon sites which are frost prone. The
most obvious pruning practice to avoid frost damage is
delayed pruning or late pruning. This is an effective
strategy for small acreages, varieties with early bud burst,
or as mentioned above, sites which frequently have frost.
Delayed pruning is not the answer when the grower has
a large acreage which must be pruned, unless mechanical
pruning is used. Another practice which can be imple
mented is long-cane pruning. Buds on a cane begin to
develop at the apex of the cane. This can be used to pro
vide protection for buds at the base of the canes which
are retained for fruiting during standard pruning. Vines
are pruned to retain long canes and then, after the frost
period has passed, canes are cut back to the proper
length. Long cane pruning is effectivefor frost protection,
but would not be cost effective for most vineyards in
California due to the trellis systems used and additional
labor requirements.

factors are the same, sandy soil wouldposea greater
hazard of frost damage than clay or loam soil. However,
soiltexture effects are probably not tooimportant during
most freeze events.Other factors usually have a greater
impact than soil texture.

Soil conductivity and heat storageare alsoaffected
by the soil texture and soil-water content. This is due to
the unique properties of water which allow it to store
considerable heat. In addition, moist soil will conduct

heat better than dry soil. Frost hazard is lower for moist
soil as compared to dry soil. Growers with furrow

irrigation can providesome protection for theirvines by
applying water before predicted freeze events. There
would be no benefit from this action if the soil is already
moist. Hooding the vineyard berm to berm is better than
using furrows and the irrigation does not have to be
deep, only the top foot of soil needs to be moist.
Row middle management can have an important
impacton the susceptibility of vines to spring freeze
damage. Until recently,recommendationsfor row
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Figure 1. Frost Event of April 28,1993,
Cat Canyon Vineyards, Los Alamos, California

Figure 2. Frost Event of May 14,1993,

Cat Canyon Vineyards, Los Alamos, California
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problematic. The cost of fuel and labor to operate
heaters can be high; there is a danger of hazardous
materials clean-up if fuel is spilled; and, depending on
the type of fuel used, air pollution may be a concern.
Local and county regulations should be consulted
before heaters are purchased. For these reasons, heaters
are primarily used only in combination with wind
.machines and only on sites without adequate water for
sprinkler frost protection. In addition, if the site rarely
has temperatures below -1.7°C (29®F) the use of wind
machines alone is justified.
Use of sprinklers can protect vines when tempera
ture fall to -3.9°C (25®F) if conditions are ideal. Water

0100

0900
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1

from the sprinklers supplies heat to the vine-wateratmosphere system. The heat is released as water cools
to 0®C (32®F) and then freezes to ice. The most important
factor in this situation is the heat of fusion (released as

Figure 3. Frost Event of April 11,1994,
Cat Canyon Vineyards, Los Alamos, California

Figure 4. Frost Event of April 28,1994,
Cat Canyon Vineyards, Los Alamos, California
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Continuing studies will include a series of tests under
controlled freezing conditions in a cold chamber.
III. SUMMARY

Sprinklers have been used successfully for many
years as an active frost protection method in vineyards.
With increasing population and environmental pres
sures, along with unfavorable climatic conditions, water
supplies for frost protection are becoming more costly to
use. Previous studies have evaluated the use of micro-

sprayers and/or microsprinklers for frost protection in
other crops, such as trees (Davies, et al., 1988;Evans,
1991;Parsons, 1991;Rieger and Myers, 1990;von
Bernuth and Baird, 1989).

The purpose of this study was to determine if
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microsprayer technology could be improved upon and
proven for use as a frost protection alternative in
vineyards. As a result, researchers and a microsprayer
manufacturer cooperated to develop a targeted micro
sprayer technology that was used as an active spring
frost protection method in a commercialvineyard. The
targeted microsprayers weredesigned specifically for
vineyard applications and were evaluated under
laboratory and field conditions.
Targetedmicrosprayerswere compared to conven
tional sprinklersin a commercial vineyard during the
springs of 1993 and 1994. Data collected and presented
here indicate that targeted microsprayersprovided frost
protection similarly to conventional sprinklers, but with
80 percent less water used.

evaporates. This, along with a buffer for the humidity of
the air and wind speed (factors which can increase the
evaporation rate) is the basis for the sprinkler applica
tion rate used in the design of systems. The recom
mended application rate is 6.9 to 8.2 millimeters (0.11 to
0.13 inches) per hour or a pumping capacity of 470liters
per minute per hectare (50 gallons per minute per acre).
Design of the sprinkler frost protection system is
critical. A qualified expert should be consulted to design
your system. It may also be appropriate to check
references provided by the engineer or specialist that
you are considering.
All active methods of frost protection must begin
before the critical temperature is reached. This is parti
cularly important for sprinkler frost protection. When
sprinklers are first started an initial temperature drop
often occurs due to evaporation. This temperature drop
can injure vines if the sprinklers are started too late.
Low dew point can further exacerbate this problem.
To avoid damage under these conditions, sprinklers
should be started at 1.1®C (34®F) if the dew point is
-4.4°C (24®F) or above; 1.7°C (35°F) if the dew point is
-6.7to -5.0°C (20-23®F); or 2.2°C (36°F) if the dew point
is -9.4 to -7.2°C (15-19®F). This recommendation should

only be followed when a frost is predicted. Sprinklers
may be turned off when the air temperature has risen to
1.rC(34°F).
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Vine Recovery from Frost Damage
If protective measures fail and the critical tempera

ture is reached, injury will occur. The grower faced with
this situation must manage his vineyard to maximize
yield for the current season and vegetative growth so
that yield is unaffected in the following season. Freeze

injury usually does not result in complete crop loss.The
grapevine node has three growing points or buds (the
primary, secondary, and tertiary buds). Primary buds
usually develop first and have the greatest crop poten
tial. Due to their early development, primary buds are
also more susceptible to frost damage than are secondary
and tertiary buds. Certain varieties, such as Thompson
Seedless or Concord bear almost their entire crop from

primary buds. Other varieties will bear a partial crop
from secondary, tertiary, and latent buds. For some wine
grape varieties, the amount of crop from growing points
other than the primary bud can be significant.
Proebsting and Brummund (1978) evaluated the
responseof Concordgrapevines to spring freezing
injury. All shoots were lost on frozen vines (complete
primary bud kill), whilecontrol vines(protected by
sprinklers) displayed no shoot injury. Freeze injury
delayed bloom which appeared to be beneficial since
conditions were generally unfavorable during the
normal bloom period. As a result, vines which were
injured had moreberries/cluster than non-injured vines.
Frostdamage reduced yields significantly, and the
reduction was due to a reduction in the number of

clusters per vine. Berries from injured vineswere less
mature than berries from non-injured vines.

Removal of injured shoots was investigated by
Kasimatis and Kissler (1974) to find a method of increas

ing the yield of vines exposed to frost. Treatments
consisted of removal of all primary shoots, removalof
frost-damaged shoots only, and control. None of the
shoot removal treatments significantly improved yield.
Shoot removal had little effect on fruit maturation. For

most situations, it appears that removal of frozen shoots
would not be beneficial.

Growers should also evaluate their cultural practices

following a spring freeze event which injures vines. If
crop loss is severe, pest and disease control measures
may be reduced somewhat without influencing the crop
potential for the following season. Other cultural prac
tices, such as cultivation, irrigation, etc., should be done
in a normal manner to allow for good vegetative growth.
Summary
Frost protection is an important element of commer

cial viticulture. Nearly all vineyard regions of the world
are subject to spring frost damage. Avoidance of frost
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damage can be achieved through use of passive or active

1 m (3.3 ft) by the length of the vine row.

methods. Passive methods, such as site selection, variety

Since typical vine rowspacing is around 3.7 m (12 ft),
frost protection would beprovided on 25 to 30 percent
of thevineyard area. This has thenet effect of reducing
the total waterrequirement for the frost protection
system by thesame rate. Thus, if this approach provides
thesamelevel of frost protection, waterapplication rates
perhectare can bereduced from 470 1/min (50 gpm), to
1501/min (16 gpm). This holds the potential for signifi

selection, and cultural practices are less costly than

active methods but may only provide a few degreesof
protection. On the other hand, active methods (vy^ind
machines, heaters, wind machine/heater combinations

or sprinklers) are more expensive but can provide 2.83.3°C (5-6®F) of protection under ideal conditions. A
combination of passiveand active methods will likely
produce the most effective frost protection program.

Reduction in water use or increased water use effi

ciencyare important concerns for wine grape growers.
However, conservation of water must not reduce pro

ductivity, wine quality, or increase production costs.
The application of water directly to the crop, eliminating
urmecessary watering between the crop rows is known
as targetedfrost protection. Targeted systemshave been
used in tree fruit and citrus orchards to provide frost
protectionwhile reducing the amount of water used.
Potential benefits of a targeted system, such as microsprayers or microsprinklers, for frost protection in
vineyardsinclude reduced water use; reduced need for
reservoir capacity;lower equipment costs for installation
(smaller pumps and pipe); and less energy use.
A. EQUIPMENT DEVELOPMENT AND SELECTION

Targeted frostprotection for orchards was pioneered
in part by the New Zealand Agricultural Engineering

vine row (at cordon height). Environmental conditions
monitored outside the vineyard were air temperature,
wind speed and direction, and relative humidity.

produced a droplet spectrum with a high incidence of
fine drops. Since the destination of these drops cannot be
predicted in light winds, it wasdetermined thatconven
tional product design would not work underfield
conditions. Analternative productdesignwas sought
The ideal product would produce large droplet sizes,
while operating at extremely lowflow rates. A new

block. Thesprinkler block included a typical design and
installationfor commercial coastal vineyards.Sprinkler
spacing was 15.6 m by 12.8 m (50.0 ft by 42.0 ft), using a

product that met this criteria wasidentified. It was the

conventional impact type head and a 2.78 mm (7/64 in)

Pulsator^"^ microsprayer, which is manufactured by
NIBCO Irrigation Systems. As given in its name, this

nozzle.The water source for both systems was an
above-ground reservoirfilled by pumping groundwater. Water was passed through a perforated tube
filter for the sprinklers and a sand-media filter for the
microsprayersystem.Water use was measured by a
Rockwell sealed register meter.
Data collected for the microsprayerand sprinkler

cant water and energy savings.

of around 11.51/hr (3 gph). Initial laboratory testing at

these flow ratesand a pressure of 207 kPa (30 psi)

product delivers water in pulses. The design hasa small
accumulator which delivers water in short bursts or

pulses. This allows for a microsprayer todeliver water at
an instantaneous rate of 211/h (5.5 gph) or so. The net

delivery rate, though, is around 11.51/h (3 gph) due to
thepulsing feature. The advantages of this technique are
itslarger average droplet sizeand increased wetted
radiusat comparable flow rates of conventional
microsprayers.

frost protection on peach and nectarine trees.
The microsprinklers used in the New Zealand study
were installed 5 m (16 ft) apart, producing a wetted
diameter of 3.5 m (11.5 ft) and an application rate of 4
mm/hr. The wetted pattern from these microsprinklers
is circular. In order to best use targeted frost protection
on a vineyard,the Center forIrrigationTechnology (CIT)

in thewetted pattern. Computer modeling using CIT's
Sprinkler Placement andCoverage Evaluation (SPACE)
program was utilized toselect the design which proved
most advantageous. Aprototype was recommended for

determined an emission device would have to produce a

The purpose of this trial was to investigate theuse
ofmicrosprayers for frost protection in a commercial

A preliminary investigation suggested the micro
sprayer needed to protect vines should produce a
pattern approximately 1 m by 3.7m (3.3 ft by 12 ft). This
is based partially on the typical vine spacing of approxi
mately 2 m (7 ft).Thus a microsprayer could be placed
on every other vine to provide a continuous wetted strip

The experimental site was a Chardonnay vineyard

at 0.46 m (18 in) from the cordon and the middle of the

Technicians with CIT worked with product engi
neers at NIBCO to evaluate and recommend changes

lar pattern.

blocks were bud temperature, air temperature, and
relative humidity. Air temperature was also recorded

Materials and Methods

located near Los Alamos, California. Plots were estab

Institute (1986). Tests were carried out in Central Otago,
New Zealand to evaluate the effectiveness of targeted

wetted strip. Thiseliminated microsprinklers becauseof
their inherent circular pattern. The search was begun for
a microsprayer (fixed pattern) that produced a rectangu
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lished during early March 1993 and data were collected
from March 11,1993 through May 20,1993and March
14,1994 through May 23,1994.
The microsprayer (Pulsator^"*^) being evaluated uses
a pulsing action that produces larger diameter droplet
sizes while maintaining lower application rates as
compared to those found with conventional micro
sprayer design. This microsprayer produces a narrow
band of water (approximately 0.6m [24 in] wide)
directed over the cordon of the vine. Microsprayers
were installed in every vine row and mounted 0.56m
(22 in) above the cordon on every other stake, approxi
mately 3.6 m (10.5 ft) apart. A two-hectare (5 ac) block of
microsprayers was compared to an adjacent sprinkler

A hydraulic review suggested a targeted flow rate
II. EVALUATION OF MICROSPRAYERS
FOR FROST PROTECTION

Microsprayer Frost Protection

Environmental data were collected with Omnidata data

loggers using a series of thermocouples for bud tem
peratures (attached at bud locations) and Physchem RH
sensors for air temperature and relative humidity. A
data logger and associated sensors were located within
the microsprayer and sprinkler blocks and outside the
vineyard.
Results and Discussion

Data collected during selected spring freezing

events in 1993 and 1994 are present^ in Table 1and
Figures 1-4.Due to the low number of spring freezing
events in 1993 and 1994, data collection was limited at

the selected vineyard sites. During the spring freezing
events which were observed, microsprayers provided
a level of frost protection which was similar to that
provided by sprinklers. Also, the use of microsprayers
resulted in a savings in water use of approximately 80
percent during selected freezing events.
The data presented are preliminary and further
research is needed before general recommendations on
microsprayer use for frost protection can be given.

Table 1. Selected characteristics of frost protection events
In 1993 and 1994. Cat Canyon Vineyard. Los Alamos, California.
Water Use^

Number of frost
Season

protection events'

1993

4

field testing.

Frost protection
events below 0°C (32°F)
April 28
May 12
May 13
May 14

Sprinkler

The objectives were as follows:

Microsprayer

1994

2

April 11
April 28

Sprinkler

consumptive than current practices.

103

495

(53)
Microsprayer

103

(11)

vineyards was feasible, and;
2) To determine if this method was less water

495

(11)

1) To determine if an alternative method of frost

protection (targeted microsprayer system) in

(gai/min/acre)

(53)

B. FIELD STUDY

vineyard.

l/min/hectare

^During the 1987-1992 period, this vineyard location experienced more than seven spring freeze events per season,
yData collected on last frost protection event of each season only.

CATl Publication No. 960803

Microsprayer Frost Protection

damage can be achieved through use of passive or active

1 m (3.3 ft) by the length of the vine row.

methods. Passive methods, such as site selection, variety

Since typical vine rowspacing is around 3.7 m (12 ft),
frost protection would beprovided on 25 to 30 percent
of thevineyard area. This has thenet effect of reducing
the total waterrequirement for the frost protection
system by thesame rate. Thus, if this approach provides
thesamelevel of frost protection, waterapplication rates
perhectare can bereduced from 470 1/min (50 gpm), to
1501/min (16 gpm). This holds the potential for signifi

selection, and cultural practices are less costly than

active methods but may only provide a few degreesof
protection. On the other hand, active methods (vy^ind
machines, heaters, wind machine/heater combinations

or sprinklers) are more expensive but can provide 2.83.3°C (5-6®F) of protection under ideal conditions. A
combination of passiveand active methods will likely
produce the most effective frost protection program.

Reduction in water use or increased water use effi

ciencyare important concerns for wine grape growers.
However, conservation of water must not reduce pro

ductivity, wine quality, or increase production costs.
The application of water directly to the crop, eliminating
urmecessary watering between the crop rows is known
as targetedfrost protection. Targeted systemshave been
used in tree fruit and citrus orchards to provide frost
protectionwhile reducing the amount of water used.
Potential benefits of a targeted system, such as microsprayers or microsprinklers, for frost protection in
vineyardsinclude reduced water use; reduced need for
reservoir capacity;lower equipment costs for installation
(smaller pumps and pipe); and less energy use.
A. EQUIPMENT DEVELOPMENT AND SELECTION

Targeted frostprotection for orchards was pioneered
in part by the New Zealand Agricultural Engineering

vine row (at cordon height). Environmental conditions
monitored outside the vineyard were air temperature,
wind speed and direction, and relative humidity.

produced a droplet spectrum with a high incidence of
fine drops. Since the destination of these drops cannot be
predicted in light winds, it wasdetermined thatconven
tional product design would not work underfield
conditions. Analternative productdesignwas sought
The ideal product would produce large droplet sizes,
while operating at extremely lowflow rates. A new

block. Thesprinkler block included a typical design and
installationfor commercial coastal vineyards.Sprinkler
spacing was 15.6 m by 12.8 m (50.0 ft by 42.0 ft), using a

product that met this criteria wasidentified. It was the

conventional impact type head and a 2.78 mm (7/64 in)

Pulsator^"^ microsprayer, which is manufactured by
NIBCO Irrigation Systems. As given in its name, this

nozzle.The water source for both systems was an
above-ground reservoirfilled by pumping groundwater. Water was passed through a perforated tube
filter for the sprinklers and a sand-media filter for the
microsprayersystem.Water use was measured by a
Rockwell sealed register meter.
Data collected for the microsprayerand sprinkler

cant water and energy savings.

of around 11.51/hr (3 gph). Initial laboratory testing at

these flow ratesand a pressure of 207 kPa (30 psi)

product delivers water in pulses. The design hasa small
accumulator which delivers water in short bursts or

pulses. This allows for a microsprayer todeliver water at
an instantaneous rate of 211/h (5.5 gph) or so. The net

delivery rate, though, is around 11.51/h (3 gph) due to
thepulsing feature. The advantages of this technique are
itslarger average droplet sizeand increased wetted
radiusat comparable flow rates of conventional
microsprayers.

frost protection on peach and nectarine trees.
The microsprinklers used in the New Zealand study
were installed 5 m (16 ft) apart, producing a wetted
diameter of 3.5 m (11.5 ft) and an application rate of 4
mm/hr. The wetted pattern from these microsprinklers
is circular. In order to best use targeted frost protection
on a vineyard,the Center forIrrigationTechnology (CIT)

in thewetted pattern. Computer modeling using CIT's
Sprinkler Placement andCoverage Evaluation (SPACE)
program was utilized toselect the design which proved
most advantageous. Aprototype was recommended for

determined an emission device would have to produce a

The purpose of this trial was to investigate theuse
ofmicrosprayers for frost protection in a commercial

A preliminary investigation suggested the micro
sprayer needed to protect vines should produce a
pattern approximately 1 m by 3.7m (3.3 ft by 12 ft). This
is based partially on the typical vine spacing of approxi
mately 2 m (7 ft).Thus a microsprayer could be placed
on every other vine to provide a continuous wetted strip

The experimental site was a Chardonnay vineyard

at 0.46 m (18 in) from the cordon and the middle of the

Technicians with CIT worked with product engi
neers at NIBCO to evaluate and recommend changes

lar pattern.

blocks were bud temperature, air temperature, and
relative humidity. Air temperature was also recorded

Materials and Methods

located near Los Alamos, California. Plots were estab

Institute (1986). Tests were carried out in Central Otago,
New Zealand to evaluate the effectiveness of targeted

wetted strip. Thiseliminated microsprinklers becauseof
their inherent circular pattern. The search was begun for
a microsprayer (fixed pattern) that produced a rectangu
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lished during early March 1993 and data were collected
from March 11,1993 through May 20,1993and March
14,1994 through May 23,1994.
The microsprayer (Pulsator^"*^) being evaluated uses
a pulsing action that produces larger diameter droplet
sizes while maintaining lower application rates as
compared to those found with conventional micro
sprayer design. This microsprayer produces a narrow
band of water (approximately 0.6m [24 in] wide)
directed over the cordon of the vine. Microsprayers
were installed in every vine row and mounted 0.56m
(22 in) above the cordon on every other stake, approxi
mately 3.6 m (10.5 ft) apart. A two-hectare (5 ac) block of
microsprayers was compared to an adjacent sprinkler

A hydraulic review suggested a targeted flow rate
II. EVALUATION OF MICROSPRAYERS
FOR FROST PROTECTION

Microsprayer Frost Protection

Environmental data were collected with Omnidata data

loggers using a series of thermocouples for bud tem
peratures (attached at bud locations) and Physchem RH
sensors for air temperature and relative humidity. A
data logger and associated sensors were located within
the microsprayer and sprinkler blocks and outside the
vineyard.
Results and Discussion

Data collected during selected spring freezing

events in 1993 and 1994 are present^ in Table 1and
Figures 1-4.Due to the low number of spring freezing
events in 1993 and 1994, data collection was limited at

the selected vineyard sites. During the spring freezing
events which were observed, microsprayers provided
a level of frost protection which was similar to that
provided by sprinklers. Also, the use of microsprayers
resulted in a savings in water use of approximately 80
percent during selected freezing events.
The data presented are preliminary and further
research is needed before general recommendations on
microsprayer use for frost protection can be given.

Table 1. Selected characteristics of frost protection events
In 1993 and 1994. Cat Canyon Vineyard. Los Alamos, California.
Water Use^

Number of frost
Season

protection events'

1993

4

field testing.

Frost protection
events below 0°C (32°F)
April 28
May 12
May 13
May 14

Sprinkler

The objectives were as follows:

Microsprayer

1994

2

April 11
April 28

Sprinkler

consumptive than current practices.

103

495

(53)
Microsprayer

103

(11)

vineyards was feasible, and;
2) To determine if this method was less water

495

(11)

1) To determine if an alternative method of frost

protection (targeted microsprayer system) in

(gai/min/acre)

(53)

B. FIELD STUDY

vineyard.

l/min/hectare

^During the 1987-1992 period, this vineyard location experienced more than seven spring freeze events per season,
yData collected on last frost protection event of each season only.
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Figure 1. Frost Event of April 28,1993,
Cat Canyon Vineyards, Los Alamos, California

Figure 2. Frost Event of May 14,1993,

Cat Canyon Vineyards, Los Alamos, California
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problematic. The cost of fuel and labor to operate
heaters can be high; there is a danger of hazardous
materials clean-up if fuel is spilled; and, depending on
the type of fuel used, air pollution may be a concern.
Local and county regulations should be consulted
before heaters are purchased. For these reasons, heaters
are primarily used only in combination with wind
.machines and only on sites without adequate water for
sprinkler frost protection. In addition, if the site rarely
has temperatures below -1.7°C (29®F) the use of wind
machines alone is justified.
Use of sprinklers can protect vines when tempera
ture fall to -3.9°C (25®F) if conditions are ideal. Water

0100
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Microsprayer Frost Protection

I
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SPRINKLER

1

from the sprinklers supplies heat to the vine-wateratmosphere system. The heat is released as water cools
to 0®C (32®F) and then freezes to ice. The most important
factor in this situation is the heat of fusion (released as

Figure 3. Frost Event of April 11,1994,
Cat Canyon Vineyards, Los Alamos, California

Figure 4. Frost Event of April 28,1994,
Cat Canyon Vineyards, Los Alamos, California
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Continuing studies will include a series of tests under
controlled freezing conditions in a cold chamber.
III. SUMMARY

Sprinklers have been used successfully for many
years as an active frost protection method in vineyards.
With increasing population and environmental pres
sures, along with unfavorable climatic conditions, water
supplies for frost protection are becoming more costly to
use. Previous studies have evaluated the use of micro-

sprayers and/or microsprinklers for frost protection in
other crops, such as trees (Davies, et al., 1988;Evans,
1991;Parsons, 1991;Rieger and Myers, 1990;von
Bernuth and Baird, 1989).

The purpose of this study was to determine if
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microsprayer technology could be improved upon and
proven for use as a frost protection alternative in
vineyards. As a result, researchers and a microsprayer
manufacturer cooperated to develop a targeted micro
sprayer technology that was used as an active spring
frost protection method in a commercialvineyard. The
targeted microsprayers weredesigned specifically for
vineyard applications and were evaluated under
laboratory and field conditions.
Targetedmicrosprayerswere compared to conven
tional sprinklersin a commercial vineyard during the
springs of 1993 and 1994. Data collected and presented
here indicate that targeted microsprayersprovided frost
protection similarly to conventional sprinklers, but with
80 percent less water used.

evaporates. This, along with a buffer for the humidity of
the air and wind speed (factors which can increase the
evaporation rate) is the basis for the sprinkler applica
tion rate used in the design of systems. The recom
mended application rate is 6.9 to 8.2 millimeters (0.11 to
0.13 inches) per hour or a pumping capacity of 470liters
per minute per hectare (50 gallons per minute per acre).
Design of the sprinkler frost protection system is
critical. A qualified expert should be consulted to design
your system. It may also be appropriate to check
references provided by the engineer or specialist that
you are considering.
All active methods of frost protection must begin
before the critical temperature is reached. This is parti
cularly important for sprinkler frost protection. When
sprinklers are first started an initial temperature drop
often occurs due to evaporation. This temperature drop
can injure vines if the sprinklers are started too late.
Low dew point can further exacerbate this problem.
To avoid damage under these conditions, sprinklers
should be started at 1.1®C (34®F) if the dew point is
-4.4°C (24®F) or above; 1.7°C (35°F) if the dew point is
-6.7to -5.0°C (20-23®F); or 2.2°C (36°F) if the dew point
is -9.4 to -7.2°C (15-19®F). This recommendation should

only be followed when a frost is predicted. Sprinklers
may be turned off when the air temperature has risen to
1.rC(34°F).
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Vine Recovery from Frost Damage
If protective measures fail and the critical tempera

ture is reached, injury will occur. The grower faced with
this situation must manage his vineyard to maximize
yield for the current season and vegetative growth so
that yield is unaffected in the following season. Freeze

injury usually does not result in complete crop loss.The
grapevine node has three growing points or buds (the
primary, secondary, and tertiary buds). Primary buds
usually develop first and have the greatest crop poten
tial. Due to their early development, primary buds are
also more susceptible to frost damage than are secondary
and tertiary buds. Certain varieties, such as Thompson
Seedless or Concord bear almost their entire crop from

primary buds. Other varieties will bear a partial crop
from secondary, tertiary, and latent buds. For some wine
grape varieties, the amount of crop from growing points
other than the primary bud can be significant.
Proebsting and Brummund (1978) evaluated the
responseof Concordgrapevines to spring freezing
injury. All shoots were lost on frozen vines (complete
primary bud kill), whilecontrol vines(protected by
sprinklers) displayed no shoot injury. Freeze injury
delayed bloom which appeared to be beneficial since
conditions were generally unfavorable during the
normal bloom period. As a result, vines which were
injured had moreberries/cluster than non-injured vines.
Frostdamage reduced yields significantly, and the
reduction was due to a reduction in the number of

clusters per vine. Berries from injured vineswere less
mature than berries from non-injured vines.

Removal of injured shoots was investigated by
Kasimatis and Kissler (1974) to find a method of increas

ing the yield of vines exposed to frost. Treatments
consisted of removal of all primary shoots, removalof
frost-damaged shoots only, and control. None of the
shoot removal treatments significantly improved yield.
Shoot removal had little effect on fruit maturation. For

most situations, it appears that removal of frozen shoots
would not be beneficial.

Growers should also evaluate their cultural practices

following a spring freeze event which injures vines. If
crop loss is severe, pest and disease control measures
may be reduced somewhat without influencing the crop
potential for the following season. Other cultural prac
tices, such as cultivation, irrigation, etc., should be done
in a normal manner to allow for good vegetative growth.
Summary
Frost protection is an important element of commer

cial viticulture. Nearly all vineyard regions of the world
are subject to spring frost damage. Avoidance of frost
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has not caused increased risk of frost damage. Further
more, the risk of frost damage with higher cover crops

in cold resistance of buds from three varieties at the same

stage of development.
After the vineyard has been established, other
passive protection methods can be used to reduce the

needs to be re-evaluated in different viticultural districts

due to the positive benefits that have been documented
from cover crop use.
Pruning practices can be effective in reducing frost

chance of frost damage. Some examples are soil manage
ment, row middle management, and pruning.
Soiland row management can influencethe mini
mum temperature in vineyards. The minimum tempera
ture is affected by soil texture and soil water content. In
general, peat and sandy soils do not store or conduct
heat as well as loam or clay soils. Also,darker colored
soils may absorb more solar radiation and store more
heat than lightercoloredsoils. Consequently, if all other

hazard, particularlyon sites which are frost prone. The
most obvious pruning practice to avoid frost damage is
delayed pruning or late pruning. This is an effective
strategy for small acreages, varieties with early bud burst,
or as mentioned above, sites which frequently have frost.
Delayed pruning is not the answer when the grower has
a large acreage which must be pruned, unless mechanical
pruning is used. Another practice which can be imple
mented is long-cane pruning. Buds on a cane begin to
develop at the apex of the cane. This can be used to pro
vide protection for buds at the base of the canes which
are retained for fruiting during standard pruning. Vines
are pruned to retain long canes and then, after the frost
period has passed, canes are cut back to the proper
length. Long cane pruning is effectivefor frost protection,
but would not be cost effective for most vineyards in
California due to the trellis systems used and additional
labor requirements.

factors are the same, sandy soil wouldposea greater
hazard of frost damage than clay or loam soil. However,
soiltexture effects are probably not tooimportant during
most freeze events.Other factors usually have a greater
impact than soil texture.

Soil conductivity and heat storageare alsoaffected
by the soil texture and soil-water content. This is due to
the unique properties of water which allow it to store
considerable heat. In addition, moist soil will conduct

heat better than dry soil. Frost hazard is lower for moist
soil as compared to dry soil. Growers with furrow

irrigation can providesome protection for theirvines by
applying water before predicted freeze events. There
would be no benefit from this action if the soil is already
moist. Hooding the vineyard berm to berm is better than
using furrows and the irrigation does not have to be
deep, only the top foot of soil needs to be moist.
Row middle management can have an important
impacton the susceptibility of vines to spring freeze
damage. Until recently,recommendationsfor row
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yards from damage during a severe advection freeze.

provide good air drainage. Cold air is more dense than

Therefore, the remainder of the article will deal with the

warm air and flows downhill in a similar manner as

protection methods for radiation freezes.

water. Vines growing in low areas where cold air accu
mulates are more likely to be damaged by frost. In
addition, sites which have impediments to cold air
drainage - such as raised road beds, buildings or vegeta
tion (forests, overgrown fence rows, etc.) - should be
avoided. Sides of hills facing toward the sun (SE or SW
slope) will be warmer than hillsides facing away from
the sun. In the spring, warm temperatures can result in
early bud development. Planting on a north slope
instead of a south slope may delay bud burst and reduce
the possibility of frost damage.
Another site characteristic which is important in
certain vineyard districts outside Califorriia is distance
from large bodies of water. Large bodies of water, such
as the Great Lakes, substantially moderate the climate of

Passive Protection Methods

Passive protection methods are used to avoid or
minimizespring freezedamage. Siteselection, variety
selection, and cultural practices comprise passive pro
tection methods. These methods can provide several
degrees of protection,but generallydo not offeras much
protection as active methods. However, 0.6-1.2®C (1-2°F)

of protection can often mean the difference between

having a cropand croploss. Also, passive protection
methods do not cause significant increases in establish
ment costs for most vineyards.
Passive protection methods can be divided into
those which are done prior to vineyard establishment
and those which are done after vineyard establishment.

Preplantingpractices are site and varietyselection while
postplanting frost protection efforts involve cultural

practices such as soil management, row middle manage
ment and pruning.
Site and variety selection are of great importance in
reducing spring frost damagein vineyards. Site charac
teristics which influence air temperature are slope,
exposureto the sun or aspect, and elevation. Sloping
ground and elevation are importantbecause they
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I. OVERVIEW OF VINEYARD

FROST PROTECTION

Low temperature damage is a significant problem in
many grape-growing regions. Cold injury to grapevines
may result from the winter minimum temperature;
spring temperatures below -0.6°C (31®F), which may
damage developing buds; or fall temperatures below
-0.6®C (31®F), which may injure maturing canes and
berries. This section will focus on factors influencing the
incidence and severity of spring frost damage in Califor
nia vineyards.
Efforts to minimize damage from spring freeze
events can be divided into passive and active methods.
Passive methods involve site selection, variety selection,
and cultural practices, while active methods involve
modification of the vineyard climate. The effectiveness

of frost protection methodsis dependanton the charac
teristics of the freezing event.
Types of Freeze Events

The types of freezing events encountered in Califor
nia vineyards are radiation and advection freezes. These
types of freezing events differ greatly in their frequency

The rate of heat loss by radiation into space is partially
determined by the amount of moisture present in the
atmosphere. If the air is dry (low dew point) heat loss
will be greater than when the air is moist. During
radiation freezes, layers of cold air are formed with the
coldest air usually found near the radiatingsurface.
Normally, temperature decreases as heightin the atmo

sphere increases. Thus, this meteorological condition is
known as a temperature inversion(warm air layers over
cool air layers).
An advection freeze occurs when a large mass of
Arcticair invades and covers the region resulting in low

day and night temperatures. Conditions canbe clear or

cloudy with strong winds which continue into the night.
Due to the wind there is considerable mixing of the
lower layers of the atmosphere.

Almost allspring freeze events in California vine
yards are radiation freezes. Fortunately, a wide range
offrost protection methods can be employed against
radiation freezes. Advection freezes are relatively rare

and nonnally occur onlyduring the dormant season.
The December 1990freeze is an example of an advection
freeze. There is little that can be done to protect vine-

of occurrence and the meteorologicalconditions associ

ated with them. Widespread cooling occurs as a resultof

This publication was produced under

the advection (horizontal movement of an air mass over

the auspices of the

land) of cold air into a region or from loss of heat due to
radiation. An advection freeze occurs when cooling by

CALIFORNIA AGRICULTURAL
TtCHNOlDCY INSTITUTE

advection predominates, and a radiation freeze occurs
when radiational heat loss is the predominant form of
cooling.

Radiation freezes occur mostly on clear,calm nights
after cold air has moved into the region. The primary

mechanism is loss of heat into space during the night.

CATI Publication #960803

|His§e.nninMip^
|p|;:;GATi:.q^e^
ps-ti^SesifQr:^
priptudi^ th^

community..
offour centers which serve
and development activities. They
Agricultural Business (CAB), which

resources and^ expertise in the areas of production

CATI also acts as,a clearing house for technical inlorT: :-:

;mation compiled, through theVarious researchicenters.:::;;::-::;-;

Publications include thG,qu,arterly..ypd$te.;h^W^t^
technical bulletins and research repbrtsy/Jn-^dtiitio^^^^^
offers continuing education prbgretms desig®^
agricuiturai industry professionals in expanding their busi-^.-^
ness contacts and skills. CATl-sponsored events include
conferences, seminars, training workshops, and field daysi -

For those with compuler-based comrniiriicatipn^'^^^^^^^^^^

capabilities, CATI offers daily-updated slatistics:ahd:f^0^s::
on agricultural and business topics througiiithe'AdvahCed:.?.

Technology Information Network (Atl-Nel). At;n6 chage^

|:^ribuitijr^ and agribusiness; the Center for Irrigation
;;:^blii^6l6gy; (C}Tj, w vyorks with growers, irrigation

to system users. ATI-Net provides International trade feads -:-

li^quipmerit manufacturers and government agencies to

prices, economic trends, and weather.

f^|>roVe:irrigatipn equipment andw^er use efficiency in both

:;§^ricijitufa!^^

the Viticulture and Enology

iResearch^Q^
(VERC), which conducts research In the
llareas of product ^d
grape variety testing, pest

iBiididjsease control, and dried fruit technology; and the
yCenter tor Food Science and Nutrition Research

:iC(^f^R),.vyHich, conducts research and seeks to strengthen
private industry and public agencies in

and buyer lists, as well as national reports ori commodltp^^^^^
For more information on programs or seivicesi ;c6otai^^^^^
CATI at the following address:

California Agricultural Technology In^itute " -^^^^
2910 E. Barstow Ave. fvl/S 115

Fresno, CA 93740-8009

J

Voice: (209) 278-2361 -^

Fax;

(209) 278-4849

Web site,address: http://wWWv^li^

