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SUMMARY. The increase in U.S. 
demand for colored bell peppers 
(Capsicum annuum) has been satisfi ed 
with increased supplies from imports 
and increased domestic production. 
Greenhouse-grown peppers of red, 
orange, and yellow colors were im-
ported during the period 1993–2002 
at wholesale fruit market prices that 
were three to fi ve times greater than 
fi eld-grown fruits. With high market 
prices and a suitable environment 
for growing colored peppers under 
inexpensive greenhouse structures 
[<$40/m2 ($3.7/ft2)], up to 14 ha 
(34.6 acres) of greenhouses produced 
bell peppers in Florida in the year 
2002. To estimate the profi tability 
of a bell pepper greenhouse enter-
prise, a budget analysis was used 
to calculate the returns to capital 
and management. Production costs 
of greenhouse-grown peppers were 
estimated assuming the use of current 
technology applied in commercial 
greenhouse crops in Florida and in 
experimental crops at the University 
of Florida. Production assumptions 
included a crop of nonpruned plants 
grown in soilless media in a high-
roof polyethylene-covered greenhouse 
[0.78 ha (1.927 acres)] located in 
north-central Florida. For a fruit yield 

of 13 kg·m–2 (2.7 lb/ft2), the total 
cost of production was $41.09/m2

($3.82/ft2), the estimated return 
was $17.89/m2 ($1.66/ft2), and the 
return over investment was 17.1%. 
A sensitivity analysis indicated that 
fruit yields should be greater than 
7.8 kg·m–2 (1.60 lb/ft2) in order to 
generate positive returns based on a 
season average wholesale fruit price of 
$5.29/kg ($2.40/lb). For this price, 
a range of possible fruit yields [5–17 
kg·m–2 (1.0–3.5 lb/ft2)] led to returns 
ranging from –$9.52 to 30.84/m2

(–$0.88 to 2.87/ft2), respectively. The 
estimates indicate that production of 
greenhouse-grown peppers could rep-
resent a viable vegetable production 
alternative for Florida growers. 

OutsidetheU.S.,coloredpep-
perfruitsareextensivelypro-
ducedingreenhouses(Costa

and Heuvelink, 2000; Morgan and
Lennard, 2000; Nuez et al., 1996;
Resh,1996).Spain,TheNetherlands,
Canada,Israel,andMexicohavelarge
greenhouse areas dedicated to the
production of colored pepper fruits
whichareshippedtomanycountries
throughouttheworld,includingthe
U.S.(Table1). Greenhouseproduc-
tionofpeppersintheU.S.isminimal;
weestimatethattheareain2002was
approximately 50 ha (123.5 acres).
In1998,165greenhouseoperations
(14ha)intheU.S.werededicatedto
growingpepperswithatotalwholesale
valueof$4.8million(U.S.Dept.of
Agriculture,1998).Inthepresentre-
portwedescribeagreenhousesystem
forpeppers,reviewhistoricalprices,and
investigate thepotential forproduc-
tionofcoloredbellpeppersasaviable
vegetable production alternative for
Floridagrowers.

GREENHOUSES FOR PRODUCTION 
OF VEGETABLES IN FLORIDA.InFlorida,
although vegetables aremostly pro-
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Table 1. Area with greenhouse-grown bell peppers in selected countries that 
export colored fruits to the U.S. and area with greenhouse-grown peppers in the 
U.S.

Country Area (ha)z Source

Mexico 165 J.Z.Castellanos,personalcommunication
Canada 144 AgricultureandAgri-foodCanada,2003
Netherlands 1,200 Valero-García,2003
Israely 535 P.Imas,personalcommunication
Spain 10,000 Sánchezetal.,2000;Valero-García,2003
U.S.x 14 U.S.Dept.ofAgriculture,1998
z1.0ha=2.47acres.
yIncludeshightunnels.
xAnestimatefor2002wouldbenear50ha.xx
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ducedintheopenfield,afewgrow-
ers have been using greenhouses to
produce high value vegetable crops
[suchascoloredpeppers,BeitAlpha
andDutchtypesofcucumbers(Cucu-
mis sativus),andbeefsteakandcluster
typesoftomatoes(Lycopersicum escu-
lentum)]thataredifficulttoproduce
outdoors(Tysonetal.,2001).Thearea
ofgreenhousesdedicatedtovegetable
productioninFloridawasnearly31.8
ha (78.58 acres) in the year 2000
(Tysonetal.,2001).

PEPPER IMPORTS TO THE U.S. 
Consumption and imports of fresh-
marketbellpepperstotheU.S.have
beenincreasingoverthepast10years
(U.S. Dept. of Agriculture, 2001).
Fromtheyears1992to2002,thetotal
domesticuseofbellpeppersincreased
from 657,710 t (724,989 tons) to
903,747t(996,194tons)(U.S.Dept.
ofAgriculture,2003a)andtheannual
percapitafruitconsumptionincreased
from2.6kg(5.73lb)to3.2kg(7.05
lb),respectively(U.S.Dept.ofAgri-
culture, 2003b).TheU.S.Dept. of
Agriculture(2001)reportedthat24%
of Americans consume at least one
foodcontainingbellpeppersdaily,and
that10%oftheseconsumersusefresh
bellpeppers.

IntheU.S.,coloredbellpepper
fruits are considered specialty com-
modities(U.S.Dept.ofAgriculture,
2001).Foragrowingsegmentofpep-
perconsumers,thedemandforcolored
fruitshasincreaseddespitehavingtwo
ormoretimeshigherpricesthanma-
turegreenfruitsatretailsupermarkets
(Franketal.,2001;U.S.Dept.ofAgri-
culture,2001).Countriesthatproduce
coloredpeppershavetakenadvantage
ofthismarketopportunityandhave
beenexportingcoloredpepperstothe
U.S.(CantliffeandVanSickle,2001;
Fintrac, 2003; Lopez and Shwedel,
2001;U.S.Dept.ofAgriculture,2001)
(Fig.1).Countriesthatshippedonly
high quality colored fruits attracted
highannualaveragepricevaluesper
unit weight of pepper [>$1.50/kg
($0.68/lb)](Fig.1).In2002,26.9%
ofthevolumeofthebellpepperscon-
sumedintheU.S.wasimportedfora
valueof$290.6million(40.6%ofthe
totalvalueofbellpepperssoldinthe
U.S.), and 98.9% of this value cor-
respondedtoshipmentsfromMexico
(green and colored fruits shipped
throughouttheyear,mostlyinthepe-
riodNovember–May),Canada(green
andcoloredfruitsshippedintheperiod

Fig. 1. Total value, volume, and unit value of bell pepper fruits (all colors) 
imported into the U.S. from major shipping countries throughout the years 
1996–2002 (U.S. Dept. of Agriculture, 2004); 1.0 t = 1.10 tons; $1.00/kg = 
$0.454/lb. 
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March–January), The Netherlands
(coloredfruitsshippedintheperiod
February–December),Israel(colored
fruits shipped October–April), and
Spain (colored fruits shipped in the
periodOctober–April)(Table2)(U.S.
Dept. of Agriculture, 2002, 2003a,
2003c). Sales from Canada, Israel,
andSpainhaveincreasedintherecent
years,withmorecoloredfruitsbeing

shipped.Greenhouseareadedicatedto
peppershasbeenincreasinginMexico
andtheirsalesofhighqualitycolored
peppers in the U.S. have increased
(CantliffeandVanSickle,2003).The
fluctuationsofsalesintheU.S.from
countriesshippingbellpeppers(U.S.
Dept.ofAgriculture,2003a)areshown
inFig.2.

FIELD PRODUCTION OF BELL PEP-

PER IN FLORIDA.Florida is themain
U.S. winter supplier of bell pepper
fruits to thenorthern andmidwest-
ern statesbecause itbenefits froma
mildwinterclimateinthecentraland
southernpartofthepeninsula(Florida
AgricultureStatisticsService,2003).
About7163.1ha(17,700acres)ofbell
pepperswereharvestedintheperiod
Aug. 2002 to July 2003 in Florida
(FloridaAgricultureStatisticsService,
2003). Pepper crops are grown on
polyethylene-mulchedbeds,fumigated
with methyl bromide, and irrigated
throughsubsurfaceordripirrigation
systems(MaynardandOlson,2003).
Fruits are harvested weekly during
a period of approximately 1 month
and almost exclusively picked at the
mature green stage. Although field
growers receiveapremiumprice for
matureripenedpeppers,theproduc-
tionofred,orange,oryellowpeppers
representsahigherriskinharvesting
satisfactoryqualityandadequateyield
ascomparedwithprematureharvests
of green peppers. In pepper plants,
development of full color in fruits
iscompleted2to3weeksafterthey
reachthematuregreenstage(Rylski,
1986).Thelengthoftheperiodoffull
colordevelopment(greentofullcolor)
dependsonenvironmentalconditions.

Table 2. Volumes, values, and origins of bell peppers imported into the U.S., 
and volumes and values of the production, exports, and use of bell peppers in the 
U.S. in the year 2002.

 Volume Value Unit value
Country (t)z (%) ($1000) (%) ($/kg)y

Mexicox 164,724 67.8 132,727 45.7 0.81
CanadawCanadaCanada 41,414 17.1 71,417 24.6 1.72
Netherlandsv 23,852 9.8 56,844 19.6 2.38
Israelv 6,563 2.7 15,638 5.4 2.38
Spainv 3,694 1.5 10,161 3.5 2.75
DominicanRepublicx 1,787 0.7 1,753 0.6 0.98
Belgiumv 267 0.1 623 0.2 2.33
Others 577 0.2 1,427 0.5 2.47
 Totalimports 242,876 100.0 290,589 100.0 1.20

U.S.productionx 734,118 --- 498,650 --- 0.68
U.S.exports 73,247 --- 73,421 --- ---
U.S.domesticuse 903,747 --- 715,818 --- ---
z1.0t=1.10ton.VolumeandpricedataobtainedfromtheU.S.Dept.ofAgriculture(2002,2003a,2003c).
y$1.00/kg=$0.454/lb.
xMostlyfield-growngreenfruitsandsomecoloredfruits.
wField-growngreenfruitsandgreenhouse-growncoloredfruits.
vGreenhouse-growncoloredfruits.

Fig. 2. Total sales value of bell peppers imported to the U.S. from selected countries throughout the years 1995–2001 
(U.S. Dept. of Agriculture, 2003a).
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During the ripening period, pepper
fruitsinthefieldareoftenexposedto
adverseenvironmentalfactorssuchas
rainfall,extremeairtemperaturesand
solarradiation,andinsectpestsanddis-
eases,whichsignificantlyreducefruit
qualityandmarketableyield.Highsolar
radiation, temperatureandhumidity
characterizeFlorida’sweatherduring
the latespringandsummer(Bureau
ofEconomicandBusinessResearch,
2000; Winsberg, 1990). In central
andnorthFlorida,andoccasionallyin
somesouthernareasofthepeninsula,
nighttemperaturescanfallbelow0°C
(32.0°F)duringthelatefallandwinter.
Therefore,extendingthecropperiod
toharvestfull-colorfruitsisgenerally
notpracticalinopen-fieldpepperpro-
duction,althoughinthewarmercoastal
areasofsouthernFlorida,somegrowers
harvestfull-colorpepperfruitsfroma
portionoftheircrop.Thispracticecan
increaseincomebutalsoincreasesthe
riskofdecreasedfruityieldandquality
(VanSickle,2003).

RESEARCH AND GREENHOUSE RR
PRODUCTION OF BELL PEPPER IN 
FLORIDA. In the past 5 years, the
Protected Agriculture Project, Hor-
ticultural Sciences Dept., University
ofFlorida,Gainesville(lat.29°39´N,
long.82°19´W)evaluatedtheproduc-
tion of bell pepper as an alternative
crop for local growers and reported
promising fruityieldsandhigh fruit
quality during extended growing
seasonsinnorth-centralFloridausing
technologiesadaptedforregionswith
subtropicalandmildwinterclimates
(Cantliffe,1999;Jovicich,2001;Shaw
andCantliffe,2002).Fruityieldswere
higherthanfield-grownbellpeppers,
comparable or higher than average
yieldsofgreenhouse-grownpeppersin
SpainandIsrael,butlowerthangreen-
house-grownpeppersinCanadaand
TheNetherlands(Table3).In1998,
therewereeightgreenhouseoperations
inFloridagrowingbellpeppersfora
totalof9.51ha(23.5acres)(U.S.Dept.
ofAgriculture,1998).Fruityieldsper
unitareainFloridagreenhouseswere
twice as high as field-grown pepper
yieldsin1998;moreover,becauseof
thetypeandqualityofthecommodity,
colored fruits from the greenhouses
hadsalesvalues11timesgreaterthan
that of field-grown peppers (Table
4).Intheyear2001,bellpepperhad
thelargestareainproductionamong
vegetables produced in greenhouses
inFlorida[pepper,tomato,cucumber,

andlettuce(Lactuca sativa)]
(Tysonetal.,2001).In2003,
the area with greenhouse-
grownbellpeppersinFlorida
was estimated to be 14 ha
(34.6 acres), consisting of
half a dozen growers with
greenhouseareasthatranged
from<1to8ha(2.5to19.8
acres),andlocatedincentral
andsouthernFlorida.

Mostofthetechnology
and management practices
appliedtogreenhousepepper
crops in Florida have been
introduced from Canada
and The Netherlands. This
includesmanagementofnu-
trientsdeliveredthroughdrip
irrigationandplantpruning
systems to two stems, with
plants’ stems trained verti-
cally onto hanging twines
(Portree,1996;Resh,1996).
However,peppergreenhouse
production in Florida can
benefitfromgreenhousetechnologies
generatedincountrieswithcomparable
mild winter climates. Compared to
the highly intensive systems used in
northernlatitudes,someofthelow-
costtechnologiesusedinmildwinter
climates(CostaandHeuvelink,2000;
Martínez, 1999;Nuez et al., 1996)
perform well in Florida (Cantliffe,

Table 4. Total harvested area, production, 
yield, and dollar values for fi eld-grown bell 
peppers and greenhouse-grown peppers (season 
1997–98) in Florida.

Production
and value Fieldz GreenhouseyGreenhouseGreenhouse

Area(ha)x 7611 9.5
Production(t)w 256,337 750v

Yield(t·ha–1) 33.7 78.9

Value
 Fruitprice($/kg)u 1.08 5.09t

 Total(million$) 276.2 3.8
 Avgperha($/ha)s 36,294 401,684
zCrop season 1997–98;mostly green peppers (FloridaDept. of
AgricultureandConsumerService,2002).Annualaveragefruitprice
calculatedfromtotalvaluedividedbytotalproduction.
yColoredbellpeppersproducedin1998(U.S.Dept.ofAgriculture,
1998).Areaintheyear2003was14ha(34.6acres).
x1.0ha=2.47acres.
w1.0t·ha–1=0.45ton/acre.
vTotalproductionandaveragefruityieldinthetotalgreenhouse
areawereestimatedusingtheaveragefruitpriceforcoloredpeppers
in1998andtotalwholesalevalueandproductionareareportedby
theU.S.Dept.ofAgriculture(1998).
u$1.00/kg=$0.454/lb.
tWholesalepriceattheMiamiterminalmarket,duringtheharvesttt

periodNov.1997–May1998.
s$1.00/ha=$0.405/acre.

Table 3. Yields of bell pepper fruits produced in greenhouses, and in fi eld crops 
in Florida.

 Marketable yieldz

 (t·ha–1) (kg·m–2) (kg/plant) Source

Greenhouse crops
TheNetherlandsy 260 26 8.7 CostaandHeuvelink,2000
Canaday 220–260 22–26 7.3–8.7 Mirza,2003
Israelx 70–140 7–14 2.3–4.7 P.Imas,personal
      communication
Spain(Almería)w 60–70 6–7 2–2.3 CostaandHeuvelink,2000
U.S.(Florida)v 70–150 7–15 2.3–5 Jovicich,2001;Shawand
      Cantliffe,2002

Field crops
U.S.(Florida)u 28.5 2.9 0.66 MaynardandOlson,2003
zApproximateplantdensityingreenhousesis30,000plants/ha(12,141plants/acre),whileinFloridafieldcropszz

itis43,242plants/ha(17,500plants/acre); 1.0t·ha–1=0.45ton/acre;1.0kg·m–2=0.21lb/ft2;1.0kg/plant
=2.20lb/plant.
yInTheNetherlands,plantsgrowninsoillessmedia,inglasshouseswithclimatecontrol,includinginjectionof
carbondioxide.SimilarproductionsystemsareusedinCanada.
xInIsrael,yieldsinhighplastictunnelsandunheatedgreenhousesare7–10kg·m–2(1.4–2.0lb/ft2).Inheated
greenhouses,averageyieldsare14kg·m–2(2.9lb/ft2).
wInSpain(Almería),plantsgrowninsand,inlow-rooflow-costgreenhousestructureswithnoclimatecontrol.
vMarketablefruityieldsofcoloredpeppersobtainedincommercialcropsandUniv.ofFloridaexperimentalcrops
overthepast5years.Plantsgrowninsoillessmediaandmostlyinpassivelyventilatedhigh-roofgreenhousestruc-
turescoveredwithpolyethylene,someofthemwithsupplementalfuel-heatingduringwintermonths.
uTen-year(1992–2002)stateaverageofmostlygreenpeppers[33,015.2kg·ha–1(1052bu/acreat28lb/bu)]
(MaynardandOlson,2003).Tworowsperbedand1.80m(5.9 ft)betweencentersof the rows.Yields for
coloredpeppersgrowninthefieldarelower.Yielddataarenotavailableforcolorpeppersgrownunderfield
conditionsinFlorida.

1999;Jovicich,2001;Jovicichetal.,
2004).

High-roof, passively ventilated
greenhousesrepresentafunctionaland
low-coststructureforsubtropicaland
tropicalregions(WittwerandCastilla,
1995). Shading and large screened
openings in these high structures
[about5m(16.4ft)distancefromthe
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floortothegutter]facilitateventilation
andloweringofairtemperaturesduring
periodsofwarmweather(Monteiro,
1994; Wittwer and Castilla, 1995).
IncentralandsouthernFlorida,little
fuel isneeded forwarmingthecrop
during winter. Greenhouse pepper
cropsinFloridaarenotgrowninsoil
inordertoavoidnematodeandsoil-
borndiseases.Inthegreenhouse,as
analternativetosoilandtotheuseof
chemical disinfection, pepper plants
aregrownincontainerswithsoilless

media,whichcanbereused
forseveralcropsaslongas
no disease contamination
ofthesubstrateoccurs.The
plantsareirrigatedthrough
dripirrigation,whichallows
controllingtheamountsof
nutrientsandwater.

RETURNS OF GREEN-RR
HOUSE-GROWN PEPPERS.
Greenhouse area is pre-
dicted to expand in the
near future, in part as a
consequenceofthegreater
demand for specialty veg-
etablecrops,lossofmethyl
bromide, and an increase
in urban sprawl and price
ofarableland(Cantliffeet
al.,1999).InFlorida,pro-
duction costs and returns
have been estimated for
tomatoes grown in small
greenhouses [with a floor
area of around 278.7 m2

(3000 ft2)] (Hochmuth
andBelibasis,1991;Smith,
etal.,2003).However,no
informationaboutpotential
profitabilityhasbeenpub-
lishedforpeppersgrownin

Florida’sgreenhouses.Theobjectiveof
thisreportistoestimatethepotential
profitability of a greenhouse enter-
prise producingmature-ripened bell
peppersinFlorida.Theanalyseshave
thepurposeofprovidinginformation
thatwillassistgrowersandagricultural
investorsinevaluatinggreenhousepep-
perproductionasapotentialbusiness
opportunityinFlorida.

Methods
The origin of the data used in

thiseconomicanalysiswasfromboth

experimentsattheProtectedAgricul-
tureCenter(Cantliffe,1999)andfrom
commercial growers. A typical bell
pepperproductioncyclewasassumed
foragreenhouseareaof0.78ha,ap-
proximatelythesmallestsizeexisting
inthestate.

GREENHOUSE STRUCTURE. Two
identical greenhouse units with a
totalstructurefloorareaof7840m2

(1.94acre)andwithacropgrowing
areaof6,656m2(1.64acre)wereas-
sumedintheenterprisebudgetanalysis
(Table5).Themultiple-bayhigh-roof
greenhousestructures(commercially
available andusedby localgrowers)
were coveredwithpolyethylene and
hadretractablesidewallsandsaw-tooth
roofswith a roof-vent on every bay
(Fig.3).Allopeningswerescreened
with a 50-mesh insect-proof screen.
Sincethegreenhouseswerelocatedin
north-centralFlorida,minimalheating
(restrictedtonightsandearlymorn-
ings)wasnecessary fromtheendof
NovembertothebeginningofMarch
inordertohaveagoodplantgrowth
with high quality fruits. Occasional
nighttimeheatingwasneededduring
April and May. Diesel-fueled heat-
ers with convection tubes laid on
the greenhouse floor were used in
conjunctionwithaluminizedthermal
screenstosuccessfullykeepminimum
temperaturesabove13°C(55.4°F)
withalowuseoffuel.Sidewallopen-
ings,fans,andaluminizedscreenswere
used to reduce temperatures during
thebeginningandendofthegrowing
season.DuringAugustandfromMarch
toMay,aircouldbeblownthrough
thesameheater’sconvectiontubesto
improvetheventilationfromthatof
thenaturalpassiveventilationprovided
bythegreenhousestructures.

Table 5. Structure dimensions of one of the two 
identical greenhouse units, and pepper plant ar-
rangement used in the enterprise budget analysis.

Structure dimensions One 
and plant arrangement greenhouse unit

Structure dimensions
Gutterbaseheight(m)z 4
Frontwidth(m) 70
Totalno.ofbays(no.) 10
Widthofeachbay(m) 6.40
Sidelength(m) 56
Lengthofeachbay(m) 52
All-arounddistancefromsides(m) 2
Areaofabay[6.40×52-m](m2) 333
Totalarea[70×56-m](m2) 3920y

Growingarea[64×52-m](m2) 3328y

Plant arrangement
Distancebetweenplantrows(m) 1.28
Within-rowplantspacing(m) 0.25
Plantrows/bay(no.) 5
Plants/row(no.) 208
Plants/bay(no.) 1040
Plantdensityinthegrowing
 area(no./m2) 3.13
Totalno.ofplants(no.) 10,400x
z1.0m=3.28ft.
yThetotalfloorareaforthetwogreenhouseunitswas7840m2(84,392
ft2)[equivalentto0.78ha(1.927acre)],andthetotalcropgrowing
areawas6656m2(71,647ft2)[equivalenttoo.67ha(1.656acre)].
xThetotalnumberofplantsinthetwounitswas20,800.

Fig. 3. Passively ventilated greenhouses at the Protected Agriculture Center in Gainesville, Fla. The greenhouse units used 
in the budget analysis presented in this report were similar but with a larger area. 
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CROP CYCLE. The pepper crop
usedasthebasisofthisbudgetanaly-
sis lasted298dfromseedingtothe
removalofthecrop.Pepperseedlings
weregrowninplugtraysfor35dand
thentransplantedatthebeginningof
August.Verticaltrellisingoftheplants,
scouting plants (for pests, diseases,
beneficialarthropods,andbumblebee
activity),andmonitoringthevolumes
ofwaterandlevelsofnutrientssupplied
with irrigation were the main labor
activities until the end of October.
Harvesting of ripened fruits started
attheendofOctoberandcontinued
during28weeks(usuallyoneharvest
perweek,withatotalof30harvests),
untiltheendofMay.

PLANT PRODUCTION SYSTEM. 
Plantsweretrellisedtothe“Spanish”
system. In this trellis system, plants
are supported vertically by twines
extendedalongtherowsandonboth
sidesofthecanopies[uptosixlevels
oftwinesin1.8-m-tall(5.91ft)plants]
and by vertical poles (Fig. 4).With
the“Spanish”trellissystem,minimal
pruningisdonetotheplantcanopy.
Therefore,theamountoflaborneeded
isabout25%ofthelaborneededwith
the“V”trellissystem,anothersystem
whereplantsareregularlyprunedto
formtwostemsandwhereeachstem
isverticallysupportedwithindividual
stringsthatarewoundaroundthestems
(Jovicich,2001).InFlorida,fruityield
andqualityhavebeensimilarinboth
trellissystems(JovicichandCantliffe,
2001;Jovicichetal.,2004).Plantswere
grownin11.4-L(3gal)nurserypots
containing perlite and drip-irrigated
withasolutionofwaterandnutrients
(Hochmuth, 1997; Jovicich, 2001).
The frequency and duration of the
irrigation events were controlled by
anautomatedsystem.Thevolumesof
irrigationsolutionandlevelsofnutri-
entswerechangedwithplantgrowth,
air temperature, and solar radiation
levels.Eachplantreceivedatotal240
L(63.4gal)ofwaterand480g(16.9
oz)offertilizersthatincludedmacro
andmicronutrients.

POLLINATORS, PESTS, AND DIS-
EASES. Bumblebees(Bombus impatiens)
wererequiredtoaidnaturalpollina-
tion,andthustoimprovefruitsetand
fruit quality. The crop was scouted
weekly for pest and diseases, and
beneficialinsects,andtocheckonthe
activityofthebumblebees.Pestcontrol
combined the use of biological and
chemicalcontrolmeasures.Biological

controlofinsectpestsincludedtheuse
ofBacillus thuringiensis [for control
offungusgnats(Bradysia spp.)],and
releasesofparasitoidAphidius colemani
[for control of cotton aphid (Aphis 
gossypii)andgreenpeachaphid(Myzus 
persicae)] andof thepredatorymite
Neoseiulus californicus[forcontrolofNeoseiulus californicusNeoseiulus californicus
two-spottedspidermite(Tetranychus 
urticae)andbroadmite(Polyphagot-
arsonemus latus)].Miticidesforbroad
mitecontrolwereusedonlyifsevere
infestationsoccurredandapplications
wererestrictedtotheaffectedareasof
thecrop.Otherpests thatmayhave
beenpresent[e.g.,pepperweevil(An-
thonomus eugenii), silverleafwhitefly
(Bemisia argentifolii), and western
flowerthrips(Frankliniella occidenta-
lis)]wouldhaverequiredotherspecific
predatorsand/orpesticides.Startingin
January,preventivefungicideapplica-
tionswereused to control powdery

mildew(Leveillula taurica).
FRUIT YIELDS. Fruityieldsofbell

pepperhybrids,withred,orange,or
yellow color were estimated from
thoseobtainedinexperimentalcrops
innorth-centralFlorida[7–14kg·m–2

(1.4–2.9lb/ft2(1.4–2.9lb/ft(1.4–2.9lb/ft )](Jovicich,2001;Shaw
and Cantliffe, 2001; U.S. Dept. of
Agriculture,1998)andincommercial
cropsincentralandsouthernFlorida,
where growers currently obtain a
similar yield range (Table 3). After
harvesting, marketable fruits were
graded by size, labeled and packed
into5-kg(11.0lb)cartons,andthen
storedinarefrigeratedroomat7ºC
(44.6°F)and95%relativehumidity
(Jovicich et al., 2003). Cull fruits,
suchas thosewithblossom-endrot,
cracking, or those unshaped, were
detachedfromtheplantsduringthe
harvestoperations.

PEPPER FRUIT PRICES. Historical

Fig. 4. Pepper plants grown in 11.4-L (3 gal) containers and trellised to the 
“Spanish” system in a passively ventilated greenhouse at the Protected Agricul-
ture Center in Gainesville, Fla.
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marketpricesformatureripenedpep-
perswereestimatedfrommarketprices
ofimportedpepperssuppliedbyThe
Netherlands,Spain,andIsrael,which
havebeenshippingonlygreenhouse-
grownbellpepperfruitstotheU.S.
Wholesalepricevalues at theMiami
terminalmarketwereobtainedfrom
U.S.DepartmentofAgriculturedata,
available in the “Wholesale Market
VegetableReport” from theMarket
InformationDatabaseSystemof the
FoodandResourceEconomicsDept.,
Univ. of Florida (VanSickle, 2004).
Monthlyaveragebellpepperwhole-
sale prices (unadjusted for inflation)
were calculated frommaximum and
minimumpricevaluesintransactions
carriedoutonThursdays fromDec.
1993toJan.2002.Meansandstandard
deviationswerecalculatedforselected
priceseriesandarereportedas“mean
pricevalue±SD.”Pricesoffruitswere
differentiatedbyfruitorigin,size,and
color, and by weight of the packed
carton.Pricesarepresentedinunitsof
dollarsperkilogram,ortheequivalent
ofdollarsper5-kgcarton.

Monthly average prices were
estimatedformaturegreenbellpep-
pers,combiningimports(mostlyfrom
Mexico)andU.S.production.Aver-
age prices for mature-ripened fruits
producedinthefieldwerecalculated
from shipment data for major bell
pepperproductionstates(Florida,Cali-
fornia,NorthCarolina,andGeorgia).
Countries such asTheNetherlands,
Spain, and Israel export to theU.S.
onlymature-ripenedbellpepperfruits
fromgreenhouse-growncrops;thus,
averagepricesforfruitsarrivingfrom
thesethreecountriescombinedwere
usedtoestimatepricesforfruitspro-
ducedingreenhouses.Fieldpeppers

areprimarilypackagedin12.7-kg(28
lb)cartons(1-1/9bu),whilegreen-
house-grown fruits are packaged in
5-kgcartons.

BUDGET ANALYSIS. An enter-
prise budget that consisted of gross
revenue, costs, and profit associated
with the production of bell peppers
inagreenhousewasusedtoestimate
annual profitability. Methodology
describedbyKayandEdwards(1994)
forabudgetanalysiswasadaptedfor
greenhouseproduction.Thebudget
tablesincludeditems,quantities,units,
andpricesusedthroughoutatypical
production cycle in north-central
Florida.

Gross revenue was estimated
bymultiplyingthewholesalemarket
price by the marketable fruit yield.
Averagemonthlypricesofgreenhouse-
grownpepper fruitsweremultiplied
by monthly fruit yields during the
November–May harvest period and
summed to obtain the total gross
revenueexpressedindollarsperunit
area of total greenhouse floor area
(Table 6). The total fruit yield was
estimated tobe13kg·m–2basedon
thetechnologyandpracticesused,and
onthelengthofthecropseason.Fruit
yieldwasexpressedinweightunitsper
unitofusablearea(85%ofthetotal
greenhousefloorarea),whereascosts
andrevenueswerebasedonaunitarea
ofthetotalgreenhousearea(0.78ha).
The formula used to calculate gross
revenuewas:grossrevenue($/unitor
totalarea)=yield(weightperunitor
totalgrowingarea)×0.85×market
price($/unitweight).

Totalcostsweredividedintofixed
andvariablecosts.Totalfixedcostsin-
cludeddepreciationofdurablesandex-
pensesthatwouldstillexistevenwhen

nocropwasgrowninthegreenhouse.
Asummaryoftheitemsconsideredin
thetotalinvestment,withtheiroriginal
costs,expectedlife,anddepreciation
ispresentedinTable7.Thecostsof
the greenhouse structure, irrigation
equipment,andallothermaterialin-
putsrequiredfortheproductionofthe
cropwerecalculatedusingestimates
frommanufacturingcompanies.An-
nualdepreciationoflong-termitems
wasbasedonazerosalvagevalueand
anestimatedusefullifeinyears(Table
7).Landpricewasnotincludedinthe
investment.Otherfixedcostsincluded
werethoseincurredfromrepairsand
maintenance,taxesandlicenses,insur-
ances,telephone,andofficeexpenses
(Table8).

Variableoroperatingcostswere
thosethatwouldbeincurredonlyif
the crop was grown. Variable costs
weredividedintopreharvest,harvest,
packingandmarketingcosts,andsales
transactioncosts.Quantityandprices
ofinputswereobtainedbycontacting
inputsuppliers.Thelistofactivitiesand
inputs throughout thecropproduc-
tioncyclearesummarizedinTable9.
Recordsfortypesandamountsoflabor
neededinapepperproductioncycle
wereestimatedfromexperimentaland
commercial crops. Employee wages
rangedfrom$6.50(basic)to$15.00
(specialized)perhourdependingon
theexpertiseneededforaspecifictask.
Anadditionalcostof20%ofthewage
valuewasestimatedforcontributions
to social security and insurance,un-
employmenttax,andotheremployee
expenses. The sales transaction cost
wasestimatedtobe15%ofthegross
marketprice.Totalcostperunitarea
wasthesumofvariablecostsandfixed
costs.

Table 6. Monthly marketable fruit yields, average wholesale market prices, and gross revenues in a typical fall to spring 
greenhouse-grown bell pepper crop in Florida with a total estimated yield of 13 kg·m–2 (2.7 lb/ft2).

 Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Nov.–May

Yieldz

 (kg·m–2) Ty   1.0 3.0 1.5 2.0 2.0 2.5 1.0 End  13yy

Pricex

 ($/kg) 3.76 4.09 3.98 4.58 5.28 5.63 4.75 5.30 6.00 5.50 4.68 4.09 5.29w

Grossrevenuev

 ($/m2)    4.58 15.84 8.45 9.50 10.60 15.00 5.50   69.47u

Grossrevenue
 ($/0.78ha)    30,484 105,431 56,243 63,232 70,554 99,840 36,608   462,392
zMonthlyfruityieldsestimatedfromexperimentalcropsattheUniversityofFlorida(Jovicich,2001;ShawandCantliffe,2002).1.0kg·m-2=0.21lb/ft2.
yT=transplant;seedingdate=1July;transplantdate=4Aug.;endofcrop=30May;harvestingperiod=November–May.
xAveragewholesaleprices(1993–2002)fortransactionsofimportedgreenhouse-grownbellpeppersattheMiamiterminalmarket.xx

wMeanfortheharvestingperiodNovember–May.$1.00/kg=$0.454/lb.Theannualmeanwas$4.80/kg($2.18/lb).
vGrossrevenue=$1.00/m2($0.093/ft2).
uThegrossrevenuewas$58.98/m2($5.48/ft2)forthetotalgreenhouseareabecausethegrowingareawas85%ofthetotalarea.
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Table 7. Summary of the investment costs and depreciation of a 0.78-ha (1.927 acre) greenhouse operation for bell pepper 
production. 

  Original cost Projected life Depreciation/year
Invested item ($/0.78 ha)z ($/m2)y (years) ($/0.78 ha) ($/myy 2)

Sitepreparation
 Laborleveling,compacting 20,000 2.55
 Limerockandmillings 6,000 0.77
 Waterpipingtogreenhousecomplex 5,000 0.64
 Siteelectrical/communicationstocomplex 20,000 2.55
  Totalsitework 51,000  6.51
Greenhousepermit 1,500  0.19
Greenhousestructureandcovermaterials
 Columns,arch,gutters,polyethylenelockingprofiles 86,600 11.05 20 4,330 0.55
 Accessgates,fourpavilions 3,400 0.43 10 340 0.04
 Side-wallandroof-ventmotors 14,900 1.90 10 1,490 0.19
 Insectproofnetting,50-mesh(allopenings) 3,860 0.49 10 386 0.05
 Polyethylenecover 8,740 1.11 3 2,913 0.37
 Thermalandshadingscreen 41,800 5.33 10 4,180 0.53
 Freightoverseas–Gainesville 10,000 1.28 10 1,000 0.13
 Whitegroundcover 5,280 0.67 7 754 0.10
  Totalgreenhousestructureandcovermaterials 174,580  22.27  15,394  1.96
Greenhouseerectionandconcrete(bycontractor) 160,000  20.41 10 16,000  2.04
Constructionsupervision 6,000  0.77 10 600  0.08
Headhousestructures(15×10m)x 20,000  2.55 20 1,000  0.13
Fruitsizegradingmachine 5,000 0.64 10 500 0.06
Refrigerationroom 20,000  2.55 20 1,000  0.13
Backupgenerator 4,000 0.51 10 400 0.05
Heatingandventilationsystems
 Floormountedheatingunits(diesel)
 20heatingunits80,639kcaleach 51,620 6.58 10 5,162 0.66
 Polyethyleneconvectiontube(19×300mperroll) 1,330 0.17 3 443 0.06
 Dieseltank(11,340L)withshadingroofv Dieseltank(11,340L)withshadingroof Dieseltank(11,340L)withshadingroof 3,600 0.46 8 450 0.06
 Sitedieselplumbing 3,000 0.38 10 300 0.04
 Aircirculationfans(60units) 12,000 1.53 8 1,500 0.19
 Totalheatingandventilationsystems 71,550  9.13  7,855  1.01
 Irrigationandclimatecontrolsystems    
 Waterwellandpumps 10,000 1.28 15 667 0.09
 Watertanks(2×56,700Leach) 26,000 3.32 15 1,733 0.22
Nutrientinjectorandclimatecontrolsystem 26,495 3.38 10 2,650 0.34
Nutrientsolutiontanks(6×2000L) 5,100 0.65 10 510 0.07
Weatherstationandtemperatureandhumiditysensors 8,000 1.02 10 800 0.10
Computerandsoftware 5,000 0.64 5 1,000 0.13
Trainingforusingcontrolsystems 1,500 0.19  
Waterfilters 700 0.09 10 70 0.01
Valvesandpressureregulators 2,887 0.37 5 577 0.07
Irrigationemitters,stakes,andtubing 22,575 2.88 5 4,515 0.58
Polyethylenepipe(5700m) 1,583 0.20 5 317 0.04
Pipeconnectorsandadaptors 550 0.07 5 110 0.01
Otherirrigationpartsandlabor 5,000 0.64 5 1,000 0.13
11.4-Lnurserypots 14,700 1.88 5 2,940 0.38
 Totalirrigationandclimatecontrolsystems 130,190  16.61   16,889  2.17
Electrical 80,000  10.20 10 8,000  1.02
Drainagesystem(troughs,pipes,pump) 3,120  0.40 5  624  0.08
Bulkstoragetanks(threetanksof7600Leach) 12,300  1.57 10  1,230  0.16
Trellisaccessories    
 Cablesforplantsupport(5400m)and“U”clamps 5,600 0.71 10 560 0.07
 Polesforplantsupport(13perrow) 6,500 0.83 10 650 0.08
 Stemringclips 1,050 0.13 2 525 0.07
  Totaltrellisaccessories 13,150  1.68   1,735  0.22

Table 7 continued on next page.



363● April–June 2005 15(2)

Thepricereceivedbythegrower
was assumed to be the average
wholesalemarketprice lessthesales
transaction cost.Gross revenuewas
theproductofthepricereceivedby
thegrowerandthetotalproduction.
Profitwas calculated by subtracting
total expenses from gross revenue.
The opportunity costs (interest on
operatingcapitalandon investment
capital),landcharge(rent),andcost
ofmanagingtheenterprise(manager’s
salary)werenot includedas specific
expenses in this budget, and, thus,
werepartof the residualnet return
orloss.Becausetheopportunitycost
for management, operating capital,
andinvestmentcapitalwerenotincor-
poratedintheenterprisebudget,the
estimatedprofitshouldbeinterpreted
as “estimated returns to capital and
management.”Theformulausedto

calculate profit (in $/unit
area or $/total area) was:
returnstomanagementand
capital($/unitortotalarea)=
grossrevenue($/unitortotal
area)–totalcosts($/unitor
totalarea).

Theprofitabilityofthe
0.78-ha enterprise (exclud-
ingtheland)wasestimated
bytherelationbetweenthe
valueofreturnandtheinvest-
ment. The internal rate of
thereturntoinvestedcapital
and management from the
total investment (IRR)was
calculatedwiththefollowing
formula:IRR(%)=returns
to capital andmanagement

($/totalarea)×100÷totalinvestment
($/totalarea).TheestimatedIRRwas
comparedtotheopportunitycostof
capitalusingtheaverageinterestrate
forbankloanstobusinessfortheyear
period1993–2003.

Fromthebudgetanalysis,gross
revenues,productioncosts,andreturns
were plotted and linear equations
calculated for a rangeofmarketable
fruit yields (5–17 kg·m–2), assuming
theaveragefruitpricefortheNovem-
ber–Mayperiod($5.29/kg).

SENSITIVITY ANALYSIS. Sensitiv-
ityanalysiswasusedtoanalyzehow
changesinbudgetassumptionsaffect
incomeandcostprojections.Returns
tomanagementwerecalculatedfora
rangeofmarketablefruityields(5–17
kg·m–2) andmarket prices [$15.00–
32.50/5-kgcarton($1.36–2.95/lb)].
Inthesensitivityanalysis,marketprices

wereassumedtobeaveragevaluesfor
theNovember–Mayharvestperiod.

BREAK-EVEN ANALYSIS. Thedata
intheenterprisebudgetwereusedto
perform a break-even analysis. This
analysiswasusedtocalculatevarious
combinations of possible yield and
prices required to cover anticipated
total production costs. Break-even
priceswerecalculatedusing the for-
mula: break-even price ($ per unit
weight)=anticipatedtotalcosts($per
unitarea)÷anticipatedyield(weight
perunitarea).

Results
PRICES FOR MATURE RIPENED BELL 

PEPPER FRUITS. Historical wholesale
marketprices at theMiami terminal
market indicate thatmature ripened
greenhouse-grownbellpepper fruits
attractedaverageprices three tofive
times higher than mature ripened
or green fruits grown in the field,
respectively (Fig. 5). Red and yel-
low fruitsproduced in thefieldhad
averageannualfruitprices(hereafter,
meanprice±SD)of$1.51±0.41/kg
($0.68±0.19/lb)and$1.69±0.53/
kg ($0.77 ± 0.24/lb), respectively,
with peak prices close to $2.00/kg
($0.91/lb)inJuly,August,andNo-
vember(Fig.5).Theaveragepricefor
maturegreenfruitswasonly$0.91±
0.24/kg($0.41±0.11/lb)andwith
minimalpricefluctuationsthroughout
the year. Imported red, yellow, and
orangefruitsproducedingreenhouses
averaged$4.68±0.71/kg,$4.52±
0.66/kg,and$5.21±0.76/kg($2.12
±0.32/lb,$2.05±0.30/lb,and$2.36

Automotive(medium-dutydeliverytruck) 40,000  5.10 10  4,000  0.51
Forklift  12,000  1.53 10  1,200  0.15
Otherdurables
 Scales 1,500 0.19 5 300 0.04
 Sprayerandfogger 2,000 0.26 5 400 0.05
 pHmeter 150 0.02 5 30 0.00
 Electricalconductivitymeter 250 0.03 5 50 0.01
 Ionmetersfornitrateandpotassium 700 0.09 4 176 0.02
 Harvesttrolleys 1,500 0.19 6 250 0.03
 Harvestbins 6,000 0.77 6 1,000 0.13
 Tools 4,000 0.51 4 1,000 0.13
  Totalotherdurables 16,100 2.05  3,205 0.41

Totalinvestment 820,490  104.67  79,632  10.18
z$1.00/0.78ha=$1.28/ha=$0.519/acre.
y$1.00/m2=$0.093/ft2.
x1.0m=3.28ft.
1.0kcal=3.97Btu
v1.0L=0.26gal.

Table 7. Continued from previous page. 

  Original cost Projected life Depreciation/year
Invested item ($/0.78 ha)z ($/m2)y (years) ($/0.78 ha) ($/myy 2)

Table 8. Estimated fi xed costs to produce bell 
pepper in a 0.78-ha (1.927 acre) greenhouse in 
north-central Florida. 

 Total
Item ($/0.78 ha)z ($/m2)y

Depreciation 79,632 10.18
Otherfixedcosts
Repairsandmaintenance 6,000
Taxesandlicenses 1,600
Greenhouseinsurance 4,000
Vehicleinsurance 1,500
Telephone 4,500
Otherexpenses 2,500
Totalotherfixedcosts 20,100 2.56
Totalfixedcosts 99,732 12.74
z$1.00/0.78ha=$1.28/ha=$0.519/acre.
y$1.00/m2=$0.093/ft2.



364

PRODUCTION&MARKETINGREPORTS

● April–June 2005 15(2)

Table 9. Estimated variable costs to produce bell pepper in a 0.78-ha (1.927 acre) greenhouse in north-central Florida.

 Quantity Price Amount Total
Item Unit (no. units)  ($/unit) ($/0.78 ha)z ($/0.78 ha) ($/m2)y

Production costs
Preharvest
 Fertilizer     13,978 1.78
  480g/plantusedin298d kgx 9,984 1.40 13,978
 Biologicals     3,610 0.46
  A. colemani(1/m  A. colemani  A. colemani 2),tworeleases ×500 40 35.00 1,400
  N. californicus(10/m  N. californicus  N. californicus 2),onerelease ×1000 67 30.00 2,010
  B. thuringiensis,twodrainapplications 9.45-Lwtwodrainapplications 9.45-Ltwodrainapplications 9.45-L 2 100.00 200
 Pesticides     1,078 0.14
  Fungicidesv Spray 15 60.00 900
  Miticideu Spray 1 120.00 178
 Pollinators     880 0.11
  Bumblebees 50bees/hive 4 220.00 880
 Othermaterialsinputs     13,937 1.78
  Twinespool×3000mt  8 13.00 104
  Doublehooks unit 16,000 0.01 160
  Bleach L 154 0.26 40
  Seedlingtrays unit 110 3.00 330
  Mediaseedlings m3 1.2 70.00 84
  Seed unit 21,840 0.35 7,644
  Mediaforpots(perlite) m3 260 40.00 5,200
  Stickycards(insectpestmonitoring) box×100 30 25.00 375
 Energy     38,284 4.88
  Diesel L 135,708 0.26 35,284
  Electricitys kWh 30,000 0.10 3,000
 Labor   Times Totalh  18,421 2.35 Labor   Times Totalh  18,421 2.35
  Seedingandseedlinggrowing h 1 120 886
  Preparationgreenhouse h 1 363 2,679
  Transplanting h 1 58 428
  Plantsupportwithtwinesandhooks h 6 333 2,458
  Removalofcullfruits,oldleavesandshoots h 2 150 1,107
  Fertilizerpreparation h 13 39 288
  Solutionmonitoringandfiltercleaning h 30 60 864
  Scouting(pests,diseasesandbeneficials) h 35 140 2,520
  Removalofplantsandcleaning h 1 480 3,542
  Polyethylenecoverchange(every3years) h 0.33 81 199
  Pesticideapplication h 15 195 2,808
  Emptingandwashingofpots(every2years) h 0.5 174 642
   Totallabor h  2,052
    Totalpreharvestcosts     90,188 11.50
Harvest 
 Pickinglabor(75h/harvest×30harvests) h 2,250 7.38 16,605
    Totalharvestcosts     16,605 2.12
Packing and marketing
 Packlabor(1,442h) kg 86,528 0.12 10,383
 Cartons,dividersandlabels kg 86,528 0.16 13,845
 Marketingandmiscellaneouspacking kg 86,528 0.22 19,036
 Vehicleoperation kmr 16,000 0.19 3,000
  Totalpackingandmarketingcosts     46,264  5.90

   Total production costs     153,057 19.52
z$1.00/0.78ha=$1.28/ha=$0.519/acre.
y$1.00/m2=$0.093/ft2.
x1.0kg=2.20lb.
w1.0L=0.26gal.
vazoxystrobin,myclobutanil,andAmpelomyces quisqualis.
uabamectin.
t1.0m=3.28ft.
sElectricenergyunitiskilowatt–hour(kWh).
r1.0km=0.62miles.
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INVESTMENT AND COSTS.Thetotal
investmentforagreenhouseenterprise
withaprotectedareaof0.78hatotaled
$820,490or$104.67/m2($9.72/ft2)
(Table7).Thecostofthegreenhouse
structureandcovermaterialscombined
was$22.27/m2($2.07/ft2)and,with
construction labor, supervision, and
concreteneededforerection,thecost
increased to$43.45/m2 ($4.04/ft2)
(Table7).Theinvestmentonheating
andventilationsystemswasestimatedat
$9.13/m2($0.85/ft2),andonsystems
and controls for irrigation, fertiliza-
tion, drainage, and ventilation was
$16.61/m2 ($1.54/ft2).The annual
depreciationcostforthetotalinvest-
ment was $10.18/m2 ($0.95/ft2).
Additionalexpenseswithinfixedcosts
represented $2.56/m2 ($0.24/ft2)

±0.34/lb),respectively(Fig.5).For
greenhouse-grown fruits, average
pricesforallfruitcolorscombinedat-
tractedhighvaluesduringtheperiod
November–May [$5.29 ± 0.78/kg
($2.40±0.35/lb)]whilepeakprices
were in January [$5.63 ± 0.50/kg
($2.55±0.23/lb)]andApril[$6.00
±0.82/kg([$2.72±0.37/lb)].For
thewholeyear,theaveragepricefor
coloredfruitsproducedingreenhouses
was$4.80±0.71/kg($2.18±0.32/
lb).Theannualaveragepriceperunit
weightformatureripenedbellpepper
fruits produced in greenhouses was
an additional $3.20/kg ($1.45/lb)
compared to mature ripened fruits
producedinthefield,andanadditional
$3.89/kg ($1.76/lb) compared to
maturegreenfruits.

(Table8).Totalfixedcostsaddedto
$12.74/m2($1.18/ft2).

Preharvest costswereestimated
at $11.50/m2 ($1.07/ft2), harvest
costs at $2.12/m2 ($0.20/ft2), and
packingandmarketingat$5.90/m2

($0.55/ft2)(Table9).Thesevariable
costscombinedaddedto$19.52/m2

($1.81/ft2). The total labor needed
toproduce,harvestandpackthebell
pepper fruitswas5,744hours[0.73
h/m2(0.068h/ft2)]andrepresented
$45,409forthe0.78ha[$5.79/m2

($0.54/ft2)](Table9).Fromthistotal
labor,35.7%ofthetimewasusedto
growthecrop,39.2%forharvesting,
andtheremaining25.1%forpacking
the fruits (Table 9). The total cost
of diesel fuel used for heating was
estimated at $35,284 [$4.50/m2

($0.42/ft2)].
BUDGET ANALYSIS. Thesummary

forthebudgetanalysis(Table10)in-
cludedfixed(Table8)andvariablecosts
(Table9).Addingthesalestransaction
expenses[15%of thegross revenue,
equivalentto$8.85/m2($0.82/ft2)]
to the variable costs of production
[$19.52/m2 ($1.81/ft2)], the total
variablecostwas$28.37/m2($2.64/
ft2)(Table10).Totalcosts(fixedand
variable) amounted to $41.09/m2

($3.82/ft2) ($322,148 for the 0.78
ha).Fromthistotalcost,depreciation
cost represented 24.7%, transaction
cost21.5%,costoftotallabor14.1%,
andcostoffuel11.0%ofthetotalcost
(Table10).

Withamarketablefruityieldof
13kg·m–2harvestedduringtheperiod
November–May,theestimatedgross
revenuewas$58.98/m2 ($5.48/ft2)
($462,392forthe0.78ha)(Table6).
Thereturntocapitalandtomanage-
mentwas$140,244forthetotalgreen-
housearea,or$17.89/m2($1.66/ft2)
(Table10).TheIRRtoinvestedcapital
andmanagement(excludingtheland)
wasestimatedat17.1%.

Grossrevenues,productioncosts,
andreturnswerecalculatedforarange
ofmarketablefruityields(5–17kg·m–2),
assuming the average price for the
period November–May ($5.29/kg)
(Fig.6).Totalcostsincreasedwithin-
creasedfruityieldsbecauseoftheneed
foradditionallaborforharvestingand
packing,andofmorepackingsupplies.
Theestimatedlinearresponsesindicate
thatreturnstocapitalandmanagement
were zero when a marketable fruit
yieldof7.8kg·m–2wasobtainedinthe
growingarea.Undertheassumptions

Fig. 5. Means and standard deviations for bell pepper fruit wholesale prices from 
years 1993 to 2002 obtained from Thursdays’ transactions at the Miami termi-
nal market: A) prices for yellow (●), red (❍), and green (❑) fruits produced in 
the fi eld (shipped from Florida, California, Georgia, and North Carolina), and 
B) prices for yellow (●), red (❍), and orange (Δ) fruits imported and produced 
in greenhouses (shipped from The Netherlands, Israel, and Spain). $1.00/kg = 
$0.454/lb.
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Table 10. Enterprise budget for greenhouse-grown bell pepper [0.78 ha (1.927 acres)] in north-central Florida. 

 Quantity Price Amount  Total 
Item Unit (no. units) ($/unit) ($/0.78 ha)x ($/0.78 ha) ($/m2)w

Gross revenue kgz 86,528 4.58–6.00y  462,392 58.98
 Variable costs
  Preharvest
  Fertilizer    13,978
  Biologicals    3,610
  Pesticides    1,078
  Pollinators    880
  Othermaterialinputs    13,937
  Diesel Lv  Diesel L  Diesel L 135,708 0.26 35,284
  Electricityu  Electricity  Electricity kWh 30,000 0.10 3,000
  Labor h 2052  18,421
   Total preharvest costs     90,188 11.50
 Harvest
  Labor h 2,250 7.38 16,605
   Total harvest costs     16,605 2.12
 Packingandmarketing
  Packlabor(1442h) kg 86,528 0.12 10,383
  Cartons,dividers,andlabels kg 86,528 0.16 13,845
  Marketingandmiscellaneouspacking kg 86,528 0.22 19,036
  Vehicle kmt 16,000 0.19 3,000
   Total packing and marketing costs     46,264 5.90
   Total above variable costs     153,057 19.52
 Saletransactionexpenses(15%)  0.15 462,392 69,359 69,359 8.85
   Total variable costs     222,416 28.37
 Fixed costs
  Depreciation    79,632
  Otherfixedcosts    20,100
   Total fi xed costs     99,732 12.74

Total cost     322,148 41.09
Return to capital and managements     140,244 17.89
z1.0kg=2.20lb.
yRangeofaveragewholesalepricesforgreenhouse-grownbellpeppersduringtheharvestperiod.Grossrevenuewasthesumofestimatedmonthlyrevenues.Revenuesineach
monthwerecalculatedastheproductoftheaveragemarketpricebytheestimatedmonthlyyield[totalestimatedfruityield=13kg·m–2(2.7lb/ft2)ofgrowingarea].
x$1.00/0.78ha=$1.28/ha=$0.519/acre.
w$1.00/m2=$0.093/ft2.
v1.0L=0.26gal
uElectricenergyunitiskilowatt–hour(kWh).
t1.0km=0.62miles.
sLand,opportunitycosts(interestoninvestmentcapitalandinterestonoperatingcapital),andthegrower’ssalarywerenotincludedinthebudget.

ofthisbudgetanalysis,break-evenyield
wassimilartotheaveragefruityield
of7.9kg·m–2 (1.62 lb/ft2) thatwas
estimatedfromdatacollectedbythe
1998CensusofSpecialtyCrops(U.S.
Dept.ofAgriculture,1998)(Table4).
Currently,fruityieldsof10to15kg·m–2

(2.0to3.1lb/ft2)arerealisticinfall
tospringcropssuchastheoneusedin
thisanalysis.Amarketablefruityieldof
17kg·m–2(3.5lb/ft2),whichiscon-
sideredahighyieldinstructureswith
minimalclimatecontrolinsubtropical
regions,ledtoanestimatedreturnof
$30.84/m2($2.87/ft2)(Fig.6).

SENSITIVITY ANALYSIS AND BREAK-
EVEN ANALYSIS. A sensitivity analysis
was used to examine how returns
tocapital andmanagementchanged
underfavorableandunfavorablesitu-

ationsoffruitproductionandmarket
price(Table11).Changesinreturns
fromnegativetopositivevalueswere
calculatedundervariouscombinations
of marketable yields (5–17 kg·m–2)
and fruit prices [$15.00–32.50 per
5-kgcarton,asaveragevaluesforthe
November–Mayharvestseason].Costs
ofproduction(withsalestransaction
expenses deducted) ranged from
$28.61/m2 to $34.96/m2 ($2.66/
ft2to$3.25/ft2)basedonarangeof
possiblemarketable fruit yields of 5
to17kg·m–2,respectively(Table11).
Returnsforthe0.78haareincluded
inTable11.

Break-evenprices (in$/kg and
$/carton)requiredtocoveranticipated
totalproductioncostswerecalculated
forvariouspossiblefruityields(Table

12).For fruit yields ranging from5
to 17 kg·m–2, the break-even prices
rangedfrom$39.73to$13.90/5-kg
carton($3.60to$1.26/lb).

Discussion
Much of the U.S. demand for

high quality colored pepper is cur-
rentlysuppliedbyimports.Thevalue
andyieldofcoloredfruitsproduced
perunit area ingreenhouses canbe
threeorfivetimeshighercomparedto
coloredandgreenpepperfruitsgrown
in the field, respectively. Imported
greenhouse-grown peppers (as with
tomatoes and cucumbers) compete
with field-grown crops in the U.S.
(CantliffeandVanSickle,2001).More-
over,inFlorida,highqualitycolored
pepperfruitsproducedingreenhouses
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Table 12. Estimated break-even prices for a range 
of marketable bell pepper fruit yields of 5–17 
kg·m–2 (1.0–3.5 lb/ft2).

Yield in growing areaz Break-even pricey Break-even price Break-even price
(kg·m–2) (carton/m2) ($/kg) ($/5-kg carton)

 5.0 1.0 7.95 39.73
 7.0 1.4 5.84 29.22
 7.8 1.6 5.29x 26.45
 9.0 1.8 4.68 23.40
11.0 2.2 3.94 19.71
13.0 2.6 3.43 17.15
15.0 3.0 3.07 15.35
17.0 3.4 2.78 13.90
zFruityieldsareexpressedonagrowingfloorareabasis;1.0kg·m–2=0.21
lb/ft2;1.0carton=5kg(11.0lb);1.0carton/m2=0.09carton/ft2.
y$1.00/kg=$0.454/lb;$1.00/5-kgcarton=$0.091/lb.
xAveragewholesalepricefortransactionsofimportedgreenhouse-grownxx

peppersattheMiamiterminalmarketduringNovember–Mayandover
theyearperiod1993–2002.

Fig. 6. Estimated responses of total costs, returns to capital and manage-
ment (excluding cost of land), and gross revenues to increased marketable 
fruit yields of greenhouse-grown bell peppers in north-central Florida. 
Costs, revenues, and returns based on unit area of a 0.78-ha (1.927-acre) 
greenhouse. Fruit yields expressed per unit of growing area. Average fruit 
wholesale price for the production season was estimated at $5.29/kg 
($2.40/lb). Returns to capital and to management were 0 (zero) at fruit 
yield of 7.8 kg·m–2 (1.60 lb/ft2); $1.00/m2 = $0.093/ft2; 1.0 kg·m–2 = 
0.21 lb/ft2.

Table 11. Sensitivity analysis for bell pepper returns to capital and management per unit area and in the 0.78-ha (1.927-
acre) greenhouse.

Yieldz Costy CostCost Market pricex ($/5-kg carton)xx

(kg·m–2) ($/m2) 15.00 17.50 20.00 22.50 25.00 26.45w 27.50 30.00 32.50

Return
-------------------------------------------------- $/m2($/0.78ha) ----------------------------------------------

5  28.61 –17.79 –15.98 –14.18 –12.37 –10.57 –9.52 –8.77 –6.96 –5.16
   (–139,439) (–125,296) (–111,153) (–97,010) (–82,868) (–74,665) (–68,725) (–54,582) (–40,440)
7  29.52 –14.36 –11.84 –9.31 –6.79 –4.26 –2.80 –1.74 0.79 3.31
   (–112,612) (–92,812) (–73,012) (–53,212) (–33,413) (–21,929) (–13,613) (6,187) (25,987)
9  30.42 –10.94 –7.69 –4.45 –1.20 2.05 3.93 5.29 8.54 11.79
   (–85,785) (–60,328) (–34,871) (–9,414) (16,042) (30,807) (41,499) (66,956) (92,413)
11 31.33 –7.52 –3.55 0.42 4.39 8.35 10.66 12.32 16.29 20.26
   (–58,958) (–27,844) (3,270) (34,384) (65,498) (83,544) (96,611) (127,725) (158,839)
13 32.24 –4.10 0.59 5.28 9.97 14.66 17.38 19.35 24.04 28.73
   (–32,131) (4,640) (41,411) (78,182) (114,953) (136,280) (151,724) (188,495) (225,265)
15 33.15 –0.68 4.74 10.15 15.56 20.97 24.11 26.38 32.79 37.21
   (–5,304) (37,124) (79,552) (121,980) (164,408) (189,016) (206,836) (249,264) (291,692)
17 34.96 2.75 8.88 15.01 21.15 27.28 30.84 33.41 39.55 45.68
   (21,522) (69,608) (117,693) (165,778) (213,863) (241,752) (261,948) (310,033) (358,118)
zFruityieldsareexpressedonagrowingfloorareabasisbutreturnsarebasedonunitareaof0.78ha. 1.0kg·m–2=0.21lb/ft2.Fruityieldsonagrowingfloorareabasis
multipliedby0.85givetheyieldonaunitareaofthetotal0.78ha.
yTotalproductioncostswithoutthesalestransactioncostincluded.Thetransactioncost(15%)wasdeductedfromthegrossrevenuesforeachyield–pricecombination;
$1.00/m2=$0.093/ft2;$1.00/0.78ha=$1.28/ha=$0.519/acre.
xAveragemarketpricefortheharvestperiodNovember–May;$1.00/5-kgcarton=$0.091/lb.xx

wAveragewholesalepricefortransactionsofimportedgreenhouse-grownpeppersattheMiamiterminalmarketduringNovember–Mayandovertheyearperiod1993–2002ww

[$5.29/kg($2.40/lb)].
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competewithimportsfromMexico,
TheNetherlands,Canada,Israel,and
most recently, Spain. However, the
highandsteadymarketpricesattracted
bycoloredbellpepperfruitsinthepast
years,increasesinconsumerdemand,
andsuitableenvironmentforgrowing
coloredpeppersunderprotectedagri-
cultureinFloridahaveledtoasmallbut
expandingproductionareaandhave
drivenmoregrowerstoconsiderthe
economicviabilityofthiscrop.

Greenandcoloredpepperspro-
duced in the field and greenhouse,
respectively, are different types of
commodities, which have different
productioncostsandattractdifferent
marketprices.Inouranalysis,forthe
fruityieldof13kg·m–2,theestimated
totalcostofproducingcoloredpeppers
inthegreenhousewas$41.09/m2and
thereturntomanagementandcapital
was $17.89/m2.Using estimates by
Smith andTaylor (2004) as a refer-
ence, a field-grown pepper crop in
Floridawithafruityieldof31.4t·ha–1
[14 tons/acre (1000bu/acre at 28
lb/bu)]incurredaproductioncostof
$2.53/m2($0.24/ft2)andareturnto
managementandcapitalof$0.61/m2

($0.06/ft2)basedonamarketpriceof
$1.00/kg($0.45/lb).

Under the greenhouse crop
management practices and market
pricesused in this study, fruit yields
shouldbegreaterthan7.8kg·m–2in
ordertogeneratepositivereturnsto
management. This break-even yield
is a realistic goal in Florida because
greater yields are currentlyobtained
in greenhouse enterprises similar to
theoneconsideredinthisanalysis.In
experimental and commercial crops,
yieldsof10to15kg·m–2werepossible
whenproductionpracticesandlength
ofthegrowingseasonweresimilarto
theonesdescribedhere.Theestimation
ofprobabilitiesforalternativeyieldout-
comeswillbecompletedinanupcom-
ingresearchproject.Theseestimates
willmakeadditionalinterpretationof
thesensitivityanalysespossible.

An investmentwouldbeprofit-
ablewhentheinternalrateofreturn
for the investment is greater than
theopportunity costof capital (Kay
andEdwards,1994).TheIRRofthe
0.78-ha greenhouse enterprise was
greaterthantheaverageinterestrate
forbankloanstobusinessforthepast
10 years (7.3% as an average in the
period1993–2003)(FederalReserve,
2004).TheestimatedIRRwaswithin

therangeofratesofreturn(8.5%to
19.4%) calculated by Hodges et al.
(2001)forlargegreenhousenurseries
thatproducedornamentalsinFloridain
1998.Acashflowanalysisforaseries
ofyears,whichwould include inter-
est on the capital investment, could
supplementthebudgetanalysis.

Greenhouse enterprises, even
when located in a small region, are
variableinsize,composition,andman-
agement.Assuch,growersseekingto
producepeppersingreenhousesshould
use this informationonlyas aguide
andcalculatethebudgetsfortheirown
enterprises.Theinitialcapitalinvest-
ment will differ among greenhouse
enterprises;however,perunitarea,itis
alwaysconsiderablyhighcomparedto
investmentsinfieldvegetableproduc-
tion.Forthisbudgetanalysis,wecon-
sideredthestate’ssmallestgreenhouse
areawithbell pepper. It is expected
that larger greenhouse enterprises
willbenefit fromeconomiesof scale
andwillincurrelativelylowercostsof
productionperunitarea.

NaLampangetal.(2003),intheir
calculationsofdemandelasticitiesfor
green bell peppers for four regional
marketsintheU.S.,foundaninelastic
demandforgreenpeppers,withelastic-
itiesrangingfrom–0.10to–0.24.No
comparablestudieshavebeencarried
outforcoloredbellpeppers.However,
itisexpectedthatthedemandelasticity
forcoloredbellpepperswouldbemore
elastic,indicatingmoreroomforrela-
tiveproductiongrowthasefficiencies
are identified in theproduction and
marketingofcoloredbellpeppers.

Vegetable growers in Florida
currently face production challenges
in terms of marketing (demand for
highqualityproductswithyear-round
supplyandforeigncompetition),land
availability (increased urbanization
anddevelopmentin“warmweather”
agricultural areas), labor (reduced
availability with the appearance of
higher-paying jobs, such as in the
constructionbusiness),waterrestric-
tions (stricter regulations to protect
waterqualityandtominimizeamounts
used),andtheupcomingbanningof
methyl bromide (MontrealProtocol
onozoneprotectionresolutions).For
somegrowers,theproductionofhigh
valuecropssuchascoloredbellpeppers
ingreenhousesusingsoillessgrowing
systemsmayrepresentanalternative
production system thatwould over-
comesomeofthesecriticalchallenges

andwouldassisttheircontinuationin
theagriculturalbusiness.
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