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Abstract.

Vines are normally very hardy plants thaith the right breeding, will grow in nmgy different
climates. Howevean apparent increase in the occurrence of extrenmeegional weather
patterns has resulted in many established vineyards having to take expensive precautions
especiallyagainst late Spring frosts. This paper examtheseffect of frosts on vineyards in
Britain and outlines some of thmethods that havéoeen usedo combat themin recent years.

Introduction

In the current century, May frosts have seriously hit vine productiosereraloccasionsLinch

Hill in Oxfordshire recorded losses in growing buds as

2012: 50%

2016 50%

2017 30%

2020 100%

Toq2 S LIy Cf SYAY3QencOM . Bbid S hafpedciagce, Rviedisy’ 3 S NJ W
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we have a trend that requires serious thought.
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and hobbyist@nd now classifies asgrowing industry. Large sums of money have been

invested in plantings and wineries, and massive losses stand to be maigefibst continues

to be a regilar occurrenceThe problem is exacerbated by early budbuwatised by warm
conditions in early Springn 2020, over 300 vineyards reportbddburst before mid April and

isthis growth that was vulnerablt the late frosts.
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Above: Damage atinchHill, Oxfordshire on 12", May 2020



What causes the damage?
As with most living organisms, the grapevine contains a high

proportion of water. If the temperature drops below the freezing
point of this water, it will freeze, form spikes of ice, ahdse will
puncture the cell walls, so killing the cells. Most frost damage on
grape vines occurs near ground level where, at niglgnituch
colder a few feet above the ground; so protecting the trunk of
the grape vine in very cold climates is imperative. This
especially important during a cold, still, clear night when heat is
radiated rapidly to the atmosphere and the temperature near the
ground drops dramatically.

Some years ago, apaySy i NRBdzy R aAl1S w2o
vineyard in Sussex, where frodti I LINRP O f SYD a A
: GKIFG GAYS g kagiani daRlle (seedhuad)ihdtss lit
when frostthreatens, and which sends black smokmithe vine rows. One problem was that
they were expensive and were therefore lit only when frosswatain. This inolvedclose
monitoring of the weather forecast and, on suitable nights, sitting around with a large supply of

coffee incase the temperature gauge droppsdfficiently. Thenthere wasa rush round the

vineyard in ordera light all the bougis. There waalsoone other vitalstep at Ridgeview. This

involvedringing up nearbysatwick airport and telling therthat the lines of flaming beacons

were NOT a new flightpath marker. The thought of a Jumbo jet gliding down onto the vines does
notbeari KAY 1 Ay3a Fo62dzid t SGSNI W2Kyazys ¢gKSy a4 hTFl
use barrels with engine oil in them, which were set alight when frost threatened. Local farmers,
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Types of Frost:

Advection frostoccurs when a dry, cold air mass moves into the area, driven by a northerly

windLy KAffte& IINBlFaz GKS O2fR FANJ Oy WatARSQ R2g
Y20SYSyida | NB (WN@ 8 XhérdoH Mat seémdtd be a lot that-atirring

machines can do under such conditidng barriers across known draining lines can ragflect

the flow from the vineyardErost hollows do occur in Britaif?" -Rickmansworth and the

Chipstead Valley in Surrey being noted exampla2012, the temperature at Chesham reached

-18.3Cwith air draining from surrounding hilldn the Breckland of Norfolk, tmbair can

stagnate and preverthe mixing of airesulting in low and continuous gnad temperatures

Ground Frosts defined as when the temperature at ground level fallg1C or less and the
dew freezesand damage low buds and leaves.

Radiation frostoccurs when a cold windless air mass settles over the area, with clearTdkees.

ground freezes athe warmth initrise® . SOl dzAS (KB RXB LIS AL JAINBA ¥ RPDS NE A
occurs, with a layer of warm air about 50 feet above the ground, trapping the cold air under it.

Cool dense air is trapped near the ground, affecting the vines.
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Hoar frost
The white crystals seen on the grass on a cold morning are neither a ground nor an air frost. This
is a 'hoar frost', which forms when the air cools and water condenses onto the grass

The actual temperature at which damage will take place aral recorded in an article on
eVineyard*¥They found that dormant buds will survive anperatures down t620C, while
once beyond bud swelling, they are much more sensitive. The average figures discovered were:

Growth stage 10% damage’C) 90% damag (°’C)
First swell -10 -19.4

Full swell -6.1 -12.2

Bud burst -3.9 -8.9

1% leaf -2.8 -1

2" leaf 2.2 5.6

3 |eaf 2.2 3.3

4" leaf 2.2 -2.8

Frosting at Ludlowineyard, Shropshirel:?h May 2020



Prevention

1. Site selection
Opinions vary atut prevention methodsan Internet site for Western Australian
Viiticulture  suggests that the vineyard site should be carefully chosen. This boils down
to the old marketingadaget [ 2 O A2y = f20FGA2y> f20FiA2yéad {2Y
overthis.| SOSY i K2N1JS o1 a OK2aSy o06SOlIdzaS Ad sl a I Wgli
frosts. Wroxeter too rarely suffers frost damage. Anyone choosing a new site should
look at the following factors:

a) Landscape Closed valleys can trap cold air and create a thickt frone while
open plains tend to thin the frost layer. Where radiation frosts are common
vineyards should be designed so that cold air may drain away from the vines. A
2% fall along vine rows with no barriers to airflow is considered ideal Barriers to
airflow include windbreaks, plantations, trees along creek lines, dam banks and
buildings. Fog is a good indicator of cold poorly drained areas where radiation
frosts could be a problem.

b) Soil types- Dark soils absorb more heat than light soils while grassllls
absorb more heat than clay soiléclose packed and well mown, they may
retain the heat.

c) Windbreaks- Windbreaks restrict airflow and can trap cold air of a radiation
frost. Frosts need to be considered when windbreaks are selected and located.

d) Choosean appropriate siteand use what frost prevention methods are suitable for it.

Solid windbreaks (e.g. walls) tend to keep in the frost, but hedges and trees should keep
in the heat. | note that in our garden, the wind filtering through the trassally keeps

the frost away. One section of the trees was heavily trimmed and the builder next door
put up a wooden fence across a third of the hedgerow. In that area, the wind comes
over it, causing damage to the fruit buds at a higher level and allowastytfis form on

the ground. The rest of the hedge, without a fence, is far less prone to frost.
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2.Vine selection
Vines change their cell content in winter in order to acclimatise. Some varieties are

more efficient than others. After veraison, carbohyidsconcentrate in the fruit

clusters and shoot growth slows. As temperatures drop, watgreding substances are
deposited in the vine tissues to slow the flow of water through the vine. The canes turn
from green to brown. The less the water content i ttells, the less likely that they will
freeze. However a sudden deep extended frost could supercool any remaining water. If
this occurs in early November before the vine is fully ready for the cold, the water
content will still be high. The interellularspaces can accommodate some of this so
damage will be slight. However, if temperatures remain very low, then this supercooled



water will turn to ice, expanding its volume bgaut 9%. The cell walls stretch and then
break.

Some vines are better than otheat coping with cold weather. Riparia and Amurensis
are good at preparing for wintebut can interpret brief January warm spells as the
arrival of Spring, so may sufféamage in Februaryinifera is sloer to prepare for

winter, but, like sensible huans, equally slow to accept that Spring has arrived. (never
cast a clout tl May be out!) The Canadians have carried out extensive research on
winter-hardy hybrids that combine the best of these features.

3. Passive methods.

TheFAO*? adviseremoval ofground cover in order to improve the ability of the
ground to absorb heat.

OFor passive frost protection, it is better
orchards and vineyards. Removal of cover crops will enhance radiation absorption by

the soi| which improves energy transfer and storage. Cover crops are also known to

harbour higher concentrations of igricleation active (INA) bacteria than many

orchard and vine crops, so the presence of vegetation on orchard and vineyard floors

increases theNA bacteria concentrations on the crop and hence the potential for frost

damage.

4. Postplanting methods

a. Heating the vinesa report from Australi& suggests trailing electric cables round the vines

in order to raise their temperatures by one ava degrees, and so preventing the buds from
freezing.Associate Professor Dr David Lamb says the system first appeared in France, but has
never been tried in AustraliaWe have established two one hectare trials with panels of vines
subjected to differenheating treatments with this electric cable and our aim is to do a
systematic evaluation of (adoes it really work and (b)f it does work, what's the most

effective way to set it up and how much will it cost the growers, and is it cost effédivsaid.

The effects of the cables on a 2Ha block of Sauvignon Blanc, a®€rfeost were as
follows.

Non-heated vines. 41% capful loss

Low heat 28% loss

Medium heat: 16% loss

High heat 13%

The power requirement was estimated at 43Kw/Ha in a small viteya

The main problem that he foresaw was the possibility that the cables could be accidently cut
(apart from a power loss at a criticaiig-{ 2 RQa I g HO

A number of vineyards in Britain are usBughelectrical systems to preveffitost damage. Gaia
Systens ® have a systerwherethe cableis wrapped around the fruiting cane, and the heat is

then conducted into the sap of the carigecause sap is a good conductor of heat, it is able to

evenly distribute this to the new growth internally; with similar cabystems used on

Champagne, France. Several years ago, Duncan Sangstar, Director of Designer Climate Solutions
NZ, developed purpose built cables for frost protection trials in and around Cromwell, New



Zealand.This is currently being used at Ridgeviewl abhWinding Wood in Berkshire where ,
according to their web sit8 they were hit with the worstasescenario at the end of April
2017,0of early shoots (an average of 3 leaves out), and 3 nighte SfC conditions. Owner

Christopher Cooke describitgsthed ! LINAf | NY I 3SRR2yé d hdzNJ a2aidSy

offeredexceptionabprotection on the first 2 night§.he 3rd however was a perfect storm of hail
and rain in the early evening with northerly winds, followed4¥s°C temperatures overnight.
Even so 30% of the gravas saveddGoodworth Clatfordrineyard in Hampshiralso use them
and reported that

fiWe have heating wires throughowtur one acre vineyard, laid in ten circuiBxpensive to
install, but cheap to run (and requiring no departure from our beds isrtial hours!)On the
13/14th April, shortly after bud burst, the temperature fell3& overnight. 90% of our rows
were totally unaffected, but the buds on the other 10% were almost completely destrbyed.
we discovered that the circuit switch cowvey the damaged vines had trippednnoying- but

this black and white (or more accurately green and brown) evidence of the effectiveness of the
system did encourage us to believe that the investment had not been totally i& vain

b. TrainingResearchn New Zealand (1) emphasises the importance of the correct training
method.

GThere is a greater risk of frost damage the
closer the buds or shoots are to the ground. High-wire Lenz-Moser training at
Trellising systems such as Te Kauwhata Two ° Leventhorpe

whose bottom cordon wire is 0.4m frometh
ground and Scott Henry whose bottom cordon
wire is only 1.0m from the ground and the
shoots are trained downwards have a greater
risk of frost damage. Trellising systems such a
SmartDyson whose cordon wire is 1.2m from
the ground and Vertical Shoot Rasning

whose bottom cordon wire is about 1.0m from
the ground but the shoots are trained upwards
have a lesser risk of frost dama@ge ¢ NP dz
al® calculated that at Cromwell in New
Zealand, vines on a 2m high trellising are 3296
warmer than thos on the standard 0.9 m and
7.2/ KAIKSNI GKIFy G 3N
part of Leventhorpe vineyard, Leivoser training

e

" S dzLJLIS NJ

c.Vine pruning burnindh Yy S | dz& G NI € A |y  Cphuyfed uttingRare@itbppaddy G SR a

the end of the rows. They are then collected and burned, especially on the coldest nights when
the vines are threatened by the cold. Any unused ones can be used for barlsedue

d. Frost BusteBob Lindo of Camel Valley uses a Frost
> Buster. This can prevetite awful effectshat frost
can have on the fruit bud. The machine works by
burning gas to provide a heated air supply, which is
then blown by a large tractor driven fan, across the
orchard or down a tunnel. lowa University reseafth
suggested that tde effective, such machines should
be started up before the temperatures dropped
0 ST2NB TFNBSIT Ay Dapentiig ot thed 2
field layout, a single large tower machine will protect

y234SF



up to about 10 acres with a 10 degree temperature inversionrdiffeal at 50 feev Q 2 K S NB
there are contour differences in the land, flow directional heads are needed.

These machines carry a number of gas cylinders and are now increasing in popularity. In 2020,
Nyetimber had about 20 machines and had little or no dgenas a result.

e. Sprinklers William Booth at Mill Lane vineyard in Lincolnshire has water sprays ready in case
of frost. Advice from lowa State University is that the sprays should be low down, to prevent too
much ice building up on branches and snagythem.

Gerry Garnef®” the UKVA spray expeirt 2013had doubts about sprinklers. He commented:
dSpraying water only works if you are set up with permanently positioned frost sprirkless.
vines would become coated in ice (which might prove adaity for the trellis!) but provided
water is always present the temperature cannot drop below zHrgou stop the water before

the air temp is above freezing, the ice will continue to cool to sub zero tempera@ivgmusly

this requires expensive spkler system, good water supply and free draining soil.

The sprayon treatments such as Arfitress and FrosTec are believed to give protection from
light frosts but need to have been recently applied or new growth will be unprote&tezhe

time varbus giant candles and simple oil or propane heaters were used for orchard frost
protection but current oil prices plus attitudes to global warming and air pollution killed that
approach. Paul Sibley at Bosue used Zenith this year, and despitr beingast pdcket, had

little loss.

Experience in Champagne showed that spraying works, but is expensive inavagetare of
vines requires 50 cubic metres of water to coat the vines with sprinklers basgd dtetres
apart.John Lilley at Congham vineyardNiarfolk also uss sprinklerssuccessfullyHe

02 YY Sy (i S\R haveknbwihadiB or 4 nights when the temperature has been in the range
minus 3 degrees to minus 5 degrees here in North West Norfolk .

We essentially have no frost damage because wgatgioverhead continuously ouva@ght and
apply about2mm. per hour of "rain"in a strip down the rows about 800 mm wide to ice up the
soft growth . Running costgseabout £5 per acre per nighhd the system is capable of being
controlled from a simple teperature sensor in the vineyard

The only damage/e have had this year is where a couple of the sprinkler heads got bldéked .

Of thevineyards reporting problems (4o of them successfully used sprapsluding Congham
(picture below)but of the others5 vineyards loss more than half their crop.
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conitions at Conghrok There asminimal damage.

A

Sprayed vi eé ring icy

f. Bougies These are large candles which can be lit when required. To do so requires a good
warning system, usually from amputer based App. These also require labour standing by to
light them and, once used, need replaciipst vineyards in the South east used them, and
used them successfully. However, of th@stuallyreporting, there was mixed success.

Bougies in thevineyard at Albury Vineyard Surrey



g. A company in New Zealand has developdbst
fan mounted onto a traile which is available in the
UK It requires no planning permission, as it is not a
permanent structure. It creates the same noise level
as afan assisted sprayeytrials have shown it to be
inaudible at a distance of 300 meters. One machine
protects between & 10 acres depending on the
topography of the siteThe company claim that it will
protect 5.5Ha and can be left unattended overnight.
The Towand Blow works by capturing the heat rising
from the soil and blowing it back into the vineyard,
ensuring ground temperatures then are not cold
enough for frost to form. The ability to angle the fan
brings flexibility for vines grown on hilly are&s.

2020, it was successfully used by Tuffon HIl vineyard

in Essex.

g. Another approach is to hirelzelicopterto fly to and fro over the vineyard at low level, the

downdraft mixing the warmer upper layers of air with the cold air at ground lesxgbensve

and the neighbours will love yolh New Zealand, one vineyard owner in Canterbury estimated

the cost at $700 to $800NZ an hour in 26'ttHe used 8 helicopters. In theddoc, the D19

saw severe frostsand at@h& | dz RQ! NE I OFX o udédii corfuactidin GitdFresg SNB | f
20 protect the vines from late frostWe had to do if* Philippe Raoux, owner of

Chateau d'Arsac, told news website 20 Minutéat 6:22 this morning [Sunday], it

was-2°C and the three helicopters did their job welen though the effectiveness

of the operation will not be measured for three to four days®

Two years ago, the estate lost 90% of its harvest when five days of frost ravaged
vineyards across large parts of the courtrgChéeau dQ! NA I O wHaorE280 4SSt f a ¥
a bottle)A comment was that it only works with advection frosts, where there is

warm air available to circulate.

Other methods

Prevention methods and site selection are all important, as are the local weather conditions,
which are not latitude deendant. Yorkshire vineyards thrive happily if reasonably sheltered,
Lancashirebeing very exposed to westerly windisis no commercial vineyaregile Underscar
Manor , further north in Cumbria, has one that is in a sheltered locafuebecvineyards

have to bury theivines in winter, or develop vines that will survive down to minldC3%7) to
prevent serious damagé&his method has been used by a small vineyard in Braemar, Scotland.

Kennedy and Peccheniffdrecommend keeping the area between thmes well

mown, with loose soildloosely cultivated soil or deep intew herbage provides an
insulating layer on the soil surface that will restrict heat absorption during the day and
NBaiNROGl (KS FadiBtehéd cubduringtihetnigilimey dis@ sugydst late
spur pruning to delay budburst and raising fruiting wires. They found that every 100mm the wire
is above the ground increases the temperature by’Q.3myth and Skatéd noted that

passive frost protection (i.e. expecting tHark soil to radiate enough stored heat a

night to provide protection) is often inadequate, even though they found that there is
sufficient solar energy available, if it could be stored. They have tested black solar



powered quilts which collect solar heahd gve it out at night. They foundunder

certain site conditions, the solar quilt frost protection system has been shown to provide
a significant increase in the localised air and soil temperatures adjacent to the vine
trellis during frost eventd ¢

Expeiencesin 2020with prediction software

Cold front in Europe. 12th May 2020
O«
a

In 2020, major frosts were predicted for mid Magy a cold front (shown as the dotted line)
swept down from Iceland in a soutrasterly direction. These bought sudden low night
temperatures whiclstruck with devagation effect. Sone prediction apps predicted the night
correctly and allowed vineyards to take precautioMigny were caught ouDunley in

Hampshire were unlucky, with 508éstruction despite their climate app having predicted
positive temperatures. Rdton Hill at Circencester were similarly affected. Southcott in
Wiltshire had 95% hit from ground frost and Durslade in Somerset were totally wiped out as
were Kerry Vale in Shropshire abdwsHillin Oxfordshireand 18 others Elysian Fields in
Cambridjeshire were affected, despite temperaturéere not falling below +2C. Several
vineyards have their own weather stations, but these do not always have prediction features.



Note: This does not contain all the reporting vineyardaany of those reportedk20% loss are not includedly thanks to
Stephen Skelton M.W. for providingome of thestatistics in his survey of Frost damage

Some vineyards trie@limatevine.ap@nd found it underestimated the problem though others,
such as Ludlow and Swanmore foundi Wo I y 3 2 W€check butdodeBC dza S R
variations within the vineyard. Mike Hardingham at Ludlow commented on the variation
0SU6SSYy Ohere$ Lidev,Ina day the Solaris was a sea of green, the next day it is all
brown again! Interegingly, the Seyval in the other half of the field was not affected nearly so
badly® ¥hat is clear is that the apps while helpful, are not 100% relidliie.belief was that

the failure of the app could be because of variations within a postcode alegyare also only a
predictor, not a cure. They only say when precautions need to be taken, not what precautions
to take.

Bob Neilson at Brightwell commentégiat Wave found that within 24hrs the uk metoffice has

been the most accurate (it predicteBifor Tuesday morn when most other sites sdijl Not too
AdzNIINRA aAyYy 3 AAGSY Al KIFa GKS Y2ad Wk Oldzr £t Q NBLRZ2N
the others forecasters aggregate and computer predict without real measuremBeaysand

24hrs metoffice gis less accurateB



