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Isolation of Actinomycetesand Endospore-forming
Bacteria from the CacaoPod Surfaceand Their
Antagonistic Activity againstthe Witches' Broomand

Black Pod Pathogens
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In this study actinomycetesndendospore-formingpacteriawereisolatedfrom the surface
of cacaopods. The actiity of thesemicrooiganismsagainstCrinipellis perniciosaand
Phytophthoa palmivom, causalagentsof witches' broomandblack pod disease®f cacao,
respectiely, was investigated. A total of 336 isolatesof actinomycetesaand endospore-
forming bacteriaweretestedon a detachegod assayagainstC. perniciosa The screening
proceduraisedprovedto befastandinexpensie, allowing theselectiorof veactinomycetes
as the most promising isolatesfor the biocontrol of C. perniciosa Under laboratory
conditions the actinomyceteswere able to inhibit 100% of C. perniciosabasidiospore
germination. However, under eld conditionsthe selectedactinomycetesvere unableto
protectcacaopodsagainstboth pathogensin theseexperimentsjnhibition of C. perniciosa
rangedfrom 6% to 21%in relationto the control, whereagherewasno inhibition of black
pod causedby P. palmivora. Formulationsneedto be improved in orderto enhancethe
actwity of theactinomyceteagainsttacagathogenin the eld. Molecularidenti cation of
theselectedsolatesshavedthatthey arespeciesof the genusStreptomyces

KEY WORDS: Theobbma cacao; biological control; actinomycetesgndospore-forming
bacteria;Streptomycesp.; Crinipellis perniciosa;Phytophthoa palmivorma.

INTRODUCTION

Cacao(Theoboma cacag is widely cultivatedin the tropics of Southand Central
America,Asia, andAfrica. In Brazil, witches'broomdiseaseausedy thebasidiomycete
Crinipellis perniciosais the mostlimiting factorfor cacaocultivation (26). The pathogen
is ableto infect all meristematigpartsof cacaoplants,including vegetative buds, o wer
cushionsandpods(26). In thesoutherrregion of BahiaState Brazil, lossesipto 70%were
inicted by the diseasdollowing its outbreakin 1989 (2). More resistantgenotypesare
beingdevelopedandthis control stratayy is expectedto reducethe severity of the disease
(34). The control of witches' broomdiseasewith fungicidesis not alwaysefcient and
economicallyfeasible(24). Biological controlis beinginvestigatedn sereral countries
with different microomganismsobtainedfrom various parts of cacaotrees(4,5). The
mostpromisingresultsobtainedto datewerewith the useof Trichodermastromaticum a
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mycoparasit®f C. perniciosa thatcauses reductionin theproductionof thebasidiocarps
andconsequentlyn the numberof basidiosporesyhich aretheinfective structuresof the
pathoger(5). However, thismycoparasiteloesnot protectthe plantagainsnew infections.
In this context, it is importantto developstrata@yiesto protectthe susceptibldissuesof the
plantagainsthe pathogen.

Black pod, causedby Phytophthoa spp.,is an economicallyseriousproblemin all
areasof theworld wherecacaois grown. In Brazil, lossesdueto black podvary between
20% and 30% (26). Thereare few sourcesof resistanceand the situationis especially
complicatedbecausehereare four speciesof Phytophthoa associatedvith this disease
(26). Chemicalcontrol with copperbasedfungicidespresentsgood results, but is not
alwayseconomicallyfeasible(10). Thebiologicalcontrolof this diseasénasrecevedlittle
attentionandmostattemptshave beenmadewith antagonistidungi (22).

The phylloplane aerialplantsurfacesjs inhabitedby numerousanddiversemicrobes
(21). In thiscomplex microbiologicalhabitat,themostdiverseinteractionsamongmicroor
ganismsoccur It is possibleto nd microomganismsadaptedo thesehabitatsand with
notableantagonistiactivity againstpathogeng7). Besidesheingmicrobiologicallyrich,
the phylloplaneis extremely inhospitablebecauseof its large variationsin temperature,
light, water and nutrients(3). To survive in theseervironmentsbacteriahave adopted
two stratgjies: resistanceandescape.The rst requiresthe capacityto tolerateextreme
conditionsby the productionof resistancestructuresandcertaincompounds.The second
considergthe ability of the bacteriato explore siteslessproneto ervironmentalstresses
(6). Whentheseepiphytesareconsideredor biological control, their populationdensities
mustbe high enoughto exertanantagonistieffectagainsthe pathogenThey alsoneedto
maintaintheir populationin time, whichis achievedthroughresistancstructureghatallow
theirsurvival underadwerseconditions.Bacteriabelongingto the Bacillusgroupareableto
producestructurecalledendosporesyhich areconsideredo beamongthe mostresistant
biological structuresknown (27). The mechanismsénvolvedin the biological control by
thesebacteriainclude antibiosis(13), competitionfor space waterandnutrients,andthe
activationof a plant's defenseesponse$§33).

Actinomycetesconstitutea morphologicallydiversegroup, distinguishedirom other
Gram-positve bacteriaby their lamentous growth and GC-rich DNA (23). Although
actinomycetesare presentin both terrestrialand aquatic ervironments(16), the great
majority of the researchon biological control focuseson the isolation and use of these
organismson therhizosphereandrhizoplang(16). Severalactinomycetesreproducersof
antimicrobialcompoundsableto inhibit the growth of otherbacteria fungi, andprotozoa
(11). For thisreasorthey arebeingstudiedwith the objective of obtainingnew antibiotics
(27). Theseorganismshave a greatcapacityto survive in adwerseervironments. It was
shawvn thattheability to accumulatdnighendogenousoncentrationsf trehaloseés related
to the capacity of theseorganismsto resistdry conditionsdue to the preseration of
membranentegrity by this substanc€9).

Although it is assumedhat a high populationof microomanismsis associatedvith
all partsof cacaoplants,thereis little or no informationavailableon the microorganisms
obtainedfrom the pod surfacewith respecto biological control. In the presentresearch
the objectveswereto isolate and selectendospore-formindpacteria,including the ones
from the Bacillusgroupandactinomycetefrom the surfaceof cacagpods.We focusedon
the ability of thesebacteriato protectsusceptiblgpodsagainstC. perniciosa A detached
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pod assaywas employedin the selectionof microorganismswith the potentialto control
witches'broomandthe onesselectedasthe mostpromisingweretestedagainstlack pod.
Theselectednicroomganismswvereidenti ed by partialsequencingf the 16srDNA.

MATERIALS AND METHODS

Sampling, isolation, and cultivation of the biocontrol agents Cacaopodsin different
developmentstagesandfrom differentgenotypeswere collectedfrom farmsin the south
of Bahia State, Brazil. The methodof Foldeset al. (13) was adoptedfor isolation
of endospore-formingdpacteria. In short, 3-cn? fragmentsfrom the surfaceof the pods
were transferredto 15 ml of Finley and Fields' liquid mediumto inducethe formation
of endosporesThis mediumcontainedmeatextract(3 g | 1), peptone(1.9g1 1), and
MnSQ, (0.03g | 1) adjustedto pH 7 (12). After 3 daysof incubationat 25 C with
shaking,a 500- | aliquotof the mediumwasheatedat 80 C for 10 min to inactivatethe
vegetatiecells. Thesamplevasspreacnsolidagarat15g! ! Finley andFields' medium
and incubatedfor 48 h at 25 C. Individualized colonieswith different morphological
characteristicsvere selected transferredand maintainedon petri dishescontainingthe
samemedium.For theisolationof actinomyceteghetechniqueof HirschandChristensen
(19) was used. Pod sampleswere exposedto 70 C for 72 h and extractedwith saline
solution(NaCl 0.85%)amendedvith Tween80 (0.05ml | 1) for 24 h. A 15-ml aliquot
of the extractwaspassedhrougha 0.45-mm lter andthe membranesveretransferredo
soil extract mediumcontainingcyclohexamide(10 mg ml 1) andincubatedat 25 C for
5 days. Soil extractmedium(31) is composeddf 100ml | ! of soil infusion supernatant
(200g soill 1, boiledfor 5 min, anddecantedor 15min), glucose(1g! 1), K,HPQ, (0.5
gl 1), KNO3z (0.1g! 1), agar(15g! 1), pH 7. After theincubation,membranesvere
removedandthe petri dishesincubatedor 5 additionaldays. Actinomycete-lile colonies
werepuri ed and maintainedon the samemedium. All strainswere storedat—80 C in
tryptic soy brothamendeadith glycerolto a nal concentratiorof 10% (v/v).

Pathogen cultivation and inoculum production Isolate ALF 42 of C. perniciosa
obtainedfrom greeninfectedbranchedn Itajuipe, Bahia State,Brazil, was usedin all
assays. Basidiosporeproductionwas basedon a modi ed methodologyproposedby
Grif th and Hedger(17) and Niella et al. (29). The funguswas cultivated on PDA
for 10 daysunderlaboratoryconditions. Mycelium plugswere thentransferredo petri
dishescontaininga sterilesubstratecomposeaf a homogeneousiixture of nely ground
dry brooms,which are hypertrophic,and hyperplasiccacaobranchegesultedfrom the
pathogers colonization(37%), oat our (10%),CaSQ (1.5%)andwater(51.5%). Petri
disheswerekeptin anincubatorat25 C for 15days.Fully colonizedsubstratevasplaced
in a glasschamber(1.0 0.5 0.5m) submittedto a watering regime of 1 | min 1!
day ! anda photoperiodof 8:16 L:D. After 15 daysof incubation,the watersupplywas
interruptedfor 4 daysto inducebasidiocargformation. The basidiocarpgroducedwere
collected surface-sterilizedvith streptomycirsulfate(150 g ml 1), washedwith sterile
distilled water and had their caps x ed with vaselineto the upperpart of petri dishes.
The lower part of the capremainedfree for the dischage of basidiosporeswhich were
collectedin a solutioncontainingglycerol (16%) and 2-(N-morpholine)ethanesulphonic
(MES) acid (0.195%)with shakingfor a periodof 18 h underlaboratoryconditions(15).
Basidiosporesuspensiong/erekeptin liquid nitrogenuntil use. Phytophthoa palmivorm
isolateALF 625, obtainedfrom a greeninfectedpod collectedin Itajuipe, was cultivated
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on a mediumcomposeaf the extract obtainedby boiling 25 g of carrots,tomatoextract
(45g1 1), CaCQ (3g!l ') andagar(15g! 1). For zoosporegproduction,P. paimivora
was cultivatedfor 7 daysin the dark and 3 daysunder uorescentlight (40 w). To each
plate,10 ml of cold waterwasaddedplateswereincubatedor 15 min in arefrigeratorand
for 20 min atroomtemperatureZoosporesverecollectedandthe concentratioradjusted
to 10° zoosporesnl * (25).

Inoculum of the biocontrol agents For thelaboratoryexperimentontheselectiorof the
mostpromisingbiocontrolagentsjnoculumof endospore-formingpacteriawasproduced
by cultivating the isolatesfor 24 h on Finley andFields' mediumandthe actinomycetes
for 5 days on soil extract medium (31). The propagulesusedwere vegetatve cells
for endospore-formindacteriaand sporesfor actinomycetes. The vegetatie cells or
sporeswere suspendedn saline solution (NaCl 0.85%) amendedwith Tween80 (0.05
ml | 1) andthe concentratiorwasadjustedwith a spectrophotometen As40=0.8. In the
experimentson the effect of the type of propaguleon the germinationof C. perniciosa
basidiosporessporesof the actinomycetesvere producedas describedabove for the
laboratoryexperiments.

Vegetatize cells andthe supernatantvere producedby cultivating the actinomycetes
in amodi ed TSB medium,containingpeptone(12.5g | ') andNaCl (5g1 1). After
incubationat 25 C for 48 h under shaking, vegetative cells were separatedrom the
supernatanby centrifugingat 10,000 g for 15 min. The sporesproducedon soil extract
mediumand vegetatie cells were suspendedn saline solution and their concentration
was adjustedas describedabove. For the experimentson the effect of the formulations
on the germinationof C. perniciosabasidiosporesthe actinomycetesvere cultivatedas
describedabore for obtainingvegetatize cells. The suspensionsvere addedto eachof
the vefollowing formulations:(i) yeast-sucrose&somposeddf 20% of freshyeast(Burns
Philp, PederneirasSP Brazil) autoclared for 30 min at 120 C, 0.01% of xanthangum
(Tec Pharma Sao Paulo, Brazil), 0.1% of sucrose10% of Hoaglands solutionand0.1%
of Tween80; (ii) colloidal chitin 0.03% plus Break-thrii0.03% (GoldschmidtChemical
Corp., Hopawell, VA, USA); (iii) peptonel% plus OPRA*2% (Petrobras Macae, RJ,
Brazil); (iv) sucrose2% plus Break-thrii0.05%;and (v) meatextract 2% (Knorr, Pouso
Alegre, MG, Brazil) plus Break-thrii0.05%. The nal concentratiorof all formulations
wasadjustedo Asso= 0.8. For the eld experimentson the actvity of the actinomycetes
againstP. palmivom, the ve isolateswere cultivatedandthe inoculumwas preparedas
describedor the experimentson the effect of the formulations. Theisolateswereapplied
with thefollowing formulations:salinesolution;yeast-sucrosegndmeatextract. Controls
weretreatedwith theformulationswithout the microorganisms.

Selectionof the biocontrol agentsunder laboratory conditions For theselectiorof the
mosteffective isolates20- to 30-day-oldpodsof cacaogenotypel SH 516 werecollected,
andwashedvith tapwateranddistilledwater Thesuspensionsf eachisolatewereapplied
by atomizationon the surfaceof one pod until the suspensiomwas closeto runoff. The
podswere keptin a humid chamberfor 24 h for endospore-formindpacteriaand 48 h
for actinomycetes After the incubation,the podswere brushedwith a suspensiorof C.
perniciosacontaining10® basidiosporesnl ! andagainincubatedin a humid chamber
for 3 h. Podswere air-dried andtransparenhail polish was appliedon portionsof their
surface. Fromthe coveredportions,threesectiong3 15 mm)wereremovedfrom each
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pod andtransferredto glassslides, stainedwith cottonblue, and 50 basidiosporesvere
counted registeringthe percentagef germinatecbasidiosporef relationto the control.
Isolatesthatinhibited morethan50% of the basidiosporegyerminationwerere-appliedon
threedetachedhods. Application of the biocontrolagents,C. perniciosa,and evaluation
weredoneasdescribedhbove. The screeningxperimentwasconductednce.

Effect of the type of propagule on the activity of the actinomycetes Becausethe
productionof sporeswasslow and cumbersomethe effect of othertypesof propagules
on the germinationof C. perniciosabasidiosporesvas studied. Spores,vegetatie cells
andthe supernatanof the ve mostpromisingisolatesof actinomyceteg¢Ac4, Ac19, Ac
26,Ac 68andAc 79)selectedn theinitial bioassaysvereatomizedonthreedetacheghods
obtainedfrom thegenotypel SH516. After the applicationof the actinomyceteshe pods
wereincubatedat25 C for 48 h. Theapplicationof C. perniciosainoculumandevaluation
weredoneasdescribedor the screeningexperiments. The treatmentsverethe different
inoculumtypesof eachof the ve selectedsolatesof actinomycetesuspendeth saline
solution. The experimentwasrepeatedwice.

Effect of the formulations The effect of ve formulations (see: Inoculum of the
BiocontrolAgentssection)vastestedor the vemostpromisingisolatesof actinomycetes.
The assaysveredoneon 20- to 30-day-oldpodsfrom genotypelT SH516andICS 1. The
treatmentsvere veformulationsandthe ve selectedactinomycetesEachtreatmentvas
appliedon threepodsin the eld. Podswere maintainedin humid chambersonsisting
of plastic bagsfor 24 h after the applicationof the actinomycetes.The controlswere
eachisolateof actinomycetewithout the formulationsand the formulationswithout the
actinomycetesSerenty-two hoursaftertheapplication podsweredetachedrom thetrees,
broughtto thelaboratorybasidiosporesf C. perniciosawereapplied,andthegermination
was evaluatedas describedor the screeningexperiments. The experimentwas repeated
twice.

Activity againstPhytophthorapalmivora The ve mostpromisingisolatesweretested
againstthe developmentof black pod causedy P. palmivora in eld experiments.Each
treatment(see: Inoculum of the Biocontrol Agentssection)was appliedto seven pods.
After applicationof the treatmentsthe podswerekeptin humidchamberdor 24 h; 72 h

laterthey weresprayedvith azoosporesuspensionintil closeto runoff. After inoculation
of thepathogenpodswereagainkeptin ahumidchambefor 24 h anddiseaselevelopment
wasevaluatedafter 7 daysaccordingo thefollowing index: 1=no symptoms2=diameter
of lesions< 2 mm; 3= lesionswith a diameterbetween2 mm and?2 cm; 4= podswith

up to 25% of the surfacelesioned;5= podswith > 25% of the surfacelesioned(18). The
experimentwasconductedwice.

Statistical analyses Datafrom the laboratoryexperimentswere analyzedin a random-
ized design. The experimentson the effect of different types of propaguleson the
germinationof C. perniciosabasidiosporesvereanalyzedn a factorialschemewith ve
isolatesandthreetypesof propagules.The experimentson the effect of the formulations
wereanalyzedn afactorialschemewith veisolatesand veformulations. ANOVA was
conductedvith the softwareSAEG version8.0(32).

Molecular identi cation of the actinomycetes The ve mostpromisingisolateswere
identi ed by sequencing fragmentof therDNA gene.GenomicDNA wasextractedfrom
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3- to 4-day-oldculturesaccordingto Hopwood et al. (20). The ampli cation wasdone
with primersp27fandp1401r which arehomologougo the conseredregionsof bacterial
16SrDNA (1). The PCR productswere puri ed by usinga puri cation column (GFX

PCRDNA andGel Bandpuri cation kit, AmershamBiosciencesPiscatavay, NJ, USA).

Sequencingvasdonedirectly by usingthe ampli cation primerson a MegaBACE 1,000
(AmershamBiosciencesphndthe DyeDeoxyterminatorcycle sequencingit (Amersham
Bioscienceshccordingto the manufcturers instructions. Sequencesvere alignedwith

ClustalW1.8(35) andcomparedvith the onesavailablein public databases.

RESULTS

Collection of microorganisms A total of 63 podswere collectedfrom farmslocatedin
ve municipalitiesin the southof Bahia State,Brazil. Fromthesesamples203isolates
of endospore-formindpacteriaand 94 isolatesof actinomycetesvere obtained. To this
collectionwereaddedl? isolatesof endospore-forminfpacteriaselectechy Macagnarin
aM.Sc. researclprojectand22 actinomycetésolatesobtainedrom soil samplesollected
in SouthBahiaby Dr. PrakasiHebbar(MasterfooddJSA). A total of 336isolates 220 of
endospore-formingacteriaand116 of actinomycetesyeretested.
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Fig. 1. Activity of endospore-formindpacteriaand actinomycetesn inhibiting the germinationof
Crinipellis perniciosabasidiospores.

Selectionof the most promisingisolates The datafrom the bioassayon detachegods
shavedthat 7% of the endospore-forminacteriavereableto inhibit the germinationof
C. perniciosabasidiosporeat levels of 60%to 100%,wherea21% of the actinomycetes
wereinhibitory at theselevels. Whentheinhibition classes> 80% are considered(.50%
of the endospore-formingpacteriaand11% of the actinomycetesvereeffective (Fig. 1).
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Fig. 2. Inhibition of Crinipellis perniciosabasidiosporgierminatioronthe surfaceof detached¢acao
pods. Treatmentswith the sameletter do not differ signi cantly accordingto Tukey's studentized
rangetest(P=0.05).Error barrepresentshe S.E.M.

Fig. 3. Germinationof basidiospore®f Crinipellis perniciosaon cacaopod surface. Podswere
treatedin the eld with ve actinomycetesuspendedn saline solution, meatextract, or yeast-
sucrose.Meanswith a commonletter do not differ signi cantly accordingto Tukey's studentized
rangetest(P=0.05).Error barsrepresenthe S.E.M.

Eighteenisolateswereselectedasedn their capacityto inhibit > 50% of the germination
of C. perniciosabasidiospore®n the pod surface (datanot shavn). Of theseisolates,
13 were actinomycetesaind ve were endospore-formindpacteria. The 18 pre-selected
isolateswerere-evaluatedon the pod surfaceandisolatesAc 4, Ac 19, Ac 26, Ac 68, and
Ac 79 wereselectedasbeingthe mostpromisingonesbasedon their inhibitory effectson
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Fig. 4. Effect of actinomycete®n the severity of black pod causedoy Phytophthoa palmivora
under eld conditions. Diseaseseverity wasdeterminedaccordingto anindex, wherel represents
no diseasend5 represents 25% of thepod surfacewith blackpodsymptoms Error barsrepresent
the S.E.M.

basidiosporgerminationfastgrowth andabundantsporulationn the soil extractmedium.

Molecular identi cation The vemostpromisingisolatesvereidenti ed by sequencing
a portionof the 16SrDNA geneandcomparingit with sequencesf the samegenefrom
public databaseNucleotidesequenceweredepositedvith GenBankundertheaccession
numberdDQ06688%0 DQO66889 All isolateswereclassi ed asStreptomycespp.

Effect of type of inoculum on inhibition of C. perniciosa germination In these
experiments, different kinds of inoculum, including supernatantyvegetatize cells and
spores,were usedon detachedpods. The resultsdid not shav ary differencein the
ability of the ve most promisingisolatesto inhibit C. perniciosa All isolatestested
inhibited approximatelyl00% of the basidiosporegermination. However, the inoculum
typesdifferedin their activity againstbasidiosporgermination. Vegetatve cells andthe
supernatanhad similar inhibitory actiity, whereassporeswere signi cantly lessactive
(Fig. 2). Onthebasisof theseresults all otherexperimentsaveredonewith vegetatie cells
producedn modi ed TSB medium.

Inhibition of C. perniciosagermination Severalexperimentsvith cacaogenotypel SH
516 weredoneto testthe effect of the ve mostpromisingisolatesandthe formulations
on the germinationof C. perniciosabasidiospores.The rst experimentsshaved that
meatextract and yeast-sucroserovided the highestlevels of inhibition of basidiospore
germination(datanot showvn), andin further experimentsonly theseformulationswere
used.Salinesolutionwasusedfor comparisorpurposesin generalthe formulationbased
on meatextract shaved the highestinhibition of basidiosporegermination(Fig. 3). The
isolatesestednhibitedfrom 70%to 85% of thegerminationof basidiosporesyhereaghe
control inhibited an averageof 60% (Fig. 3). Statisticalanalyseshaved no interaction
betweenformulationsand biocontrol agents(P> 0.05). Combinationof isolatesAc 79
and Ac 26 did not resultin increasednhibition of basidiosporegermination(datanot
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shawvn). Experimentgloneon cacagpodsfrom genotyped SH516andICS1did notshaw
differencesn theinhibition of basidiosporgermination(datanot showvn), indicatingthat
thecacaogenotypedid notin uence the actiity of theactinomycetes.

Assaysagainst P. palmivora In eld experimentsagainstP. palmivor, none of the
isolatesor formulationswas ableto inhibit black pod at acceptabldevels (Fig. 4). The
averageof thediseasendexesobtainedfor all isolatestestedwashigherthan4.

DISCUSSION

Cacads aneconomicallysociallyandervironmentallyimportantcropfor SouthBahia
State Brazil. Diseasesgspeciallywitches'broomandblackpod,areresponsibldor losses
of up to 70% in this area. Biological control is an attractve methodto managethese
diseasesln this work we isolatedactinomycetesndendospore-formingacteriafrom the
surfaceof cacaopodsandstudiedtheir activity againstwo pathogensThe mostcommon
applicationof actinomyceteandendospore-formingacterian biologicalcontrolis in the
rhizoplaneandplantrhizospherg33), with somereportsof actinomycetesasendophytes
(8). In thiswork we attemptedo nd potentialbiocontrolagentsonthe cacaopodsurface,
becausdalirectdamageas causedy pathogensn this partof theplant.

The selectionprocedurausedin this work enabledsimpleandfastidenti cation of the

ve most promisingisolatesamongthe 336 testedfor the biocontrol of witches' broom
diseaseof cacao. All isolatesselectedas promisingfor biocontrol were obtainedfrom
the pod surface. This procedurevasrevealedto be very ef cient for the systemstudied;
C. perniciosaonly shavs external symptomson podsa minimum of 2 monthsafter the
inoculation(Pomella,A.W.V., unpublisheddata),whereaswith this methodologyresults
wereobtainedwithin 48h. Thisassayalsoeliminatedheervironmentakonditionsghatcan
affect C. perniciosabasidiosporgerminationandpenetration.The screeningprocedurds
lessexpensve andlesstime-consumindghantheonesdoneunder eld conditions.

The results shaved a clear superiority of the actinomycetesn the inhibition of
germinationof C. perniciosabasidiosporesn comparisonwith the endospore-forming
bacteria(Fig. 1). Partial sequencingf the 16SrDNA allowed the identi cation of all
the selectedactinomycetess Streptomycespp. However, identi cation of theisolatesat
thespeciesevel wasnotpossiblebecausef thelow resolvingpowerof the16 SrTDNA gene
to distinguishcloselyrelatedspecieq14). Sequencin@f othergeneswill be necessaryo
identify thesebacteriaat the speciedevel.

Actinomycetesare known as producersof antimicrobial compoundsthat can be
usedin agriculture,medicineand research(27). In particular the genusStreptomyces
is very importantin the productionof thesecompounds. Approximately 50% of the
isolatesfrom this genusare producersof somekind of antibiotic and up to now, more
than 500 different antibiotics have beenshawn to be producedby actinomycetes. For
example, streptomycinand cyclohexamideare both producedby Streptomycegyriseus
kanamycinby S. kanamyceticustetrag/cline by S. aureofaciensnystatinby S. noursej
andchloramphenicoby S.venezuela€27). It is possiblethatthe isolatesselectedn this
work were antibiotic producers. The supernatanand the vegetatie cells were equally
efcient in inhibiting the germinationof the basidiosporegFig. 2), which indicatesthat
the presencef living cellsis not requiredfor inhibition. The higheractiity of vegetatve
cellsin comparisorwith sporesanbeexplainedby the factthatsporesconstitutesurvival
structuresand the productionof antimicrobial compoundsis done by vegetatie cells
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(28). Furthermorewhen sporesare usedasinoculum, they needto germinateto start
the productionof antimicrobialcompoundswhereasvegetatize cells are alreadyactive.
Vegetatize cellsweremoreinhibitory andeasierto obtainthanspores Whereas/egetatve
cellswereobtainedn 48 h, sporesvereobtainedonly in 7 days.

This work shaved that cacaopodsharboractinomyceteshat have the potentialto be
exploredfor biocontrol. Oneof theremaininglimitations of biocontrolis thereproduction
of laboratoryexperimentsin the eld. Althoughthe ve selectedactinomycetdsolates
wereableto inhibit 100% of the germinationof C. perniciosain the laboratory(Figs. 1
and 2), under eld conditionsthe inhibition rangedfrom 6% to 21% (datanot shown).
Experimentson black pod shaved no effect of the actinomycete®n the control of this
disease. Other resultsfrom our laboratoryshaved that diseaseindices lower than 2.5
indicatethat the treatmentunderstudyis effective againstblack pod (Pomella,A.W.V.,
unpublisheddata). The formulationsmay have beenresponsibldor the poor activity of
theactinomycetesilt is still dif cult to provide theidealformulationfor the activity of the
microorganismsin the eld. In fact, accordingto Paauet al. (30), the useof incorrect
formulationsis one of the main causesof inconsisteng of biocontrolin the eld. It
is also possiblethat the poor effects of the actinomycetesgainstthe cacaopathogens
under eld conditionsare dueto varying ervironmentalconditionsand competitionwith
theindigenouamicro ora of the pod surface. Furtherstudiesof the populationdynamics
of theseantagoniston the pod surfaceare necessaryo elucidatetheir fate under eld
conditions.
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