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Frost Protection for

rost protection durinli the spring months after vine growth begins
is an important consideration for vineyardists in California's
north coastal grape-growing districts. Most, but not all, vineyards

in that area are subiect to great enough frost hazards to warrant the use
of frost protection systems.

This publication describes mcthods 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 ir is economically
sound; that is, if the probablc crop losses due to spring frosts over the
long term outweigh the costs of ptoviding and operating frost protec-
tion equiDment.

Cooperative Extension
Division of Agricultural Sciences

UNIVERSITY OF CALIFORNIA

flet 2

o
Lea



Doyouneed
frost protection?

To make the right dccistun rbout whcdrcr to buy a
frost protection system, you must have somc meaiure
ofexpcct€d frost frequcncy and severity. Ilvcry vjne
yffd ha5 a slighdy differcnr history of frosr occurr€ncc,
and Dxst rccords orcvidc th€ best informltion as to

whether your rrea should bc protect€d. LowlyinS
ar€as near river bottoms. or areas where brush, dense
growth, or highwiy fills block natural air drainnge,
arc colder thxn vineyarG on hillsides or sloping ground.

Th€ Natbnxl weather Servicc maintains key tcm-
p€rature statkrls during the frost scason and hff sum-
marized th€ dalx from some offtc stations in thc nonh
coast area (sec txblc l). The summxry of the tempcra-
turcs recorded at the Napr ke) st:rtion is inclrdcd as
an example rnd guide.

!lg. l. Shoot b.c.tze. h.s nor he.o .xp..lcnc.d wlth sp.lrkllda du.lng sp.tng rrosis. Thts phoro, rzr.o Jur. rft.r 3utrls..
shows rhc .xrent oa tcc buudup oo th€ shoors .ft r sprld.rha durlng th. s.v..c f.Gt coodltloG lo Aprll I 964.



TADLE l. Low Tcbp.at!.cs ObGd.d Durlng Folt Fr6t
P..lod (Mld-Mrch to Mtd-M.yFl937 ro l9al-.t th.

N2p. Kcy St.tlon

324 lor 2a. 26oE

Most.onsecutive nighrs ato.belov l '

Y...ly !v.r.8e nmb..of nights .o2'

R.n8c in numbcr of nighis pe.
t-20 0-16 0-7 0-r'

Yc.rly av.mge numbe. of ho!.s 21 t 2 - t

RinSc of numbcr of holrs p€r
<t-78 0-.10 0-10 o-2 t

Lonlcst slngl. du.itlon-in houa-

SOURCI: Compiledby Hrrold L. coff(r, Agricultuml rl€rco.olo8ist.
Nrtlonal Wctrh.r S.rvicc
'Ooc nlght in .1,1 y..rs ,t or bclow 26ol (low6t obs€.vcd r.dpcF

iTwo hours in l9,i 1only,

Pdnclples of frost
protection methods
Sprtokl€r-applted wate.-contlnuous use. con'
linurll) applifd sprinkler water protccts grapeviner
by rcls$ing heat as th€ watcr freezes to icc. A mixture
of wrtcr and icc stays at the freczing point (32 " F)
Unti l  x l l  rhc witcr has chxnged to ice. or v ice versr.
By constm(ly re$retting the surfaces of dre grapevine's
leaves, shoots, and clusters, it is possible to maintiin
r film of witer on the ice coating formed on the grap€-
vinc pirrts (see fig. 1). The ice and wat€r mixaure
maint:rins r prot€ctive temprriture of 32'F on tender

It is cssential to provide enouSh precipiration to
kccp wrter available for freezinS on wet crop surfaces.
If w:rtcr is not available to constantly maintain rhc ice
and wirtcr mixture, temperatures may drop low enough
ro cirusc dxmage On the other hind. excessive pre
cipitxtion rirtcs cause heavy ice buildup around vine
parts xnd m:r) 'water log the soi l .

Vind mrchlnes and heaters. During the day the
sun $,:lrms the earth s surfxcc-soil, vines, etc.
which in turn vrrms the aii in contact witb it. A layer
of warm rir builds up over the vineyard as the air at
ground Icvcl warms xnd riscs,

At night the process rcvcrscs. Thc earth's surface
loses hcat through outward mdiation to the clear, cold
sky. The air in contact with the earth's surface is cooled
and, becrus€ cold air is heavi€r than warm air, it t€nds

to remain at ground level or flow to lower areas, This
nighttime condition is c^lled inoersion.

Frosts that develop under such conditions are
c lled rad;ation frosts. They are characterized by
cold air at the ground surface that builds up to varyinS
heights, with warm€r air :Ibove. Both wind machines
and heaters work better when the warm air or ceiling
is neir th€ ground, a condition c lk'J strong inerslon.

Wind rnachines depend on h"ving warm rir abov€
the vineyard. They dcrive thcir effectiveness from mix-
ing the warmer air with the cold air in the vineyard.
The difference betwecn thc air temperature at 5 feet
and i[0 or 50 fcet above thc ground is a common way
to mcasure or d€scrib€ a tcmperature inversion. By
rule of thumb, r tempcflrture rise of one-fourth thc
rcmperature invcrsion can he achieved by using a
wind machine at l0 hp pcr acre.

Orchard heaters provide heit by direct rrdiatlon
:lnd by convection, Hoastack hcrters. like the rcturn.
stack type, givc out 25 to 30 pcrcent radiant hcat.
Radiant hext travels on x linc ofsight from the heitcr
to the vine orany other surf:rcc in th€ vineyard,

\vind machincs and hc:rtcrs working tog€thcr
providc more frost protcction than either used alone.
The incr€ased efficiency results from mixing thc hot
Nir and gases generated by the heaters dlrectly wlth
the air in the vineyard, Th€ heater and wind-machlne
combination is especirlly effccdve on niShts whcn
there is a small invcrsion-littlc warm air above the
vineyard for thc wind machlnc to pull down and no
ceiling to stop thc risc of thc warm air generaied by
the heatcrs.

When to use frost protectlon-measudnS tcm-
petatur€. T€mperatrres should be monitored in thc
colder areis found in low spots or where cold arr flow
is blocked by brush and trces. At least three or four
tcmpemture sensors should be located in each block
to be protected, or one for every 10 acres of vineyard,

The standard orchard minimum thermometcr
accurately measures low tcmperatures wh€n mounted
in a shelter. A simplc shelter cen b€ made with two
pieces of l- x 8-inch wood, 18 inchcs long, fastened
ln an L shape to form r top and back, Mount the shel-
ter 5 feet high on a stak€, facing north and away from
hcxters. Paint it with white enrmel so it can be seen
more easily at night, Always shclt€r thermometers or
tcmpereture sensing deviccs because they will not
,rccurntely read air temperat re if exposed to thc sky.

Other available tcmpcrxture monitoring dcviccs
include electricd thermistor equipment. Such cquip'
ment is accurate and can be equipped to be read f.om
rcmote locations, even by tclephone.

Any remperature devicc should be checked for
accuracy bcfor€ each frost scason, Place thermomctcrs
in a lo-gallon bucket or insulated iug of wxtcr and
mehing ice that is stirrcd frequently. Th€ watcr'icc
mlxture will be 32"F. Errors of each temperature
m€asu.insd€vice can be notcd or correcred



Ff ost-pf otection systems
and their operation

In the oorth coilst counties, vine_vard sites on vrlley
floors nrc oitcn rcctangulxr, rcsulting in rcgular vine
sp,rcing on rclarivcly flat terrain. But vincyards mey
vxry considcrrblv in size and shxpe when thcy bordcr
strexms or nxtuf:rl drainxge chmnels or rre flank€d
bl ro:rds. Becruse of th€ rvide rxnge in form, there is
no t,vpic:rl yincy:rrd" on which to base thc dcsign of
a frost-protect ion sysrem with ei th€r spr inklers or
s,ind mrchines :rnd h€rters.

We decided, therefore. to comprre th€ costs of
fr , , . r  pr( ,rc l ' r i , 'n :ysrcm ,n x 4{)- :r ,  re.  .qurre vine-
yard, md n) mxkr gcncral cvxluatbns and dcscriptions
ofsy$tcms on 40 xcrc plots.  Bcceus€ thc growcr docs
much ofthc l lbor,  cxcrpt f i ) rpruninB:rnd h:rrvest ing,
40 :rcres :rrc consider€d m economic nit for gr1tpe
production in thc north coast arc,.t, \ve recogni^ thxt
th€ design dnta may not bc typical for many vineyard
si tuxt ions, but thc compxrisurs of d,r tx : | |c appl icablc
k) nn)st other typcs of v ineylrds.

Permanent sprlnklers. 'lhc sp.inklcr systc,I clc-
scfibed hcrc is ,r pcrm,rnent, undcfgftnrnd systcm with
r iscr$ f ixcd t()  stakcs support ing the vines. (Scc txblc
3 for :r description of cssenti:rl prrrts.) The sprinklcr
hcxds, lrc plxccd on thc r iscrs,  which xrc spxccd in x
12- x 18J(x)r rcctangrr l : rr  pxttcrn. Ihc piutcrn con-
vcnient ly corrcsponds t()  I  v ine :rnd .ow splcing of
lJ x I2 fect with x spr inkler at  cvery fourth vinc in
cvcry f iNrth row. widcr splcings rrc not rccom-
mcnclcd bccilusc uniformity of watcr :rpplicxtbn is
n(n soff ic icnt for complcrc protcct ion. In tact,  x: i ( |
x .{(rtix)t spxci'rg is sonrelinrcs fcconmcndcd when

comprl iblc wi lh row xnd vi ,rc sp:rcin!a.' lhe systcm nscs :rsbcstos-ccmcnt pipc br thc
ori in i rnd submNiD l ines. Rigid plxst ic (polyvinyl  chb-
r ide- l 'V.(1.)  Iatcrnl  l ines n,rd r iscrs distr ibutc thc
wxrcr ro thc systcor 's I :ucr:r ls.  AII  the pipel incs xrc
buricd 18 inchcs or morc bclow rhc soi l  surtrcc so
thc) wi l lnot inrcrf t re with norm:r l  cul tuf l r l  prxcr iccs.

Alrhoogh underground sprnrklcr sysrcms cxn bc
insral lcd,r l ier the vinevlrd is cstxbl ishcd, there a.c
distinct advantages to instxlling them rt plinting tilnei
rhc vineyllrd bk)ck sizc cxn be coordinated with the
dcsign of thc main, submnin, and laterxl  l inesi  v ine
and sprinklcr spacing can bc coordinxtedi xncl the
rrcnching c:rn be donc with less restriction and with-
our dam4ing thc vines .oot systems.

Ou. figu.cs are bised on contract rates for com-
mercial  instxl lxt ion including tr€nching, laying, and
b:rckfilling. Many growers do the work wirh vin€yard
Iab()r under the training xnd edvice of the design€r and
m:rrcr i r ls suppl ier,  which may result  in substant ix l

Water application rate. A precipitation rxte of 0.1I
to 0.13 acre inches per hour has bccn established :ls
thc xmount nceded undcr nrost frost conditions in
north co:Lst vineyxrds. Vincyffds havc bccn protected
xt this rate whcn tempcrnturcs droppcd to rs low :rs
25'F. Al l  spr inklers i rc opcratcd si ,nul tancously,  so
pumpi,rg cxpacity of at le:rst 50 galbns per mnrutc
Gpnt per acre is n€ed€d doring th€ system's €ntir€
opcrr l ing t im€ to obtr in the estahl ished precipi tat ion
cittc. In edditkxl, sprir'rkicrs musr rotatc il1 onc minute
or lcss to rcwct vjncs ficquently cnough fbr protec
tion. sprinklers must also b€ properly spacccl to uni
fororly cov€r th€ entire vineyircl.

.tl,i kler starting temreraturcs. Whcn sprinklcrs
nrc first stn.tcd r tcmpcr:rturc clrop often occurs, but
l$ts o,rh until thcy have ,n,rd€ s€veral fevolntbns
;rnd thc phnts nrc welt wett€d. fhe remperature drop
is duc t() cv;rporation. If sprnrklers are started too
Irtr. thc t(mpcrxturc drop cltn dxmirgc thc crop. For
trnrtc l) .  dur ing nlost Clt l i fbrni l  spr ing frosts humid-
i t ics rrc high, so l i t t lc cvxpor: l t ion occlrrs xnd thc
trnlpcraturc d.{)p is sr l rx l l .  Most growcrs st iut  whcn
tclnp(r: l lu.(s dr()p f t )  J l  '  I  or 34 o r .

()n mrc ()ccxsioos. cold, dry xir  nasscs do nlovc
inro thc st l lc.  lhr ing such t inrcs, spr inklcrs must bc
slxf tcd so(ncr so rhc ini t ix l  tcmpcrNturc drop docs
not rc:rch tcnrpcrxiurcs dxnrxging &) thc vincs, Most
frost fbrcc:rst$ nrcnli()n thc (lc$,poi,rt tcmpcrnturc of
thc ni . .  Dc*,poi ' r t  tcmpcfrturc rcmir ins rcl , r t ivcly
const:rnt  duf inl t  thc d:r) 'xf ld is xn indircct mcasurc of
hu,nidity. I hc chxrt bclow ciLn bc uscd iN a gltide for
stlrtinS ovcrbcad sprinklcrs in gripls t() nvoid dtlmige
f i(nn xn ini t i , r l  tcmpcrxturc dft)p. ' lhe dcwpoint tcm-
pcranrrc ljivcn nt thc l:oo pit or lxrcr lrost lorccrst
c: ln bc uscd. Stxrt  spr inklcrs x dcgrcc or two sooner
if d1c tc'npcrNture is dr()fping f:rst xnd it tirkcs more
thxn 5 ro tO or inntcs bct i ' rc spr inklers N.c running:rt
ful l  prcssurc Ihis txblc ( 'n ly rppl ics whcn : t  f rost is

.Slopplng spri,lklcls. Only afrer sunris€, if rhere is no
wind irnd thc rir lcmpcr:rtur€ outsid€ ihe treated area
has cli,Ibccl ro l2' F, is ir s:rfe to end sprinkling. If ir
is windy, w:rit unlil thc air lc,npcrature has riscn Io
3.t'F. It is not ncccssary to wait until;rll icc has mcltcd.

Pcsolfa)i,'s. Sources of water for irrigation also can
provid€ wxt€r for frost protection. Howcver, many
vineyards in the norft coast counties ar€ nor irrigated,
although an increasing number are b€ing brought

Sra.dng tcmpc.atu.c

1 5 ' F
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under irrigrtion as water rcsources :lre dcvcloped.
Adcquxtc slpplies of undcrground water for irrigx
t ion exist  only in certr in gcogcaphic areas. In other
arcas. q'atcr is itlilxble from rivers (for drose with
watcr rights). from supplics impounded by dams. or
from nc;rrb)' crccksi but rvrihbilir) is usurlly r(strictcd
[o rhc t3rl] pirt of the growi'rg sc:$on. Vhcn divcrtcd
to resefvoir snlrngc, w:rtcl tioln those soufccs c:ln
provide frost p() tect ion in the spr ing, cvcn though
tllc sLrpph nl.tf not be adequx(c ti)r scason:rl irrig n)n.
$r 'h: i tcrcr thc source of\ \ ' r tcr,  i t  \ \ 'ould bc prudent to
drtermior b\ l : rborxtorr:rnxlysis \LhcIhrr lhc chtm-
icalquxlitl (t thc \':ucr is sulirirclorl filr vincy:lrLl |lsr.
I lccausc (, f  lhc di \  crsi t ) '  of  srnrccs xnd thc widc cost
rrngc in () lnxining Nrt(r  rnd crnve) in8 i t  1()  thc vinc'
yxrd rcs(rv(, i r  r i tc.  Ihis stud) ( l ()cs not considcr thc
inyrsrf lcnt i f l  lxci l i t ics nc(( icd r()  dcl i ler Nxrcr to thr

Resen'oir rrl).dt.)'. A s rlcr rcquircmcnt of xt lcnst
2,000 gpnr (5{)gptn pcr NCrc x -t(} xcrcs) is r)cc(lcd t(}
simukxncouslv Frotcct io xcrcs ()fvines. vith i smrllcr
cont inuous $ xtcr suppl l .  i lX) gpm for cx:rmPlc, thc
constructi(D of r rcscrvoir is x ncces$ity. -l hc reser-
voir and $cll pump sh(nrld h:rvc the cap:lcity t() pro-
tcct for xt lcxst IO hours-lrll night during u scvcrc
frost or fof x succcssior'r of frost nights.

Thc rcscrvoif crp,rcity nccdcd dcpcnds r)11 thc
xmount ol rvcll ()r rivcr) w:rtcr avnilablc duriog ,r
f rost.  For cxinrplc,  I  \ r ,c l l  pump with a {00 gpm
cip:rcit) nccds x rcscrvoir with x 2.9 acrc'f(xn' cxPrc-
i t ] ' ,  $hi lc : r  I  , (XX) gpm wcl l  punrp nceds onl)  x 1.8

'An dck.foor i"q!t((hc imount of wNtc. (orcrlng .. icrc ooc
n! ) t  decp)cqur ls  l25 , t l t l  gx l lo .s

acre-foot reservoir to have sufflcient water for a l0-
hour frostp€riod.

A gower c,rn cxpect to operatc a sprinkler systcm
:rn csrimated .{2 hours during thc frost pcriod. That
csrimate is bascd on fi€ld expericncc and on studies
of the numbcrs of cold niShts (32'F or low€r) re-
ported by thc National wexthcr Scrvice in its :rnnual
.cports for Nxpl, Sonoma, and Mendocino county
strtbns. 'Ih€ durrtion of usxgc mxy be sonrcwh,rt
grr:rter for sprinklers than for wind fixchiflcs.'Iher€fore, if w:[er is obrxincd from an imF)und-
mcnt with no wcl l  or r iver wrlcr xvai lablc during the
f.osr per iod, thr rcservoir  must hold cnough wrter
lbr the esti,natcd 42 hours ol frost. Many growcrs
prefcr an impoundm€nt th:rt holds cDoogh wxtcr tbr
60 hours. An impoundment reservoir that holds 22
xcrc fcet has cnough cxpacity &) protect 40 acrcs for

Reseruoir arc.r. lbout /r &) % icrc of lind is rcquircd
for a l2-foot-dccp rcscrvoir holding 3 :rcrc-fce(. Gcn-
crr l ly,  8 m |  2 f tct  is xn opt imun deprh for rhis sizc
of rcscrvoir ,  s incc thc slopcd sides would rcquirc
nx)re lxnd spxcc if it wcr€ dcepcr. A 2o-acre'foot rcs-
crvoir, 16 r() 20 fcct dccp, with 2-to-l sidc sk)pc!i,
rcquircs a Iittlc ovcr 2 acres ofsprcc. An {t-foot-clccp,
2(f.rc.c-foot rcscrvoir rcq irei over 3 xcrcs ofltnd.

Vlnd machlnes ind heatcrs. '[hc orchrfd hc:rtcrs
uscd in this $tudy Nrc thc reiurn.st:lck type. Thcy r;rdi-
:rtc hert to vincs cfficicntly and, whcn propcrly opcr-
r((d, mcct thc rcq$ircmcnts of most smog control
distr icts.  Twcnly to 25 hcatcrs pcr acre, considcrcd
r r(ir{ xhl( nLrnrl\'r f(,r lh( no h (oxsl 8(xpc-8r,)win8
arcN, give op t() 4' n) 5o F protcction when uscd with

rig.2, Thls mov.blc wlndm..hln. ts sltu.t.d ld. vlrcyard.v€nu., Notc two slmil.rm.chl..s io thcb.ctArouod, @d rhc pll.c-
m.nt of .€ru.d-sr.ck hearcs.



a wind machin€. The heaters ere evenly distributed
through the vineyaadexccpt elong the edges, where a
grearef concentratioo is ncedcd. Heatcrs should not
be placed within 100 fect of the wind mxchine. A
wall of srrongly rising hot air from heaters too close
to the machine will div€rt its air blast upward out of
the vineyard,

The costs of tower-mounted and sround-levcl
wind machinec h:rve been comprred. brsea on delivery
ofb€tween 8 and lO fanlrp per acre. Two dual, tower-
mounted wind machines Sive more economical cov-
erage than four singlc-en8ine tow€r mounts on a 40-
ecre, squate vineyard. The dual machine bas two
cngines and fans on asingle tower(see fig. lr.

\yind machin€s are operatcd an estimated 30
hours per season during rveraSe frost years. Heater
use in coniunction with wind machincs is figurcd on
the basis of all heaters burning rhe equivalent of 15
hours, although only a portion may be lighted at any
one time. As t€mperaturcs fall on a cold night, wind
machines are turned on and the t€mDeratures arc
carefully waiched at thermom€ter staaions. If tem-
D€mtufes femrin slablc at 32 "F of above. heatefs nfc

not lighted; ift€mperatures decline below 32oF, heat
is add€d to the protection system.

Smoke nuisance. Every Srower who uses heaters
should do more than simply abide by the regulations
ofthe Air Pollution Control District. To maintaingood
relxtions with urban neighbors, growers should do
evcrything possible to hold smoke nuisance at th€
absolutc minimum,

smokincss depends onl
. burning rates-exccssivc burrlinS r:rtes produce

. soot rccumulation-frcqucncy of cleaning de-
pends on the type ofheater rnd rate ofburning.

. air leakagc-lcakagc incrcncs soot :rccumulations
rnd smokc and makcs it difficult to accurately
control burning rxtcs,

wind-stack-type herters arc more smoky in r
brceze than during calm weathcr,

Fla. t. Pcm.ncody l.rt.U.d, .owcr-oountcd, du.l<agl.c wlnd m..Irln. ln. vlncy.rd. Notc sdood m.chlnc ln rh. ccrr..



Regulat€ return-stack and other hot-stack types of
heaters one minrte after lighting. Burning rates should
bc conrrol led by opcning lhe drrJt  regularor a mai i .
mum of I to 1'l holes. Check h€aters regulady during
lh€ night and adiust to control burninS rates or to
conserve fuel if tempcratures can be maintain€d-

If more heat is n€€d€d in th€ carly morning, it is
bcner to light more heaters than to opcn regolarors
too far. Ifthe oil is low in the bowls and there is some
rcsidue, opening thc regulators usually produces ex-

R€turn'stack hcaters need little cleaning if prop-
erly operated-probably not morc than one cleaning
ev€ry two or thrce s€asons of use. Jumtx) Cone heat-
erc, on the other hand, should be cleancd evcry 20
horrs ofnormal burning, thxt is, evcry seison of use.
Lnzy-flame heaters nced to be clclncd :lftcr 8 to l0
hours of normal burniog to stay within dlc lcgal limits

Costs of frost protection

The total costs of frost-protection operation are in,
cluded in tables 2 and 3: all cash costs, labor, whether
hired or family, and deprecixtion and interest on the
investment.

In tabl€ 3, the enrire cost of the sprinkler system
is charged to frost prorection ev€n though the system
also may be used for itrlgation and sNmmer cooling,
Th€ labor rate of $7.35 and $8.60 for night work per
hour includes social security, workmen s compensa-
tion, and other fringe benefits.

All invfstments ar€ based on costs of nfw fquip-
ment; individual growers may reduce some costs by
purchasing used €quipment,

Tables 2 and 3 detail the seesonal costs for Derm-
ancnt spr inklcrs and for e combinrr ion of wind
machincs and heatcrs.

IADLE t. Pe..Ac.. hvcsrfreot.od Opc..rln8 CGts fo.
Vln.v..d F.osr Prorccrlon wtth. Pcrm.n.nr

Sprlrkle. Sysrcm-6$.d on 4o-Acrc vlney..d

Annu.l ovc.head
Dcprccl- r3%

Itvcslmer(.ost pct acrc lrlon ttrr.r.st
Rrscrroi. (15 acr( tccr)-Jo yrir lifr t :t75 I t2 t 2,1

TAALE 2. Pcr A.rc lov.srfrent.nd Op...daA C6rs aor
Vlncy.td FrGr Prot.cdoo Ustoa. Combln.tlon of

to*.r-Mount.d wlnd M.chlnes.od dc.rcB-Af cd
on 40.Ac.c vlo€yard

Inv.slmcot.ost p.. a...
Dual*ind ne.hinrs (2 pc.,{0 ic.cs)

R.turn-na.k hcrtcB, 20 @ 125

Oll storag( tank- l0-yr llfc
'hnk trailcr-r0-yr lifc
'Ihc.momctc.s, alirms, ctc.-10 yr lllc

Tot l

Annlalovc.head
Dcp.ccl- lt%

.ilor lnt.t.st
r f .26,1 '34 t  1 t2

450 22 29

2 0 2 1
2 t 2 t
r a 2 l

, r : l7o at tz  t l l4

MxinliN l:tfi)
I-stcrds,.i*rs,sprinklc.hcads 65t,
Insrxllirioo 4d)

Tol2l op..2ttng <o3t pcr ..r€

_!a 70 e2
t l , 7 a t

l2lt

4155

Op.ntloS.ost pcr..r, b&d on 30 hB p.. k.mn P...c.c
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COOPERAIIVE EXTENSION UI,IIVEFSITY OF AALIFOBNIA

This lnfolmalion ispfovid6d by Coop€rativs Ext€nsion, an €ducational agency ol th€ Unrvelsity or Catfom a and rhe Unir€d Sral€s
Ospadmenl ol Agdcullu€. Suppon ror Cooperallv6 E ension ls supptlgd by tederat, siare, and county gov€nm€nrs. Coopsra|vs
Exlension providos lho poopl€ ol Calilonia wilh lhs lalesl scientilic nfomatlon in agriculture and famllyand comsume. scrences, I
alsosponsors lh€ 4-H Youlh Plogram, Coop6€llvs Enension ropros€nlatives, serying allountios in Calilornia, ars known as farm,
home, of youlh advisors. Their ofiices usua ly ar€ locat6d in lhe @uity sar. Th6y will be happy ro provid€ you wilh intomation in rhetr
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