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HortScience 35(5):882—-884. 2000. mutant) bacteriophages was developed to
. overcome the problems experienced in the

past (Jackson, 1989). H-mutant bacterioph-

Contr0| Of BaCterlal SpOt On Tomato ages, capable of attacking an extended range
of hosts, are spontaneously derived from their

Iﬂ the Gl’eenhOUSG and Fleld Wlth wild-type parent bacteriophages, and are so

named because they lyse not only parent

H -m utant B aCte rl O p h ag eS wild-type bacteria, but also bacteriophage-

resistant mutants originating from parent bac-

1 3 teria (Davis et al., 1973).
J.E. Flaherty?, J.B. Jone§, B.K. Harbaugh?®, G.C. Somodt, and The objective of this study was to evaluate

L.E. Jacksort - -

. . . . h-mutant mixture of bacteriophages as a
Gulf Coast Research and Education Center, University of Florida, 5007 @l@omrm agent foxcv.on tomatopsegd”ngs
Street East, Bradenton, FL 34203 grown under greenhouse conditions and on

staked tomatoes in field production. Bacte-
riophages were compared to the standard com-

Abstract.A mixture of host-range mutant (h-mutant) bacteriophages specific for tomato Mercial control strategy that utilizes bacteri-
race 1 (T1) and race 3 (T3) of the bacterial spot pathogeXanthomonas campestripv. ~ cides (copper/mancozeb) for control of this
vesicatoria(Doidge) Dye was evaluated for biological control of bacterial spot on ‘Sun- €conomically important disease.

beam’ tomato (Lycopersicon esculenturilill.) transplants and field-grown plants for two

seasons (Fall 1997 and Fall 1998). Foliar applications of bacteriophages were compared Materials and Methods

with similar applications of water (control) and of copper/mancozeb bactericides, the )

commonly used chemical control strategy for tomato seedling and field production. In ~ Seedling stage (Fall 1997, 1998pun-
1997, the incidence of bacterial spot on greenhouse-grown seedlings was reduced froRgam’ tomato seeds were sown 6 July 1997 or
40.5% (control) to 5.5% or 0.9% for bactericide- or bacteriophage-treated plants, 7 July 1998 into a soilless mix in styrofoam
respectively. In 1998, the incidence of bacterial spot was 17.4% on control plants vs. 5.594lats (43 cni cell size; Speedling, Sun City,
and 2.7% for bactericide- and bacteriophage-treated plants, respectively, although theseFla.), and placed in a fiberglass production
differences were not statistically significant aP < 0.05. Applications of bacteriophages to house [30 to 33C (day)/20 to 25C (night)
field-grown tomatoes decreased disease severity as measured by the area under the dised§8Peratures] to germinate and reach the two-
progress curve (AUDPC) by 17.5% (1997) and 16.8% (1998) compared with untreatedto-three leaf stage weeks) before initiation
control plants. Preharvest plant vigor ratings, taken twice during each field season, were©f treatments. Seedlings were watered as
higher in the bacteriophage-treated plants than in either bactericide-treated plants or needed with overhead irrigation. The treat-
nontreated controls except for the early vigor rating in 1998. Use of bacteriophagesments were as follows: 1) control (water only);
increased total weight of extra-large fruit 14.9% (1997) and 24.2% (1998) relative to that 2) copper/mancozeb [a mixture of Kocide
of nontreated control plants, and 37.8% (1997) and 23.9% (1998) relative to that of plants101° (Griffin Corp., Valdosta, Ga.) at 2.08
treated with the chemical bactericides. Chemical names used: manganese, zinc, carboxy@ L™ a.i. and Manzate 200 DRDuPont,

ethylene bis dithiocarbamate (mancozeb). Wilmington, Del.) at 1.05 g-£ a.i.] applied
every 5 d; or 3) a mixture of four h-mutant
Xanthomonas campestfiy. vesicatoria thwarted genetic approaches for providindpacteriophages (Agriphage; Agriphi, Logan,
(Xcv) causes bacterial spot disease on tatable resistance in commercial cultivars obtah) diluted to a final concentration of810
mato and peppefC@psicum annuurh. var. tomatoes and peppers (Jones et al., 1999laque-forming units per mL (pfu/mL) ap-
annuun) plants. This disease can be ecoKousik and Ritchie, 1996; Pohronezny et al.plied in each irrigation event. The flats were
nomically devastating to growers, especiallyl992). Copper-containing bactericides havereated for 3 weeks before seedlings were
in warm and damp climates (Pohronezny anbeen used to control bacterial spot for mangransplanted to the field. The experimental
Volin, 1983). Attempts to control this patho-years, but their effectiveness has been hardesign was arandomized complete block with
gen with a variety of chemical, biological,pered by the emergence of copper-resistafdur replications.
and genetic strategies have had limited sustrains of the pathogen (Jones et al., 1991; One week after initiating treatments, the
cess (Jones and Jones, 1985; Jones and Sdtarco and Stall, 1983). The development ofenter plant in each flat was inoculated with
1986; Scott and Jones, 1986). Race shiftsacteria resistant to antibiotics and chemicalgcv. by infiltrating a suspension containing
among populations ofanthomonasp. have and concomitantreduction in efficacy of these1(® cfu/mL of a mixture of twdXcv.tomato
bactericides has sustained interest in develace 1 (T1) and two tomato race 3 (T3) strains.
Received for publication 26 July 1999. Accepted fopping alternative control strategies to combabisease incidence (percentage of plants ex-
publication 10 Dec. 1999. Florida Agricultural bacterial diseases in vegetable crops. hibiting bacterial spot symptoms) was assessed
Experiment Station Journal Series no. R-07021. We Bacteriophages (phages) are viruses thédr each flat 1 day prior to transplanting.
thankthe Florida Tomato Committee and the USDAp |y invade bacteria. They are generally spd-esions from each treatment were sampled
tshBa'n'T(g’ifcﬁﬁgﬁ‘;ffgr”gi'ggrglf;;‘éstégﬁﬁiglha'svs\g;:rlfcocies or subspecies specific, do not infecand the isolated bacteria were confirmed to be
and contributions to this research. Use of trad%ontarget, beneficial bacteria, and also arkcv._ .
names does not imply endorsement of products gontoxic to humans. As early as 1926 (Moore,  Field stage (Fall 1997, 1998Jhirty seed-
criticism of similar ones not mentioned. The cost o 926), bacteriophages were used as lags, chosen at random from each flat, were
publishing this paper was defrayed in part by th@iocontrol agent and were effective in contransplanted into field plots on 15 Aug. 1997
payment of page charges. Under postal regulationgplling Stewart’s disease in corn (Thomaspr 19 Aug. 1998. The field plots consisted of
this paper therefore must be hereby madaeer-  1935). Using bacteriophages, Civerolo anthree raised beds spaced on 152-cm centers
tisementsolely to indicate this fact. Kiel (1969) reduced bacterial spot disease afith plants spaced 45-cm apartin the row. The
;Assf'Stam Ir} Pllant Pa;]hTOgy/HOf“CU'ture- ____peach seedlings caused Bfanthomonas beds were 20-cm high76-cm widex 630-cm
Oirglzﬁtsg;hzl‘z”tPel‘jnﬁlog%’-':clc‘)‘;rde;ti‘ggge%gz ryzaeby 86% to 100%. However, use oflong, and were previously fumigated with
Hall Gainesvilleg)é’L 32611, ' bacteriophages was aba_mdoned becal_Jse &% methyl bromide : 33_% ch!oropicrin at
sprofessor of Floriculture. To whom reprintthe emergence of bacterial mutants resista@B9 kg-ha, and covered with white-on-black
requests should be addressed. E-mail addred® the bacteriophages used and the develofwhite side up) polyethylene mulch. Standard

Additional index works. Xanthomonas campegivisvesicatoria, Lycopersicon esculentum

brenth@nersp.nerdc.ufl.edu ment of successful control measures witffiertilization and seepage irrigation practices
“Research Scientist, Agriphi, P.O. Box 4296, Loantibiotics and other chemicals. An approackvere used, and all plots were sprayed weekly
gan, UT 84323. that uses a mixture of host-range mutant (twith the standard fungicide and insecticide
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treatments for foliar fungal pathogens and Fall 1998 The average incidence of bacteTable 1. Effects of bacteriophages and chemical

insect pests (Hochmuth et al., 1988). rial spot on greenhouse grown transplants was bactericides on incidence of bacterial spot on
Each field plot consisted of three rows of 18.7.4% in the control flats vs. 5.5% for plants__tomato seedlings in the greenhouse.

plants each. Field treatments were initiatetteated with copper-mancozeb or 2.7% for Bacterial spot incidenég%)

immediately following transplanting. Seedlingsplants treated with bacteriophages; howevey, o iment 1997 1998

from each of the greenhouse treatments wedifferences were not significantRi 0.05.  =5irol 205 & 174 a

subdivided into the following three field Copper/Mancozeb  5.5b 55a

treatments: 1) untreated control; 2) coppertield stage Bacteriophage 0.9b 27a

mancozeb (same rate as above) applied as foliar . . “Percentage of seedlings with bacterial spot imme-
sprays every 4-5dforatotal of 18 (1997) or 24 There were no interactions betweenjiately prior to field transplantation.

(1998) applications; or 3) bacteriophages agreenhouse and field treatments for eithefean separation within columns by Duncan’s
plied as foliar sprays twice weekly (same rate aseason in these 8 3 factorial-designed multiple range tes® < 0.05.
above) for atotal of 29 applicationsin both 199&xperiments, so the main effects will be
and 1998. Bacteriophages were applied at discussed.
before daybreak to minimize UV degradation. Fall 1997. The greenhouse treatments hadive to copper bactericides and may serve to
Bacteriophage and copper/mancozebtreatmerats effect on AUDPC ratings in the field, assignificantly reduce economic losses incurred
were applied by spraying to runoff using a 276eedlings treated with bacteriophages displaydty tomato growers due to the bacterial spot
kPa compressed G@®prayer until full cover- a significantly lower AUDPC value than pathogenXcv. The probable environmental
age was obtained. either the control or seedlings treated withpenefits of reducing copper- containing pesti-
Disease severity ratings were recordetlactericides (Table 2). However, greenhousgides suggest another distinct advantage of
using two different procedures. The first intreatments had no effect on either lesion countBis method.
volved determining lesion numbers on 30 leafer plant vigor ratings. Field treatments af- The effectiveness of conventional bacteri-
lets collected from separate leaves. This prdected both AUDPC values and plant vigorcides (i.e., copper compounds and streptomy-
cedure was performed on 6 Oct. during theatings but not lesion counts. Plants in fieldin) used for controlling bacterial diseases has
Fall 1997 field season and on 15 Oct. duringlots treated with copper/mancozeb or bactéeen limited as a result of the common occur-
the Fall 1998 field season. The second diseasephages had significantly lower AUDPCrence ofXcv.strains resistant to streptomycin
severity rating consisted of assessing the peralues than did control plants. Plants treate@nd copper (Marco and Stall, 1983; Thayer
centage of defoliation on three dates using theith bacteriophages had significantly higheand Stall, 1962). With the high probability of
Horsfall-Barratt scale (Horsfall and Barratt,plant vigor ratings than did control plantsXcv. strains developing resistance or being
1945) and calculating the area under the disvhich, in turn, had higher ratings than didresistant to the various bactericides now exist-
ease progress curve (AUDPC, Shaner armlants treated with copper/mancozeb. ing, bacteriophage mixtures containing sev-
Finney, 1977) for each plant. This area was Seedlings treated with bacteriophages igral h-mutants offer an excellent strategy to
used for statistical analysis. Along with dis-the greenhouse produced more extra-large frutaintain effective controlXcv. strains may
ease severity ratings, plant vigor was ratedt harvest than did control plants, whereas tr@evelop resistance to wild-type bacterioph-
twice prior to harvesting fruit (10 Sept. and 1opper/mancozeb treatments resulted in plangges; however, the likelihood Btv. strains
Oct. 1997; 12 and 30 Oct. 1998) on a scaleith intermediate numbers and weight of extraleveloping resistance to multiple h-mutants is
ranging from 0—7, where O represented a spartge fruit. For the field treatments, numberemote. Furthermore, if resistaXitv. strains
plant canopy, necrotic leaf spots on most of thand weight of extra-large fruit were increasedleveloped, new virulent bacteriophages could
leaves on each plant, and severe epinasty sifjnificantly by the bacteriophage treatmentpe identified to control those strains.
new growth; and 7 represented a uniform plartut not by copper/mancozeb. The numbers or Future studies will examine the effective-
canopy, few or no necrotic leaf spots on mosteights of large or medium size fruit were noness of compounds that may extend the life of
of the leaves of each plant, and lack of epinassffected by either greenhouse or field treatacteriophages in the field, thus eliminating
on new growth. Marketable fruit was har-ments. the need for early morning spraying, reduc-
vested from 10 plants from each plot on 23 Fall 1998.Greenhouse and field treatmentdng application frequencies and overall costs.
Oct.; 4 and 10 Nov. (Fall 1997); and 3 and 1influenced AUDPC ratings of field plants. The possibilities of using h-mutant bacte-
Nov. (Fall 1998). The fruit were graded ac-Treatment of seedlings with bacteriophages ifiophages for preventing bacterial diseases in
cording to size and then weighed. the greenhouse significantly reduced AUDP®ther crops such as geraniuRe(argonium
The 3 (greenhousey 3 (field) factorial values, but treatment with copper/mancozeshortorum L.H. Bail.) and poinsettia
treatments were replicated four times in aid not (Table 2). Greenhouse treatments digEuphorbia pulcherrimawilld.) production
split-plot design (main plots = greenhouseot influence lesion counts or plant vigor ratare also under investigation (Harbaugh et al.,
treatments) (Fall 1997), or a randomized comings in the field. However, field-bacterioph-1999).
plete-block design (Fall 1998). Significanceage treatments significantly reduced lesion

of the main factors and interactions were dezount number and stimulated growth while Literature Cited
termined by analysis of variance (ANOVA) copper/mancozeb treatments had an interme- ) o
procedures using SAS (SAS Inst., Cary, N.C.Yiate effect. Civerolo, E.L. and H.L. Kiel. 1969. Inhibition of

Where significant® < 0.05) main treatment  Greenhouse treatments did not influence bf‘lf;ie;ﬂ;z‘;’igo';gezcgI]c"tigggtﬁg{‘;hog_’;‘gg(s_
effects occurred, differences between mearfsuit numbers or weights. However, the num- P phage. Fhytop gy>=:
were determined by Duncan’s multiple rangder and weight of extra-large and large fruib,is B.D. R. Dulbecco. H.N. Eisen H.S. Ginsburg

test @ < 0.05). were greater with field-bacteriophage treat- \v.g. wood, and M. McCarty. 1973. Microbiol-
ments but not with copper/mancozeb. ogy. 29 ed. Harper and Rowe, Hagerstown,

Results Md. _

Discussion Harbaugh, B.K., J.B. Jones, L.E. Jackson, G. Somodi,

and J.E. Flaherty. Biological control of bacterial
In this study, applications of bacterioph- blight of geranium with h-mutant bacterioph-
Fall 1997 Seedlings treated with eitherages consistently reduced incidence ang 29€s: HortScience 33:519. (Abstr.)

copper/mancozeb or bacteriophages displayseverity of bacterial spot disease caused y0 Clhgn;gth’.re"]" D-N. Maynard, and M. Sherman.
s . S . . . . . Tomato production guide for Florida.
significantly lower disease incidence (5.5%Xcv.This resulted in healthier, more vigorous  rqriga Coop. Ext. Circ. 98C.

and 0.5%, respectively) than did the wateplants that produced significantly better yield$yorsfall, 3.G. and R.W. Barratt. 1945. Animproved
control (40.5%), (Table 1). The copper/than did control plants or plants treated witha system for measuring plant disease. Phytopa-
mancozeb and bacteriophage treatments ditlandard copper/mancozeb bactericide. Thus, thology 35:655.

not differ significantly from each other. bacteriophages are a very promising alternaackson, L.E. 1989. Bacteriophage prevention and

Seedling stage
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Table 2. Main effects of h-mutant bacteriophage and chemical bactericides applied during greenhouse production of sgsaliewyduning field production
of staked tomatoes on disease incidence and severity and fruiting parameters of ‘Sunbeam’ tomatoes, Fall 1997 andtEedicti®@&ffects of greenhouse

x field treatments were not significantly differeR&0.05). Main effect means for seedling treatments are averaged over field treatments, and main effect means

for field treatments are averaged over seedling treatments.

Fruit no. and yield

Plant health Extra large Large Medium
Treatment AUDPC Incidencé Vigor I*  Vigor Il No. Total wt (kg) No. Total wt (ky) No. Total wt (kg)
Fall 1997
Greenhouse effects
Control 11394 338a 43a 31la 115b 21.4b 63 a 9.1a 30a 32a
Copper/Manc. 105.3a 295a 40a 36a 131 ab 25.5ab 69 a 10.0a 27 a 32a
Bacteriophages 825b 323a 3.8a 31la 143 a 273 a 71a 10.0a 27 a 3.2a
Field effects
Control 1136 a 324a 28b 36b 126 b 24.1b 67 a 95a 32a 36a
Copper/Manc. 94.4b 355a 16¢c 27c¢ 119b 22.3b 65 a 9.1a 25a 27a
Bacteriophages 93.7b 282a 45a 4.7 a 143 a 27.7a 72 a 10.5a 27 a 32a
Fall 1998
Greenhouse effects
Control 192.2 a 16.2a 42a 54a 126 a 255a 65 a 95a 35a 41a
Copper/Manc. 1916 a 109a 41a 5.7a 134 a 282a 63 a 9.1a 30a 32a
Bacteriophages 175.8b 10.8 a 39a 54a 137 a 305a 68 a 10.0a 32a 41a
Field effects
Control 2019 a 223a 35a 49c 123 b 24.1b 58 b 8.6b 32a 36a
Copper/Manc. 189.6 a 134b 38a 55b 121 b 26.8b 62 ab 9.1b 30a 36a
Bacteriophages 168.0 b 6.4c 48a 6.0a 154 a 332a 76 a 109 a 34 a 41a

AUDPC = area under the disease progress curve.

YAverage number of bacterial spot lesions per leaflet based on sample of 30 leaves per plot.

*Scale from 0-7: 0 = sparse plant canopy, necrotic leaf spots on most of the leaves on each plant, severe epinasty of rewrgfomtiplant canopy, few
or no necrotic leaf spots on most of the leaves on each plant, lack of epinasty of new growth.

“Mean separation within columns for greenhouse or field effects by Tukey's Studensizediige test? < 0.05.

control of harmful plant bacteria. U.S. Patentousik, C.S. and D.F. Ritchie. 1996. Race shifts iflPohronezny, K., and R.B. Volin. 1983. The effect of

No. 4,828,999. Xanthomonas campestps.vesicatoriawithin bacterial spot on yield and quality of fresh mar-
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State Hort. Soc. 98:244-247. rial spot of pepper initiated by strains of  pv.vesicatoria(Doidge) Dye] in tomato. Hort-
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Jones, J.B., R.E. Stall, J.W. Scott, G.C. Somodi, HMoore, E.S. 1926. D'Herelle’'s bacteriophage in  mildewing resistance in Knox wheat. Phytopa-
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race oXanthomonas campestps. vesicatoria 23:306. Thomas, R.C. 1935. A bacteriophage in relation to
Plant Dis. 79:395-398. Pohronezny, K., R.E. Stall, B.I. Canteros, M. Stewart’'s disease of corn. Phytopathology
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