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Presented with the assistance
of...

Rick Snyder, Biometeorologist, UCD
Department of Land Air and Water
http://biomet.ucdavis.edu/

Rhonda Smith, UC CE Farm Advisor,
Sonoma County

Rachel Elkins, UC CE Farm Advisor, Lake
County

Steve Lindow, UC Berkeley



To be covered....

Radiation frosts versus Advective freezes
Passive frost protection methods

Active frost protection methods

When to turn sprinklers on and off



Why Frost Protect?

All green parts of the vine are susceptible to
frost, all during the growing season
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RADIATION

More heat radiates A\VWAY from earth than it receives



Radiation Frost

Occurs when nights are clear, and heat
radiates from the earth

Alr 1s stratified, with coolest air close to the
ground, and the air Is usually still

If warm air Is 10-50 feet above the ground,
It Is possible to mix the air with fans

These frost events are frequently mild, and
usually above 27 °F
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Presenter
Presentation Notes
Radiation frosts. Heat is lost in the form of radiant energy. At night, soil and surfaces lose heat. The temperature falls faster near the radiating surface, thus an inversion is formed.
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Presenter
Presentation Notes
Radiation frosts. Heat is lost in the form of radiant energy. At night, soil and surfaces lose heat. The temperature falls faster near the radiating surface, thus an inversion is formed.
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Presenter
Presentation Notes
Radiation frosts. Heat is lost in the form of radiant energy. At night, soil and surfaces lose heat. The temperature falls faster near the radiating surface, thus an inversion is formed.
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Presenter
Presentation Notes
Radiation frosts. Heat is lost in the form of radiant energy. At night, soil and surfaces lose heat. The temperature falls faster near the radiating surface, thus an inversion is formed.
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Presenter
Presentation Notes
Radiation frosts. Heat is lost in the form of radiant energy. At night, soil and surfaces lose heat. The temperature falls faster near the radiating surface, thus an inversion is formed.


Advective Freeze

This Is caused by a large cold air mass, usually
accompanied by wind and low humidity

ne air may actually become colder with elevation
nese freezes can be very cold, going down to 21 °F

nese can cause more damage than radiation frosts

because active protection measures are not effective



ADVECTION

Moderate to strong winds; no inversion; low relative humidity



HEIGHT, fest

Temparature, °F



Passive Frost Protection
Methods

Site selection

Late vs. early varieties: Cool facing
slopes for early varieties

Soil water management
Ground covers
Time and method of pruning



Site Selection

Old tradition of planting vineyards--
upland areas are best If you have a choice

South and West facing slopes tend to be
warmest...(but are they the safest for
other concerns??)

Manage brush, trees or other air dams
that prevent cool air from flowing out of
the vineyard


Presenter
Presentation Notes
In t he front end of the season, putting vines in the warm slopes may encourage early bb.


Site Selection: Cold Air Flow
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Soll Water Management




Soll Water Management

Keep soil water content near field capacity
Wet 2-3 days early
Wet entire surface

Wet the top foot


Presenter
Presentation Notes
Top foot is necessary to wet – not the entire profile – to get enough heat storage and then conduction of heat up to soil surface and then radiation out of soil into air.


Soll Water Management
To Reduce Frost Risk

Maximum protection: Bare, packed solil -
either cultivated or sprayed with herbicides

Drawbacks: Erosion risk, loss of soil
organic matter, destruction of soil structure,
poor footing for early spring spraying


Presenter
Presentation Notes
Wet soil conducts heat better then dry soil or soil that has air spaces in it.
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Presenter
Presentation Notes
All you can do:

Keep it short, I.e. avoid tall covers, therefore mow if you dare.


Frost and Vineyard Floor
Management

Ground Preparation

Temperature Change

Bare, Firm, Moist Ground Warmest

Shredded Cover, Moist 0.5 °F cooler

_ow Cover, Moist Ground |1 to 3 °F cooler

Dry, Firm Ground

2 °F cooler

“reshly disked, fluffy

2 10 3 °F cooler

High cover crop

2 10 4 °F cooler

High cover crop, restricted |6 to 8 °F cooler

alr drainage

Wilbur Reil, Yolo & Solano Tree Crops Advisor, retired


Presenter
Presentation Notes
Notes from Wilbur Reil phone chat 2-28-04: 

He made these numbers up from various lit sources.

Joe Connell newsletter is more comprehensive than Wilbur’s newsletter. 

Joe’s chart is too complicated as per Wilbur. 

Wilbur  faxed both his and Joe’s newsletters.

This chart from WR’s newsletter:

“All conditions are compared to bare, firm, moist ground. Strip weed control down the tree row will provide conditions proportional to the area without vegetation, ie, if 25% of the total is bare and 75% has a high cc, the orchard will be 1.5-3 degrees colder than bare, firm moist ground.”


lce Nucleating Bacteria

Pseudomonas syringae

Erwinia herbicola

Pseudomonas flourescens

Pseudomonas ViIrio

Iflava

Xanthomonas cam

nestris var. vesicatoria

Most of the data on the risks associated with ice
nucleating bacteria being present on grass cover

crops Is from

citrus and pears.


Presenter
Presentation Notes
Notes from UC cc book page 45:

Ice nuc. Bact are single celled and coated with gelatinous compounds that dry and cause the bact to flake off and blow from the floor to emerging grape shoots, flowers and foliage. 

P. Syringae establishes well on grasses and annual forbs that have thin cuticles. They sustain themselves on the exudates from the lvs of host pl and serve as a catalyst for ice crystal formation. When present in large numbers, they can cause pl tissues to freeze at temps close to 32. If ice nuc bact are not present, then pl tissues can supercool without freezing to temps as low as 29F. Legumes with smooth, thick, waxy cuticles generally do not support as much ice nuc bact growth as grasses. Lindow showed that managing and selecting cc in citrus and pears can greatly influence the likelihood of frost damage (Lindow 1983). Based on that work, he does not recommend growing grass cc in areas prone to frost unless sprinkler protection used.(I.e. he is being conservative. No data in vineyds exist.)


Ice Nucleating Bacteria




Ice Nucleating Bacteria




Compromise with cover crops

Plant in every other row with a ground cover

Avoid species like bell beans and peas that cannot be
mowed closely during frost period - or else disk in,
mow short

Mow everything early, before bud emergence (as
much as 2 weeks ahead of time)

If over head sprinklers used as frost protection, then
growing cover crops In a frost prone regions
becomes much safer


Presenter
Presentation Notes
Bacteria will be easily transferred to the grape shoots if the cover crop is too tall and likely to bump up against the cordon.





Sprays

Frostban (A506)
Frost Shield
Copper Compounds

Probably only copper is truly effective, and it
would be best focused on the cover crops,
since they produce the most bacteria (but
any Cu In runoff can be very toxic to fish)



For radiation frosts only

Active Frost Protection
Methods

Wind Machines
Orchard Heaters
Overhead sprinklers
Micro-sprinklers



Wind Machines for frost
orotection

Only work with RADIANT FROSTS when
there Is an Iinversion. Gain about 25% of

the temperature difference between 4 feet
and 40 feet.
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From Principles of Frost Protection, R. Snyder, UCD




Wind Machines

Turn on fans when the temperature at 5
foot height Is above the critical damage
temperature.

OR

Turn on fans before the temperature at 5
foot height falls much below the
temperature at 33 foot height.


Presenter
Presentation Notes
They also offer better protection if they are used to maintain temperatures in the vineyard rather than to try and raise the temperatures from

      below freezing to above. This technique is  often referred to as a ‘slow-freeze-slow-thaw   method’. Thus, wind machines tend to be turned  on before frosts occur 1.5 to 0.5o C and are  turned off after the threat of a frost has   gone. This is usually after sunrise. 
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Presenter
Presentation Notes
Orchard heaters protect with convection.

They also radiate heat to nearby plants, but the majority of the protection they offer is convection.


Sorifidler FrostF r;* ection

® The object Is to maintain an ice/water
Interface around the green tissue

*f/

‘. ® When the water freezes, heat Is liberated

' from the water, and a temperature of 32 °F
IS maintained as long as there Is a mixture
of water and ice with water dripping off the
plants.
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Sprinkler Requirements
Conventional pulsing sprinklers

Precipitation rate of 0.11 inches/ hour
Equivalent of about 50 gallons per minute per acre
Good pressure is needed (most systems > 50 psi)


Presenter
Presentation Notes
Hopland photo I took on road up to HFS


_'L,mJ sprinrlers

;;T,ER cluirernents




When to turn on & off sprinklers


Presenter
Presentation Notes
Most of the rest of this talk will focus on this.


Definitions

Dry bulb temperature = air temperature
measured with a thermometer

Wet bulb temperature = air temperature that
occurs when heat is removed from the air to
evaporate water until the air becomes saturated.
Measured with a psychrometer OR calculated
from DEW POINT and air temperature

Critical temperature = the dry bulb temperature
at which the crop begins to be damaged


Presenter
Presentation Notes
Wet bulb temp can drop, so a real frost saavy person will take wet bulb readings several times a night.

Critical temp is the min temp that the tissue will not be damaged when exposed at that temp for up to 30 min.


Dew Point temperature

"'he dew point temperature Is the air temperature when
the air has reached 100% relative humidity. It assumes
that water vapor content does not change. At the dew
point temperature, water vapor in the air is likely to
condense on surfaces as dew (or frost).

The dew point temperature can be measured or
estimated from air temperature and relative humidity or
from dry and wet-bulb temperatures. The weather
service often reports the dew point temperature.


Presenter
Presentation Notes
Another definition of DP:

The temp at which air becomes saturated with water vapor when the air is cooled by removing sensible heat. When air temp is at the DP, then the number of water molecules evaporating from a pure, flat, surface of water is equal to the number of molecules condensing on the surface.


Dew or Frost Formation?

A Dew Point of 45 °F:

Dew begins to form on vegetation or other objects
exposed to a clear sky when the temperature drops
to 45 degrees F

A Dew Point of 28 °F:

White frost will appear when the temperature
drops to 28 degrees F!


Presenter
Presentation Notes
If you have a super low DP (5-10 degrees), then you will get a black frost (invisible) since ice crystals do not form because not enough water is in the air when the dew point is finally reached.

Also, if you have a really low DP, you will go back to bed and stop messing around with the can!


A “high” dew point
(above 35° F)

Temperature fall during the night is slow
and steady with few fluctuations

* Frost is rarely a problem when dew point is
above 45° F.


Presenter
Presentation Notes
After the dew pt has been reached, then condensation will release latent heat and reduce the rate of temp drop. 


A “low” dew point
(below 25° F)

Temperature fall is rapid
Watch thermometers carefully
Humidity Is very low

Frost damage Is likely



Measuring Dew point
Temperature

Slowly add ice cubes to the
water to lower the can
temperature. Stir the water
with a thermometer while
adding the ice cubes to insure
the same can and water
temperature. WWhen
condensation occurs, note the
dew point temperature.

From Principles of Frost Protection, R. Snyder, UCD


Presenter
Presentation Notes
You can add salt to the can so that the ice will melt and the water will drop to below freezing. – this is necessary if the DP is below 32 degrees F.




=
Find humidity with psychrometers:

measure wet bulb and dry bulb
LefriparelLy



Presenter
Presentation Notes
Wet cotton wick with distilled water.

Battery operated fan is in the top one.

As fan operates (or you sling the bottom one around), the temp of the wet bulb drops since heat is removed from the thermometer by evaporation.

Let it run or sling it around for at least 60 seconds. When the two thermometers record steady temps between successive readings, you are done, so record both temps. 



Added in 2-08 by looking at Leaflet 21372 “Converting Humidity Expressions with Computers and Calculators”:

Psychromoters measure humidity which is calculated from wet bulb and dry bulb temps.  Remember that converting dry bulb and wet bulb to RH must include the barametric pressure. Bar press decreases with increasing altitude.


When to turn on & off sprinklers

Turn ON sprinklers

When wet bulb is above the critical temperature. All
sprinklers should be operating before the wet bulb
temperature drops to the critical temperature upwind from
the crop .

Turn OFF sprinklers

When the sun is shining on the crop and the wet bulb
temperature upwind of the crop is higher than the critical
temperature. In practice, wait until 32°F. But if it is windy
or if dew point is low, don’t turn off just because the air
temp 1s > 32°F. Wait until at least 34°F.



Presenter
Presentation Notes
The air temp inside the protected vineyard will drop to the wet bulb temp right after the sprinklers are turned on. 



The wet bulb temp and RH change throughout the night as temp changes.

Dew Point does not change since it depends on air moisture content which usually does not alter quickly in the short time frame preceding a frost.



My hero – Harold Coffer, said that if DP is > or = to 35 F, then just turning on at 32 is fine.

If less then 35, then you ought to learn what the DP is.


Use this table to figure out when to
turn on overhead sprinklers

Wet Bulb Temperature

ook up what the minimum air
temperature must be for
starting and stopping sprinklers

Dew Point temperature

Choose a wet bulb temperature above the critical temperature,
then find the air temperature corresponding to the wet bulb and
dew point in the table.



Minimum TURN ON and OFF temperatures
In °F for sprinkler frost protection

Wet-Bulb Temperature, °F
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When water is applied,
temperatures fall then rise

GIVEN: When a sprinkler system is first started, the plant
temperature might drop to the WET BULB temperature.

GOOD: Temperature then increases as water freezes.

BAD: If the DEW POINT temperature is low, then the WET
BULB is much lower then the air temperature and damage
can occur If insufficient water is applied.

If the wet bulb temperature is AT or BELOW the critical
temperature, then the air temperature can drop below the
critical temperature and cause damage.



Presenter
Presentation Notes
Temps falling then rising in a vineyard after the sprinklers are turned on is normal. If the rotation time is short and if the DP isn’t too low, then this brief temp dip is really brief. 

BUT, if your rotation is not fast enough, thus re-application isn’t happening fast enough, or your pressure drops and re-application stops on some vines that got wetted, then your air temps will continue to drop.


Beware of a Low Dew Point!

BASIC CONCEPT: Temperatures will drop
lower when the air is dry. Turning on the
sprinklers may initially bring the surface
temperatures of the vines below the freezing

point due to evaporative cooling.

WHAT TO DO: The drier the air, the sooner you
must turn on the sprinklers





Presenter
Presentation Notes
How can ice form on vines (when the sprinklers are turned on) when the air temp is above 32 degrees F?

Answer: If the wet bulb temp is sufficiently below 32 degrees F. 

Sprinklers can provide protection if they are operated and are functioning properly since there is a net gain of heat from freezing water that is greater then the loss of heat due to evaporation. 

If the sprinklers stop or the application rate is not sufficient, then the wet parts of the plant can cool to well below the air temp. and will be damaged. That is why there can be irregular frost damage within a vine or on a leaf: those damaged spots were at colder temps since the sprinkler application did not re-apply water fast enough..
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Presenter
Presentation Notes
Objective is to maintain the ice-water interface far away from the green tissue. Thus, you must keep applying water to maintain that freezing action.

So speed of re-application of water and volume of water applied is important.




Presenter
Presentation Notes
Tim Goetz suggestion: use stiped black lateral of the drip system and solid black for the sprinklers if you have both on one main. 


Features

The only water frost protection system possible
when there is little water available

Can be operated from same well and pump as your
drip system
Will prevent damage at temperatures no less than

Horizontally divided systems will require 2 heads
per vine.

Much earlier turn on times than conventional
sprinklers


Presenter
Presentation Notes
Coverage width is 20” to 24” so only unilats or bi lats are protected. 

26 F I got from Francisco Aruajo from Snows lake. Tim G would disagree. He said in a water world talk that Lake Co got protection at 19 degree temps and 19 degree D.P. 

Much earlier turn on times.

Must have an automatic filter
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