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Florida ranks second nationally in fresh market vegetable production with 192,600 acres planted with a value of $1.4
billion in 2008-09. Seventy percent are grown in southern Florida with a harvest season from October to June during
which growers may have to deal with hurricanes, droughts, and extremes in temperature. The objective of this survey
was to document the effectiveness of current freeze protection methods for vegetables grown in southern Florida. During
the 2009-10 season, freezing temperatures were recorded on 11 to 13 Jan. in Collier, on 10 and 11 Jan. in Miami-Dade,
and on 13 Jan. 2010 in Palm Beach County. Adding to the problems caused by the freeze(s), the season was atypically
cold, which slowed or precluded recovery of many crops. Losses and damage crops (acres/year) included: 0 to 35% and
0 to 100 % (Southwest Florida), 60% to 90% and 5% to 10 % (Miami-Dade) and 0 to 30 % and 24 % to 70 % (Palm Beach
County), respectively. The most common method of freeze protection was elevated water tables. In all counties, there
was limited use of row cover/hoops, Styrofoam cups, compost, soil and hay cover, tissue paper, chemical treatments,
solid set irrigation, helicopter flights and hill cultivation. The effectiveness of current freeze control methods provided

poor to fair protection in Southwest Florida and Miami-Dade, but fair to good protection in Palm Beach County.

Florida’s fresh vegetable market season is from October to
June with the greatest production from November to January
and April to May (Ozores-Hampton et al., 2007). The vegetable
industry experiences occasional extreme weather events, espe-
cially hurricanes and freezes (Hansen et al., 1999). Frost refers
to the condition that exists when air temperatures drop to the
freezing point of water (32 °F), or lower, but which may or may
notresultin freeze damage to crops (Bootsma and Murray, 2009).
Vegetable growers can potentially suffer losses due to chilling
stress or frost/freeze from November to January when vegetables
are at various stages of development (Hansen et al., 1999).
The National Weather Service Office in Miami-Dade reported
that the most probable time period for frosts and/or freezes in
southern Florida is 1 Dec.—15 Mar. with a cold event likely to
occur somewhere in the area on a biennial basis (R. Pfost and R.
Biedinger, personal communications). These weather events are
difficult to predict, but damage to the vegetable industry can be
severe. An unanticipated freeze that occurred on 19 Jan. 1997,
for example, caused $200 million damage to Florida’s winter
vegetable industry and displaced thousands of migrant workers
(Sharp, 1997). During the 2009—10 season, a long stretch of cold
weather affected southern Florida between 4 and 13 Jan. 2010.
Freezing temperatures were recorded 11 to 13 Jan., destroying
an estimated 30% to 40% of round plums, cherry and grape to-
matoes (Lycopersicon esculentum L.) for important production
areas such as Collier, Palm Beach, and Dade counties (Layden,
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2010). For the 4 months starting 1 Jan. and ending 30 Apr. 2010,
average temperatures were below those for the same period in
the preceding 5 years. There were a total of 82, 83, and 85 d
with average temperatures below “normal” as compared to the
5 preceding years in Belle Glade, Homestead, and Immokalee,
respectively (FAWN database, accessed June 2010).

The majority of the vegetables grown in southern Florida are
chilling sensitive crops species such as tomato, bean (Phaseolus
vulgaris L.), cacumber (Cucumis sativus L.), and bell pepper
(Capsicum frutescans L.), etc. Chilling sensitive plants are not
able to tolerate freezing of tissue water and are damaged at 32 to
30.2 °F and killed by temperatures of 30.2 to 26.6 °F (Bootsma
and Murray, 2009). Chilling stress can result from temperatures
between 32 to 50° F and has the potential to injure (even kill crops
depending on chilling intensity) through physiological dysfunc-
tions, leading to slow growth and development, resulting in low
yield, delayed maturity and harvest with poor quality produce
(Li, 1993). In tomatoes, 5—6 d of chilling stress (37.4/39.2 °F) at
anthesis can result in poor fruit quality (Li, 1993).

Protecting plants with frost/freeze methods can modify the
environment around the plant, favorably resulting in more rapid
growth, earlier maturity, and possibly increased yields as compared
with no protection (Hochmuth et at., 2009). Success and the ef-
ficacy of frost/freeze protection depend on several factors such
as type of frost/freeze event, radiational or advective. In general,
interventions are more likely to be effective in a radiational event
vs. an advective one. Radiation freezes are characterized by clear
skies with dry air (Bootsma and Brown, 2009). Often the day was
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Table 1. Weather conditions noting deviations from the previous 5 years for the period from 1 Jan. to 30 Apr. 2010, including minimum tempera-

tures the week of 10-16 Jan. 2010, by FAWN station location.

1 Jan.-30 Apr. 2010

Minimum temp

No. days with below

No. days with below

No. days with below [total duration (hrs) <32 °F],

Location/county avg temps at 60 cm  avg minimum temps at 60 cm  avg dew points at 2 m week of 10-16 Jan. 2010
Belle Glade (Palm Beach) 82 76 61 29.7 (5 h — 1 night)
Homestead (Miami-Dade) 83 78 67 31.0 (7 h — 1 night)
Immokalee (Collier) 85 69 60 25.7 (27 h over 3 nights)

warm and pleasant when the sun was out. After sundown there
was no mixing of the air and temperatures fall rapidly until reach-
ing the dew point, past which the temperature drop will slow as
water is condensed out of the air as frost. A generally accepted
rule of thumb is that the temperature can fall around 20 °F from
that at sunset. Even the passage of a few clouds will raise the
temperature and reduce damage. Advective freezes occur when
a large, dry, cold air mass, several thousand feet thick, moves
into an area with windy conditions (Bootsma and Murray, 2009).
When this occurs, the air temperature was often colder than the
plant temperature. Under such conditions, site location, as well as
many frost protection systems, were of little benefit. Therefore,
the objective of this study was to describe the effectiveness of
the current frost/freeze protection methods during a frost/freeze
event in southern Florida.

Materials and Methods

A formal and informal survey was conducted 2 to 8 weeks after
the freeze on 11 to 13 Jan. 2010 in Collier, Hendry, Lee, Glades,
Charlotte, Palm Beach, and Miami-Dade counties. The survey
questionnaires included questions on lost and damaged acreage
by crops, freeze protection methods used during the freeze event,
cost per acre, and the effectiveness of the methods by crop and
plant developmental stages. The survey was conducted in person,
phone, and e-mail. At least 60% of the vegetable acreage in all
counties were covered in the survey. Temperatures were obtained
at the 24 inches above soil level from the Florida Automated
Weather Network (FAWN) for all the counties.

Results and Discussion

The persistent cold weather, day and night, had pre-chilled the
ground and the cold damage to the vegetables was the hardest
on the morning of the last day of the period, which was 11 Jan.
2010 for Collier and Miami-Dade, and 13 Jan. 2010 for Palm
Beach County. Table 1 lists the number of days that average and
minimum daily temperatures were lower than in the previous 5
years and also the lowest temperature reached during the Jan.
2010 freeze(s) and the number of hours at or below freezing
temperatures as recorded by the FAWN during the week before
and after the frost/freeze event. The FAWN site for Immokalee
recorded 27 h at or below 32 °F over a 4-d period starting on 10
Jan. 2010. The Southwest Florida area acreage losses were 0 to
35% and 0 to 100% acreage damage, based on total vegetable
production for the year, respectively (Table 2). At the FAWN site
in Homestead, there were 7—8 h at or below 32 °F. The Homestead
area acreage losses were 60% to 90% and 5% to 10% acreage
damage (Table 2). In Palm Beach County, there were 5 h lower
than 32 °F. According to FAWN, the coldest temperatures were
25.7 (Immokalee), 31.0 (Miami-Dade), and 29.7 °F (Belle Glade)
(Table 1).
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Table 2. South Florida percentages of total acres lost or damaged by
county and vegetable crop during the freezes from 11 to 13 Jan. 2010
(as a percentage of the yearly total).

Total Acreage Acreage
acres loss damage
Crop (total no.) (%) (%)
Collier, Hendry, Lee, Charlotte, Glades counties
Tomato, round 20,000 15 15
Bell pepper 7,000 20 20
Hot pepper 3,500 15 15
Squash and zucchini 2,500 25 5
Potatoes 4,500 0 100
Bush beans 13,000 30 0
Sweet corn 3,000 30 0
Cucumbers 1,500 25 5
Watermelon 13,000 10 20
Cantaloupe 2,000 NP NP
Eggplant 1,200 35 5
Misc. vegetables 7,500 5 15
Total 78,700 0-35 0-100
Miami-Dade County
Tomato, round 2,267 90 10
Tomato, grape/cherry 1,133 90 10
Bush and pole beans 20,300 60 0
Squash (all) 5,000 60 0
Sweet corn 2,610 90 10
Boniato (sweetpotato) 3,000 60 5
Total 32,585 60-90 0-10
Palm Beach County
Pepper 5,000 0 70
Sweet corn 40,000 29 44
Leafy greens 10,000 26 60
Celery 2,500 26 62
Radish 10,000 30 70
Tomato 2,000 27 63
Chinese vegetables 1,500 23 70
Basil 100 43 43
Squash 2,000 18 27
Cucumbers 3,000 16 24
Total 76,100 0-30 24-70

Damage to crops with no freeze control methods applied
ranged from none (cool weather leafy greens) to complete loss
depending on the crop (Table 3). The primarily reason for crop
losses and damage was that the majority of the vegetables grow-
ing in South Florida were chilling sensitive warm-season crop
species such as tomato (Fig. 1), bell peppers, bean, cucumber,
squash, and eggplants, etc. Chilling sensitive plants were not able
to tolerate freezing of water tissue and were killed by a 30.2 to
26.6 °F frost (Li, 1993). Chilling stress can result from tempera-

129



23nd jxau U0 panunyuod ¢ |quJ,

SAISUUI Joqe] A1oA — puey Aq uoneorddy
Surzaaay aaoqe sdwa) Je uoneuIog 3so1j onpatyuasard djay ey

sdoy oy uinq ‘sage pjo swoqoid 210N

"MO[oq

10 , 8T 1e A[o10A9s paSewep syue[d339 ¢soojewo) 29 sroddod
uey) pod Jo Juerd[o) ssa sdoy ay) wing ‘seSe pjo swajqoid 1o

*JOU PIP QWOS 29 PIAIAINS sjue[d SWIOS SINSAT [qRLIBA

‘surer KAea 10 p[od paguofoid Jo uoTEINp POPUI)XA IO SAZAATJ
QATIOAAPE APUIM UT JATIOILA SO “dOID [IIM JOBIUOD UT SBATR UINg

UMOID
jou Jnq seAe9] winq ‘uonesrjdde 105 ajqe[rear Juowdinbe 29 Aey

"UMOIO JOU N SIABI[ UINq ‘saSe pJo aFewep IO

"UMOID JOU JNq SIABI[ UIng ‘safe p[o aFewep IO
*JOU PIP QWOS 29 PIAIAINS sjue[d SWIOS SINSAI [qRLIBA

‘SpuIM p[od SuneddIsap Jo $193132 2onpal djoy AN
“TOMO] 10 , $¢ 01 poo3 ‘puey Aq uonesrjddy
10ds [eLI2)oRq paseaIdul pue puey AQ pRAOWY

‘puim ynm Aeme Ay ueo sdn)

*KoeoyJo/uondjord 9onpar ued 9za31j Jurpaedord

urel ‘armjeraduwd) 1mo] e uondold a1ouwr SAIS ssauoIy)
IQIABQY ‘SUONIPUOD APUIM UI dSn 03 JNOYJIP pue uonodjold

poo3 AIoA
1004

1004

e
100d 01 9[qe1dasoe JoN

pooS3 AIoA
Teq
1004

e
100d 01 9[qe1dasoe JoN

08 Jue[dpeays |

0€ [°qeT

Sl B/u

9 B/u

QuoN v/u
sjupds3sg

Suroeds mox
0021 uo spuadoq

0S1-001 oIoe/s9red CI-01

ST e/u
9 e/u
QUON v/u

s4addad joy pup siaddad jjog

1004
pooS3 AIoA

pooH

poo3 AIoA

0S-0€ [oqeT
08 wuerdyeays |
0zl uerd/qr ¢

00¢ Dhom\wmso 00S¢

Suroeds mox

(sexess ou) z1>
sagde [y

sage [y

sagde [y
sagde [y

sa3e [y
sage [y
sa3e [y

sagde [y
sagde [y

sa3e [y
SyM ¢
PIO $3M ¢€—C

PIO SYoom ¢—C

Kipuoy
KIpUsay pue Ja1[[0D)

ape(q 1daoxa [V

ape(q 1daoxa [V
v

ape-Twery 1deox? [y
110D
ope-rwrery 1dooxa [Ty

ape-Twerjy 1dooxa ‘v
v

[1os pue 1adeq
1addop

auore dup 1o dup pue
SO[qe) JOJBM PAJBAIH

(o5edoas) .8 01
So[qe) 19JeM PABAR]

SurpoN

(0 ¢*()) sdooy y3Im I9A00 MOY

KeH

quore dup Jo dup

pue So[qe} Iojem PoIeAd[q
(o8edoas) .8 01 sa[qe)
SO[qE) JoJeMm PAJBAJ[H
SurpoN

(ano01g 97031 9y dox) ‘Jontway)

v
KipuoH

191100

v

paen) sodep ‘1eddo)) eorway)
[1os pue 1odeq

1sodwo)

(188 1) s1od A1asinu

/S9X0q 1N0aYe}/(Z0 9
sdnd 99JJ00 WeojoIklg

sso ‘doId ) YIIM JOBIUOD UT Seare uing ‘sdoId Iop[o ur 11eg PooS A19A—poon) 0021 uo spuado saSe [y ope-Twery 1dedxa [y (z0 G'()) 10A0D MOY

*Sp[Y Iop[0 107 135 jou pIp sdord

nq ‘poo3 sem douereadde [enrur 9zoa1y 1233y *do1do ur oudpIour
QSBASIP PUL U0 PAUIN) SeA UOT)EILLIT Uy M U0 Surpuadop ‘a[qeriep  Irej 0) 100d woly o[qeriep WStu/g/ /.10 saSe Iy A[uo Kyuno)) ape(-TWery uoneSLLI 1S PI[OS
sode Quore dup 1o dup pue
pro swajqoxd axow ‘(swaqoad viuim.g) Areriowr 95001 01 %0S 1004 ST B/u saSe [y ope-Turerjy 1deoxa Iy SO[qe) J9JeM PAJBARH
*QAOQR 10 ], 67 JO sermeraduwid) yim 1s9q syIom ‘sa3e J9p[o ul (o8edoas) g 03 oSewep
arow ‘[rey sayour ()[> sdoxo 13unoAk uo Ajerrow 950 03 %G poo3 0] J1eJ 9 B/U sage [V ape-Twerjy 1deoxa [y S3[qe) Jojem PAIeAd[T
JOU PIP QWOS 29 PAAIAINS Sjue[d WIOS $)[NSAI J[qRLIBA 100d 01 91qe1dasoe JoN QUON B/u sagde [y nv SurgoN

2dn.8 puv punod ‘saopuioy,

sjudwuIwo)) Suney ($) 2108180 AI08/Q1eY (syoom) Auno) poylow
juowdoroaap [013u0d
jueld 7321

‘(91qe1da0oe JON] pue 100 ‘I, ‘POOD) ‘Po0T AISA :Sumey) senuno)) yoraqg wied pue ope([-IWeIA ‘epLIO[] 1S9MYINoS '€ 2[qe],

2010.

Proc. Fla. State Hort. Soc. 123

130



‘pa1p sjueld 1004 0€ 19981 so3e [V ope( 1daoxa Iy 12ddop

‘surel AAeay 10
P02 paduojoid Jo uoneInp papuIlXe IO $IZIAIJ IANIIAPE Suroeds mox oy s[ouun (zo §°()
Apuim ur 9A1IJQ ss9f 29 do1d Ay Y3rm 30BIUOD U SeaIe wIng poo3 AIoA 0021 uo spuado( sage [y ape(q 1daoxa [V sdooy pue 10400 MOY
‘parp sjued 1004 9 B/Uu sage [y ope( 1dooxa [y (o3edaas) .8 01 sI[qeR) 1Jem PAJBAI[H
‘parp sjued 91qeidoose-uoN QUON B/Uu sage [y nv SurpoN

1svqg

Ho €€7CE
0) JUB)SISAI P[OD SUARIT AJeaT Iayieam ay) £q paidajje JON poo3 AIoA 9 B/Uu sagde [y ape( 1daoxe [Ty (3edaas) .8 01 SI[qe) Jojem PAIBAJ[T
JoyIeaMm ) AqQ Pardjje JON poo3 AIoA QUON B/Uu sagde [y nv SurgoN

suaa13 Kfpa
*SINDO0 FUI[IYD uoneIpel UdyM SIYSIu 1Inb uo syrom A[uQ poon) €8 J[qrLIBA sage [y AJuo yorag wyed syy3ry 101doorjoy
"IOA0D 0} [10S SuIy[Iy oY} I0J yS1y oouy
ySnoua mof stjurod y)moI3 ay) ey SuI0d JunoA 10§ 19133 SHIOA poon 01 B/U M0[2q 29 SUnox KJuo yoeag wieq Sur[y uoneann)
‘AUO SJUQAQ [eurSIew yim sylom ‘syued Sunok 10y 1sag aeq 9 B/U sagde [y ape( 1daoxe ‘I (a8edaas) .. 01 SI[qe) Jojem PAreAd[q
paip siue[g s1qeidasoe-uoN QUON B/U sagde [y v SurgoN
(71 sCvwi D7) UL0D 129MS

“19119q oy} 1oyo1y) Ay ‘uonedrjdde 10y ojqefreae juawdnbo pue Ae poony Joqe[snid g Q1ov/sored Z1-01 sa3e [y 19110 KeH
wniyidg pue wnLIpsy,J PIOSEIdUT pue puey Aq JOAOWY poon 0zl uerd/qr ¢ PIO SyMm ¢> I91[[0D 3sodwo))
‘uono9joid asearour pue purm (zo 91) syuefd 1o3Ie[ 10J SOX0Oq
90NPAI 0} [I0S YIIM I2A0D UBD — puim yim Aeme A ued sdn) pooS3 AIop 00§ aroe/sdnd 0S¢ PIO SyM ¢> KIpusH pue 121[[0D) oaye) ‘sdnd 991J0d weojo1klg

395 31y 100d
pue ‘aseasIp Jo 9ouaprour y3iy ‘suonejoadxs o3 dn 9A1[ Jou pig 1004  IY31u/aI108/G/ .10 SYM 9~ :Sunox A[uo ope(-Twer uone3LUI 39S PIjoS
*9Z901) P[Tw IS0} YD1 sd[ay ‘saABJuINg ‘s93e po swa[qoid 10N poo3 0} J1eq 9 B/Uu sage [y ape-twery 1dooxa ‘[Iy  (o5edoss) .8 03 SA[qe) 10jem PAIBAI[H
paIp syue[d 91qeidoose-uoN QUON B/Uu sage [y nv SuryloN

w1yoonz puv ysonbg
*SINDO0 JUI[[IYD uoneIpel uaym syystu 1arnb Je syrom A[uQ poon €8 J[qRLIBA sa3e [y KJuo yoeag wied syy3ry 101doorjoy
*9SBASIP JOOUIPIOUT YSIY PRy PUL IS UpIpINg ‘poos Joo[ A[[eniup 100d  JyStu/eroe/g/ /.10 woo[q 01 dn AJuo ope-1WerA UuoneILLI I35 PI[OS
*9z221) Surkuedwodor 1ayieam Apuim/plod jo sporrad sjueld 1o[eWws
POPUIXD PUE 1, §C MO[q JANIIJJO SSI[ ‘SJUOAD }SO0IJ PUL 9ZAIJ U0 159q ‘9ZIS U0 (o8edoss) g 01
[eurSTew ur)saq quing sdoy Ay a1y m ‘sage sopjo urswoqoidarojy  Surpuadop poos 03 Jrej 9 B/Uu sage [y ape(-Twery 3deox9 [V SQ[qe) Jojem PIBAJ[H
paIp sjue[d 91qeidodoe JoN QUON B/Uu sage [y nv SuryloN
suvaq ysng
sjudwuwo)) Suney (¢) 2108180 AI08/Q1eY (syoom) Auno) poylow
juowdoroaap [01U0D 9Z331,]
ueld

-o5ed snoraaid woly panunuo)) ‘¢ J[qe],

131

Proc. Fla. State Hort. Soc. 123: 2010.



Fig. 1. Aerial view of tomato damage in Immokalee, Collier County. Photo:
Philip Stansly.

tures between 32 to 50 °F and have the potential to injure (even
kill crops depending on chilling intensity) through physiological
dysfunctions, retarded growth and development, resulting in low
yield, delayed maturity and harvest with poor quality produce
(Li, 1993). In some cases, the lower portion of the plant may
survive (crown), but not upper parts on crops such as peppers and
eggplants. Some fields had scattered surviving plants, but would
have needed to have had existing fruit removed along with dead
tissue, practices that would be cost prohibitive.

Elevated water tables to 8 inches were the most common under
seepage irrigation and least expensive freeze protection method
in all counties in South Florida, except Miami-Dade where it
cannot be used due to the lack of a perched water table. Seep-
age irrigation was possible in most of southern Florida because
vertical water movement was decreased by an impervious Spodic
layer at an average depth of 3 ft resulting in a perched water table
(Ozores-Hampton et al., 2009). Elevated water tables were the
least effective method and the lower of the water volume applied
(such as drip) the less protection was obtained for most of the
crops, except leafy greens (Table 3). In general, application of
water provided only a few degrees of protection and was less
effective the lower the temperature and the longer the duration
of the freezing temperatures. Elevated water tables and drip or
drip alone performed best with frost and marginal freezes. This
method works best with temperatures of 29 °F or above, for all
crops and developmental stages, except in a sensitive crop such
as basil (Ocimum basilicum L.), damaged at 38 °F or below.

Many tomato and a few bean and squash growers used overhead
orsolid setirrigationin Miami-Dade County (Table 3). This method
employed a high volume solid-set irrigation system with a water
delivery rate of 0.1 inch per hour. It was commonly used from
December to February (Li et al., 2009a, 2009b; USDA, 1993).
The cost was approximately $75 per acre per night of use. The use
of overhead sprinkler irrigation for frost protection could carry
a risk of doing more damage than the frost might otherwise do
(Parsons etal., 1985). The principle of sprinkler freeze protection
was that relatively warm water gives up heat upon contact with
the colder air and/or foliage. When the temperature dropped to or
below freezing, the water froze and released the heat of fusion to
the leaves and fruit. Sprinkler irrigation should be started before
the temperature dropped to freezing and run until the ice melted
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the next morning. It was also important that sufficient water be
used for clear, rather than cloudy, ice to be formed. Particular
attention must be given to the predicted dew point temperature.
If the predicted dew point was 5 °F below the anticipated low
temperature, sprinkler irrigation would cause evaporative cool-
ing and aggravate the cold injury rather than prevent it (Parsons
et al., 1985). This was particularly true under advection freeze
conditions. Tomato growers were reluctant to water plants that
had already been exposed to bacterial pathogens as a result of
heavy rainfall in December, so some may have delayed the time
at which pumps were started. There were actually two points at
which temperatures fell to or below freezing, between 9 and 11
pM on 10 Jan. and starting at 2 am on 11 Jan. 2010. In general,
tomatoes, beans, and squash had reduced yields because the ir-
rigation used for cold protection increased the incidence of disease
(M. Lamberts, personal communication).

Covers have been shown to be most effective and the thicker
grades provide the most protection (Hochmuth et al., 2009;
Parsons et al., 1985; Wells and Loy, 1885). Covers were used
in Collier and Palm Beach in tomatoes, peppers, and basil (Fig.
2). Row covers were prone to be blown by the wind and soaked
by the rains, which often preceded cold fronts, and were then
pushed onto plants, reducing the level of protection. They were
also the most expensive at about $1200/acre (Table 3). Basil was
a crop very sensitive to cold damage below 38 °F. In Palm Beach
County, some basil growers were able to protect basil from cold
damage using low tunnels, at temperatures as low as 35 °F during
the Jan. 2010 cold weather, whereas unprotected basil had 80%
to 100% losses (D. Sui, personal communication).

Innovative systems for protecting crops from freezes include
covering individual young plants (less than 3 weeks old) such as
tomatoes, eggplants (Solanum melongena L.), and squash (Cu-
curbita pepo L.) with Styrofoam cups, nursery pots, paper, and/
or soil and compost, which provided a good to very good degree
of protection (Table 3). This winter, these methods proved to be
effective to temperatures as low as 24 °F with freezing tempera-
tures for 8 h or more (G. McAvoy, personal communication).
All were laborious to apply and removal cost ranged from $80
to $300/acre. In addition, the Styrofoam cups or pots could be
blown away if not capped with soil (Fig. 3).

Chemical freeze control methods were used in all counties on
tomatoes and bell peppers because it was an attractive method
with relatively low cost of $30-$50/acre and ease of application
(Table 3). Hundreds of chemical products such as growth regula-
tors, root stimulator, bio-catalyst, copper-based fungicides (acts as
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Fig. 2. Row covers and hoops (0.5 oz thick) or low tunnels protecting basil in
Hendry County. Photo: Monica Ozores-Hampton.
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Fig. 3. Styrofoam coffee cups (16 0z) protecting young tomato plants (3 weeks
or less) in Immokalee, Collier County. Photo: Philip Stansly.

an anti-nucleating agent through its effect on nucleating bacteria),
potassium (liquid form of potassium silicate), anti-transpirant
(latex and acrylic-based creates a coating of protection), heat gen-
erating chemicals (tri-sodium phosphate and tri-sodium chloride),
and oils have been used to increase cold hardiness of vegetable
crops. Copper was the most popular chemical across vegetable
crops. These chemicals have been claimed to have the potential to
provide freeze protection and prevent crop damage by unknown
modes of action and some may help reduce desiccation from
cold winds. However, inconsistent results over the last decades
have precluded the widespread use of chemical frost protection;
and growers should be cautious about believing the promotional
claims of these materials. The majority of these products need
to be sprayed days or weeks in advance of freezing. Also, when
heavy rains follow the application, the product was washed off
and it became ineffective unless reapplied.

Helicopters were used only in beans and sweet corn in Palm
Beach. The helicopters were most effective against radiation
chilling by hovering or passing over the site at slow speeds (5 to
10 mph). However, helicopters must still be able to return over
a portion of a site about every 5 to 6 min before air stratification
re-occurred. The use of helicopters was a high-cost method of
freeze protection, currently costing over $800 to $1200 per hour
or $83 per acre.

Proc. Fla. State Hort. Soc. 123: 2010.

In conclusion, all methods had limits: the colder the tempera-
tures and the longer the duration, the more potential for crop dam-
age. There was a number of promising methods that resulted in
good and very good freeze protection that need to be studied in the
near future. The best, though not necessarily the least expensive,
method of freeze protection was the use of some form of covers.
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