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Peppers, Tomatoes, and Tobamoviruses?

Carlye Baker 2 and Scott Adkins®

INTRODUCTION: At least four different tobamoviruses naturally infect and cause disease in peppers (Capsicum
spp.). Theseinclude Tobacco mosaic virus(TMV), Tomato mosaic virus (ToMV), Tobacco mild green mosaic virus
(TMGMYV), and Pepper mild mottlevirus(PMMoV) (Wetter 1984). TMV and ToMV can a so infect and cause
diseasein tomato (Lycopersicon esculentumMill.). Thesevirusescan cause seriouseconomiclossesin bothfield and
greenhouse-grown crops. All four tobamoviruses have been diagnosed in variousplantsin Forida

Fig. 1. Symptomsof Pepper mild mottle virusin pepper leaves (A and B), and fruit
(C—fruit from an uninfected plant is at the upper left). Symptoms of atobamovirus
infecting tomato (D) (Photography credit: A, C and D: Scott Atkins; B: Jeff Lotz)
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PATHOGENS: Tobamovirusesarerigid rod-shaped plant virusesthat arevery easily transmitted to healthy plantsby
mechanical inoculation and contact between plants. They are exceptionally stablevirusesthat are known to survivefor
yearsin plant debrisin the soil and for weeksor months on greenhouse structures, potsand horticultura tools. They persst
on clothing and, most importantly, on workers' hands. TMV isknown to survivein cigarettes and cigars made from
infected tobacco |eaves and to be transmitted from the hands of asmoker to susceptibleplants. Inaddition, TMV, ToMV
and PMMoV can betransmitted on the surface of seedsharvested frominfected plants. Thereisno knowninsect vector
for theseviruses. The predominant method of spreading atobamovirusisthehandling of plants. Thismakeshuman beings
themain*“vector” of theseviruses.

SYMPTOMS: Symptomsconsist of variousdegreesof mottling, chlorosis, curling, distortion and dwarfing of leaves,
flowers, fruitsand entireplants(Fig. 1A, B and D). In some casesnecrotic areasdevel op onleavesand fruit (Fig. 1 C).
Symptomsaremost easily seen on new growth and are usually more pronounced on plantsinfected when young than on
thoseinfected when mature.

DISTRIBUTION: Thesefour tobamoviruses are found worldwide.

DETECTION AND DIAGNOSIS: Thestructure of tobamovirus particlesmakesthem easy to detect inthe electron
microscopeusing leaf dips. Inaddition, thevirusmakessuch large numbersof particlesinitshoststhat virusincluson
bodiesare easily seenin thelight microscope when epidermal stripsarestainedin AzureA and heated (Fig. 2). The
necessity for heat differentiatestobamovirusinclusionsfrom other plant virusinclusionsthat will saininAzureA without
heat (Christieand Edwardson 1994).

Fig. 2. Inclusions of Pepper mild mottle virusin apepper leaf cell
stained in AzureA with heat. (Photography credit: Carlye Baker)

Thesetwo techniqueswill only indicateif theinfection iscaused by atobamovirus. Thismay beall that isneeded since
control measuresarethe samefor al tobamovirus. Toidentify the specific tobamovirusother techniques, suchasELISA,
arenecessary. Virus-specific antiseraareavailable commercialy for three of thefour viruses(TMV, ToMV, and PMMoV).
Thevirusescan also be separated by inoculation toindicator plants.
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CONTROL: The best defense against tobamovirusesisavoidance. Thefirst line of defenseisto grow plantswith
resistanceto tobamoviruses. Whenthat isnot possiblethe second best defenseisto grow plantsonly from certified virus-
freeseed. Growersof specialty peppersor tomatoes may not be ableto obtain seed certified to bevirusfree. These
growerscan protect their crop by treating seedsbefore planting asfollows:

1. Mix 2 pintsof 5.25% sodium hypochlorite solution (household bleach, e.g., Clorox®) in 8 pints of water.
(Preparefresh bleach solution for each batch of seed.)

2. Wash one pound of cleaned, fresh or dry, seed in onegallon of the mixturefor 40 minutes. Provide gentle
and continuousagitation.

3. Remove seed promptly and spread on paper to air dry. Place dry seed in aclean container. (Do not
recontaminate the seed by placingin used containers.) (Averre and Gooding 2000.)

Because seed treatment can reduce germination, it iswiseto treat asmall batch of the seed before doing thewholelot.
Research hasa so shown that prewashing seed with asurfactant such astrisodium phosphate (one ounce of TSPintwo
quartsof water) for 15 minutes can enhancethe treatment (Gooding 1957).

If resstant plantsor certified virus-freeseed isnot available, and if seed trestment isnot poss ble, then the next best defense
isto handletheplantssparingly. Ingenerd, thelessthe plantsare handled thelesslikely they will becomeinfected witha
tobamovirus. Studieson the seed transmission of tobamoviruses haveindicated that virusparticlesonthe external seed
coat areresponsblefor thelater infection of seedlings. Thesevirusparticlesmovefrom the seed coat onto therootsand
shootsof the plant asit germinatesand grows. These studiesa so show that wounding of the plant isnecessary for thevirus
particlesto enter the plant tissue (Demski 1981). Wounding can occur with transplanting and any other timetheplantsare
handled.

Inaddition to using certified or treated seeds, follow rigid sanitation procedures. All workersthat handlethe plants,
especidly smokers, should wash their hands, fingernails, and forearmsthoroughly with 70% a cohol or strong soap before
handling plants. The outer garments used by workers should be washed regularly with detergent and hot water.

If suspicious symptoms appear, isolate the plant or plants and send a sample to a plant disease diagnostic lab. If a
tobamovirusisdiagnosed, carefully removetheinfected plantsand thoroughly clean al equipment and surfacesinvolved
with asolution of sodium hypochlorite (0.26% NaOCI —household bleach such as Clorox® with or without 0.01%
dishwashingliquid). Onestudy (Peategaset al 1989) indicated that treating pruning shearsfor 10 minuteswas necessary to
inactivate TOMV and that several (not just one) treatments of exposed surfaceswererequired to removethethreat of
reinfection.

If theinfectionisfoundinafidd, carefully removetheinfected plantsonly if additiona contact to adjacent hedthy plantscan
beavoided. Remove symptomlessplantson either side of theinfected plant or plantssincethe virusmay have already
spread to those plantsby contact with theinfected plants. If theinfected plantsare not removed, stake, tieor harvest the
infected field last to avoid further spread. Discard stakesfrom infected fields or soak them in 3% trisodium phosphate
beforereuse (Adkinset al 2001). Do not plant susceptible plantsin aninfected field for at least two years.
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SUMMARY: InFlorida, the production of pepper and tomato transplantsand the production of fresh market peppers
andtomatoesaremulti-milliondollar industries. Becauseyieldlossesto tobamovirusinfection can beanywherefrom 20-
100%, it isvery important to the Florida pepper and tomato industriesto have and maintain plantsfree of tobamovirus
infectionsboth inthe greenhouse and inthefield. Tobamovirusesarevery easy to spread but exceedingly difficult to
eliminate. Avoidanceisthebest option. Control of these diseasesisliterally and figuratively in the handsof thegrowers
themselves.
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