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Isolation of Actinomycetesand Endospore-forming
Bacteria fr om the CacaoPod Surfaceand Their

Antagonistic Activity againstthe Witches' Broomand
Black Pod Pathogens

DirceuMacagnan,1 ReginaldodaS.Romeiro,1 JorgeT. deSouza2 ;3

andAlan W.V. Pomella4;�

In this study, actinomycetesandendospore-formingbacteriawereisolatedfrom thesurface
of cacaopods. The activity of thesemicroorganismsagainstCrinipellis perniciosaand
Phytophthora palmivora, causalagentsof witches' broomandblackpoddiseasesof cacao,
respectively, was investigated. A total of 336 isolatesof actinomycetesand endospore-
forming bacteriaweretestedon a detachedpodassayagainstC. perniciosa. Thescreening
procedureusedprovedto befastandinexpensive,allowing theselectionof � veactinomycetes
as the most promising isolates for the biocontrol of C. perniciosa. Under laboratory
conditions the actinomyceteswere able to inhibit 100% of C. perniciosa basidiospore
germination. However, under �eld conditionsthe selectedactinomyceteswere unableto
protectcacaopodsagainstbothpathogens.In theseexperiments,inhibition of C. perniciosa
rangedfrom 6% to 21%in relationto thecontrol,whereastherewasno inhibition of black
pod causedby P. palmivora. Formulationsneedto be improved in order to enhancethe
activity of theactinomycetesagainstcacaopathogensin the�eld. Molecularidenti�cation of
theselectedisolatesshowedthatthey arespeciesof thegenusStreptomyces.
KEY WORDS: Theobroma cacao; biological control; actinomycetes;endospore-forming
bacteria;Streptomycessp.;Crinipellis perniciosa;Phytophthora palmivora.

INTRODUCTION

Cacao(Theobroma cacao) is widely cultivated in the tropics of Southand Central
America,Asia,andAfrica. In Brazil, witches'broomdiseasecausedby thebasidiomycete
Crinipellis perniciosais themostlimiting factorfor cacaocultivation(26). Thepathogen
is able to infect all meristematicpartsof cacaoplants,including vegetative buds, �o wer
cushionsandpods(26). In thesouthernregionof BahiaState,Brazil, lossesupto 70%were
in�icted by the diseasefollowing its outbreakin 1989(2). More resistantgenotypesare
beingdevelopedandthis controlstrategy is expectedto reducetheseverity of thedisease
(34). The control of witches' broomdiseasewith fungicidesis not alwaysef�cient and
economicallyfeasible(24). Biological control is being investigatedin several countries
with different microorganismsobtainedfrom various parts of cacaotrees(4,5). The
mostpromisingresultsobtainedto datewerewith theuseof Trichodermastromaticum, a
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mycoparasiteof C. perniciosa, thatcausesareductionin theproductionof thebasidiocarps
andconsequentlyin thenumberof basidiospores,which aretheinfectivestructuresof the
pathogen(5). However, thismycoparasitedoesnotprotecttheplantagainstnew infections.
In this context, it is importantto developstrategiesto protectthesusceptibletissuesof the
plantagainstthepathogen.

Black pod, causedby Phytophthora spp., is an economicallyseriousproblemin all
areasof theworld wherecacaois grown. In Brazil, lossesdueto blackpodvary between
20% and 30% (26). Thereare few sourcesof resistanceand the situationis especially
complicatedbecausethereare four speciesof Phytophthora associatedwith this disease
(26). Chemicalcontrol with copper-basedfungicidespresentsgood results,but is not
alwayseconomicallyfeasible(10). Thebiologicalcontrolof thisdiseasehasreceivedlittle
attentionandmostattemptshavebeenmadewith antagonisticfungi (22).

Thephylloplane,aerialplantsurfaces,is inhabitedby numerousanddiversemicrobes
(21). In thiscomplex microbiologicalhabitat,themostdiverseinteractionsamongmicroor-
ganismsoccur. It is possibleto �nd microorganismsadaptedto thesehabitatsandwith
notableantagonisticactivity againstpathogens(7). Besidesbeingmicrobiologicallyrich,
the phylloplaneis extremely inhospitablebecauseof its large variationsin temperature,
light, water, and nutrients(3). To survive in theseenvironmentsbacteriahave adopted
two strategies: resistanceandescape.The �rst requiresthe capacityto tolerateextreme
conditionsby theproductionof resistancestructuresandcertaincompounds.Thesecond
considersthe ability of the bacteriato explore siteslessproneto environmentalstresses
(6). Whentheseepiphytesareconsideredfor biologicalcontrol,their populationdensities
mustbehighenoughto exertanantagonisticeffectagainstthepathogen.They alsoneedto
maintaintheirpopulationin time,whichis achievedthroughresistancestructuresthatallow
theirsurvival underadverseconditions.Bacteriabelongingto theBacillusgroupareableto
producestructurescalledendospores,whichareconsideredto beamongthemostresistant
biological structuresknown (27). The mechanismsinvolved in the biological control by
thesebacteriaincludeantibiosis(13), competitionfor space,waterandnutrients,andthe
activationof a plant'sdefenseresponses(33).

Actinomycetesconstitutea morphologicallydiversegroup,distinguishedfrom other
Gram-positive bacteriaby their �lamentous growth and GC-rich DNA (23). Although
actinomycetesare presentin both terrestrialand aquaticenvironments(16), the great
majority of the researchon biological control focuseson the isolation and useof these
organismson therhizosphereandrhizoplane(16). Severalactinomycetesareproducersof
antimicrobialcompoundsableto inhibit thegrowth of otherbacteria,fungi, andprotozoa
(11). For this reasonthey arebeingstudiedwith theobjectiveof obtainingnew antibiotics
(27). Theseorganismshave a greatcapacityto survive in adverseenvironments. It was
shown thattheability to accumulatehighendogenousconcentrationsof trehaloseis related
to the capacityof theseorganismsto resist dry conditionsdue to the preservation of
membraneintegrity by this substance(9).

Although it is assumedthat a high populationof microorganismsis associatedwith
all partsof cacaoplants,thereis little or no informationavailableon themicroorganisms
obtainedfrom the pod surfacewith respectto biological control. In the presentresearch
the objectiveswere to isolateandselectendospore-formingbacteria,including the ones
from theBacillusgroupandactinomycetesfrom thesurfaceof cacaopods.Wefocusedon
theability of thesebacteriato protectsusceptiblepodsagainstC. perniciosa. A detached
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pod assaywasemployed in theselectionof microorganismswith the potentialto control
witches'broomandtheonesselectedasthemostpromisingweretestedagainstblackpod.
Theselectedmicroorganismswereidenti�ed by partialsequencingof the16srDNA.

MATERIALS AND METHODS

Sampling, isolation, and cultivation of the biocontrol agents Cacaopodsin different
developmentstagesandfrom differentgenotypeswerecollectedfrom farmsin thesouth
of Bahia State,Brazil. The methodof Földes et al. (13) was adoptedfor isolation
of endospore-formingbacteria. In short, 3-cm2 fragmentsfrom the surfaceof the pods
were transferredto 15 ml of Finley andFields' liquid mediumto inducethe formation
of endospores.This mediumcontainedmeatextract (3 g l � 1), peptone(1.9 g l � 1), and
MnSO4 (0.03 g l � 1) adjustedto pH 7 (12). After 3 daysof incubationat 25� C with
shaking,a 500-� l aliquotof themediumwasheatedat 80� C for 10 min to inactivatethe
vegetativecells.Thesamplewasspreadonsolidagarat15g l � 1 Finley andFields'medium
and incubatedfor 48 h at 25� C. Individualized colonieswith different morphological
characteristicswere selected,transferredand maintainedon petri dishescontainingthe
samemedium.For theisolationof actinomycetes,thetechniqueof HirschandChristensen
(19) was used. Pod sampleswere exposedto 70� C for 72 h and extractedwith saline
solution(NaCl 0.85%)amendedwith Tween80 (0.05ml l � 1) for 24 h. A 15-ml aliquot
of theextractwaspassedthrougha 0.45-mm�lter andthemembranesweretransferredto
soil extract mediumcontainingcyclohexamide(10 mg ml� 1) andincubatedat 25� C for
5 days. Soil extractmedium(31) is composedof 100ml l � 1 of soil infusionsupernatant
(200g soil l � 1, boiledfor 5 min, anddecantedfor 15min), glucose(1 g l � 1), K2HPO4 (0.5
g l � 1), KNO3 (0.1 g l � 1), agar(15 g l � 1), pH 7. After the incubation,membraneswere
removedandthepetri dishesincubatedfor 5 additionaldays.Actinomycete-likecolonies
werepuri�ed andmaintainedon the samemedium. All strainswerestoredat –80� C in
tryptic soy brothamendedwith glycerolto a �nal concentrationof 10%(v/v).

Pathogen cultivation and inoculum production Isolate ALF 42 of C. perniciosa,
obtainedfrom greeninfectedbranchesin 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 cultivatedon PDA
for 10 daysunderlaboratoryconditions. Mycelium plugswere then transferredto petri
dishescontaininga sterilesubstratecomposedof a homogeneousmixtureof �nely ground
dry brooms,which are hypertrophic,and hyperplasiccacaobranchesresultedfrom the
pathogen's colonization(37%),oat �our (10%),CaSO4 (1.5%)andwater(51.5%). Petri
disheswerekeptin anincubatorat25� C for 15days.Fully colonizedsubstratewasplaced
in a glasschamber(1.0 � 0.5 � 0.5m) submittedto a watering regime of 1 l min� 1

day� 1 anda photoperiodof 8:16L:D. After 15 daysof incubation,thewatersupplywas
interruptedfor 4 daysto inducebasidiocarpformation. The basidiocarpsproducedwere
collected,surface-sterilizedwith streptomycinsulfate(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 cap remainedfree for the discharge of basidiospores,which were
collectedin a solutioncontainingglycerol (16%)and2-(N-morpholine)ethanesulphonic
(MES) acid(0.195%)with shakingfor a periodof 18 h underlaboratoryconditions(15).
Basidiosporesuspensionswerekept in liquid nitrogenuntil use.Phytophthora palmivora
isolateALF 625,obtainedfrom a greeninfectedpodcollectedin Itajuipe,wascultivated
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on a mediumcomposedof theextractobtainedby boiling 25 g of carrots,tomatoextract
(45 g l � 1), CaCO3 (3 g l � 1) andagar(15 g l � 1). For zoosporeproduction,P. palmivora
wascultivatedfor 7 daysin the dark and3 daysunder�uorescentlight (40 w). To each
plate,10ml of coldwaterwasadded;plateswereincubatedfor 15min in arefrigeratorand
for 20 min at roomtemperature.Zoosporeswerecollectedandtheconcentrationadjusted
to 105 zoosporesml� 1 (25).

Inoculum of thebiocontrol agents For thelaboratoryexperimentsontheselectionof the
mostpromisingbiocontrolagents,inoculumof endospore-formingbacteriawasproduced
by cultivating the isolatesfor 24 h on Finley andFields' mediumandthe actinomycetes
for 5 days on soil extract medium (31). The propagulesused were vegetative cells
for endospore-formingbacteriaand sporesfor actinomycetes. The vegetative cells or
sporeswere suspendedin salinesolution (NaCl 0.85%)amendedwith Tween80 (0.05
ml l � 1) andtheconcentrationwasadjustedwith a spectrophotometerto A540=0.8. In the
experimentson the effect of the type of propaguleon the germinationof C. perniciosa
basidiospores,sporesof the actinomyceteswere producedas describedabove for the
laboratoryexperiments.

Vegetative cells and the supernatantwereproducedby cultivating the actinomycetes
in a modi�ed TSB medium,containingpeptone(12.5 g l � 1) andNaCl (5 g l � 1). After
incubationat 25� C for 48 h under shaking, vegetative cells were separatedfrom the
supernatantby centrifugingat 10,000� g for 15min. Thesporesproducedonsoil extract
mediumand vegetative cells were suspendedin salinesolution and their concentration
wasadjustedasdescribedabove. For the experimentson the effect of the formulations
on the germinationof C. perniciosabasidiospores,the actinomyceteswerecultivatedas
describedabove for obtainingvegetative cells. The suspensionswere addedto eachof
the� ve following formulations:(i) yeast-sucrose,composedof 20%of freshyeast(Burns
Philp, Pederneiras,SP, Brazil) autoclaved for 30 min at 120� C, 0.01%of xanthangum
(TecPharma,SãoPaulo,Brazil), 0.1%of sucrose,10%of Hoagland's solutionand0.1%
of Tween80; (ii) colloidal chitin 0.03%plus Break-thruâ0.03%(GoldschmidtChemical
Corp., Hopewell, VA, USA); (iii) peptone1% plus OPPAâ 2% (Petrobras,Macae,RJ,
Brazil); (iv) sucrose2% plus Break-thruâ0.05%;and(v) meatextract 2% (Knorr, Pouso
Alegre, MG, Brazil) plus Break-thruâ0.05%. The �nal concentrationof all formulations
wasadjustedto A540= 0.8. For the �eld experimentson theactivity of theactinomycetes
againstP. palmivora, the � ve isolateswerecultivatedandthe inoculumwaspreparedas
describedfor theexperimentson theeffect of theformulations.Theisolateswereapplied
with thefollowing formulations:salinesolution;yeast-sucrose;andmeatextract.Controls
weretreatedwith theformulationswithout themicroorganisms.

Selectionof the biocontrol agentsunder laboratory conditions For theselectionof the
mosteffective isolates,20- to 30-day-oldpodsof cacaogenotypeTSH516werecollected,
andwashedwith tapwateranddistilledwater. Thesuspensionsof eachisolatewereapplied
by atomizationon the surfaceof onepod until the suspensionwascloseto runoff. The
podswere kept in a humid chamberfor 24 h for endospore-formingbacteriaand 48 h
for actinomycetes.After the incubation,the podswerebrushedwith a suspensionof C.
perniciosacontaining106 basidiosporesml� 1 andagainincubatedin a humid chamber
for 3 h. Podswereair-dried andtransparentnail polish wasappliedon portionsof their
surface.Fromthecoveredportions,threesections(3 � 15 mm) wereremovedfrom each
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pod andtransferredto glassslides,stainedwith cottonblue, and50 basidiosporeswere
counted,registeringthepercentageof germinatedbasidiosporesin relationto thecontrol.
Isolatesthat inhibitedmorethan50%of thebasidiosporegerminationwerere-appliedon
threedetachedpods. Application of the biocontrolagents,C. perniciosa,andevaluation
weredoneasdescribedabove. Thescreeningexperimentwasconductedonce.

Effect of the type of propagule on the activity of the actinomycetes Becausethe
productionof sporeswasslow andcumbersome,the effect of other typesof propagules
on the germinationof C. perniciosabasidiosporeswasstudied. Spores,vegetative cells
andthesupernatantof the � ve mostpromisingisolatesof actinomycetes(Ac4, Ac19, Ac
26,Ac 68andAc 79)selectedin theinitial bioassayswereatomizedonthreedetachedpods
obtainedfrom thegenotypeTSH 516.After theapplicationof theactinomycetes,thepods
wereincubatedat25� C for 48h. Theapplicationof C. perniciosainoculumandevaluation
weredoneasdescribedfor thescreeningexperiments.The treatmentswerethedifferent
inoculumtypesof eachof the � ve selectedisolatesof actinomycetessuspendedin saline
solution.Theexperimentwasrepeatedtwice.

Effect of the formulations The effect of � ve formulations (see: Inoculum of the
BiocontrolAgentssection)wastestedfor the� vemostpromisingisolatesof actinomycetes.
Theassaysweredoneon 20- to 30-day-oldpodsfrom genotypeTSH 516andICS 1. The
treatmentswere� ve formulationsandthe� veselectedactinomycetes.Eachtreatmentwas
appliedon threepodsin the �eld. Podsweremaintainedin humid chambersconsisting
of plastic bagsfor 24 h after the applicationof the actinomycetes.The controlswere
eachisolateof actinomycetewithout the formulationsand the formulationswithout the
actinomycetes.Seventy-twohoursaftertheapplication,podsweredetachedfrom thetrees,
broughtto thelaboratory, basidiosporesof C. perniciosawereapplied,andthegermination
wasevaluatedasdescribedfor the screeningexperiments.The experimentwasrepeated
twice.

Activity againstPhytophthorapalmivora The� ve mostpromisingisolatesweretested
againstthedevelopmentof blackpod causedby P. palmivora in �eld experiments.Each
treatment(see: Inoculum of the Biocontrol Agentssection)was appliedto seven pods.
After applicationof the treatments,thepodswerekept in humidchambersfor 24 h; 72 h
laterthey weresprayedwith a zoosporesuspensionuntil closeto runoff. After inoculation
of thepathogen,podswereagainkeptin ahumidchamberfor 24h anddiseasedevelopment
wasevaluatedafter7 daysaccordingto thefollowing index: 1= nosymptoms;2= diameter
of lesions< 2 mm; 3= lesionswith a diameterbetween2 mm and2 cm; 4= podswith
up to 25%of thesurfacelesioned;5= podswith > 25%of thesurfacelesioned(18). The
experimentwasconductedtwice.

Statistical analyses Datafrom the laboratoryexperimentswereanalyzedin a random-
ized design. The experimentson the effect of different types of propaguleson the
germinationof C. perniciosabasidiosporeswereanalyzedin a factorialscheme,with � ve
isolatesandthreetypesof propagules.Theexperimentson theeffect of the formulations
wereanalyzedin a factorialscheme,with � ve isolatesand� ve formulations.ANOVA was
conductedwith thesoftwareSAEGversion8.0(32).

Molecular identi�cation of the actinomycetes The � ve mostpromisingisolateswere
identi�ed by sequencinga fragmentof therDNA gene.GenomicDNA wasextractedfrom
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3- to 4-day-oldculturesaccordingto Hopwood et al. (20). The ampli�cation wasdone
with primersp27fandp1401r, whicharehomologousto theconservedregionsof bacterial
16S rDNA (1). The PCR productswere puri�ed by using a puri�cation column (GFX
PCRDNA andGel Bandpuri�cation kit, AmershamBiosciences,Piscataway, NJ, USA).
Sequencingwasdonedirectly by usingtheampli�cation primerson a MegaBACE 1,000
(AmershamBiosciences)andtheDyeDeoxyterminatorcycle sequencingkit (Amersham
Biosciences)accordingto the manufacturer's instructions. Sequenceswerealignedwith
ClustalW1.8(35)andcomparedwith theonesavailablein public databases.

RESULTS

Collection of microorganisms A total of 63 podswerecollectedfrom farmslocatedin
� ve municipalitiesin the southof BahiaState,Brazil. From thesesamples,203 isolates
of endospore-formingbacteriaand 94 isolatesof actinomyceteswere obtained. To this
collectionwereadded17 isolatesof endospore-formingbacteriaselectedby Macagnanin
aM.Sc. researchprojectand22actinomyceteisolatesobtainedfrom soil samplescollected
in SouthBahiaby Dr. PrakashHebbar(MasterfoodsUSA). A total of 336isolates,220of
endospore-formingbacteriaand116of actinomycetes,weretested.

Fig. 1. Activity of endospore-formingbacteriaandactinomycetesin inhibiting the germinationof
Crinipellis perniciosabasidiospores.

Selectionof the most promising isolates Thedatafrom thebioassayon detachedpods
showedthat7% of theendospore-formingbacteriawereableto inhibit thegerminationof
C. perniciosabasidiosporesat levelsof 60%to 100%,whereas21%of theactinomycetes
wereinhibitory at theselevels. Whenthe inhibition classes> 80%areconsidered,0.50%
of theendospore-formingbacteriaand11%of theactinomyceteswereeffective (Fig. 1).
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Fig.2. Inhibition of Crinipellis perniciosabasidiosporegerminationonthesurfaceof detachedcacao
pods. Treatmentswith the sameletter do not differ signi�cantly accordingto Tukey's studentized
rangetest(P=0.05).Error barrepresentstheS.E.M.

Fig. 3. Germinationof basidiosporesof Crinipellis perniciosaon cacaopod surface. Podswere
treatedin the �eld with � ve actinomycetessuspendedin salinesolution, meatextract, or yeast-
sucrose.Meanswith a commonletter do not differ signi�cantly accordingto Tukey's studentized
rangetest(P=0.05).Error barsrepresenttheS.E.M.

Eighteenisolateswereselectedbasedon theircapacityto inhibit > 50%of thegermination
of C. perniciosabasidiosporeson the pod surface(datanot shown). Of theseisolates,
13 were actinomycetesand � ve were endospore-formingbacteria. The 18 pre-selected
isolateswerere-evaluatedon thepodsurfaceandisolatesAc 4, Ac 19,Ac 26,Ac 68,and
Ac 79 wereselectedasbeingthemostpromisingonesbasedon their inhibitory effectson
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Fig. 4. Effect of actinomyceteson the severity of black pod causedby Phytophthora palmivora
under�eld conditions.Diseaseseverity wasdeterminedaccordingto an index, where1 represents
nodiseaseand5 represents> 25%of thepodsurfacewith blackpodsymptoms.Errorbarsrepresent
theS.E.M.

basidiosporegermination,fastgrowth andabundantsporulationin thesoil extractmedium.

Molecular identi�cation The� vemostpromisingisolateswereidenti�ed by sequencing
a portionof the16SrDNA geneandcomparingit with sequencesof thesamegenefrom
publicdatabases.Nucleotidesequencesweredepositedwith GenBankundertheaccession
numbersDQ066885to DQ066889.All isolateswereclassi�edasStreptomycesspp.

Effect of type of inoculum on inhibition of C. perniciosa germination In these
experiments,different kinds of inoculum, including supernatant,vegetative cells and
spores,were usedon detachedpods. The resultsdid not show any differencein the
ability of the � ve most promising isolatesto inhibit C. perniciosa. All isolatestested
inhibited approximately100%of the basidiosporegermination. However, the inoculum
typesdifferedin their activity againstbasidiosporegermination.Vegetative cells andthe
supernatanthadsimilar inhibitory activity, whereassporesweresigni�cantly lessactive
(Fig. 2). Onthebasisof theseresults,all otherexperimentsweredonewith vegetativecells
producedin modi�ed TSBmedium.

Inhibition of C. perniciosagermination Severalexperimentswith cacaogenotypeTSH
516 weredoneto testthe effect of the � ve mostpromisingisolatesandthe formulations
on the germinationof C. perniciosabasidiospores.The �rst experimentsshowed that
meatextract and yeast-sucroseprovided the highestlevels of inhibition of basidiospore
germination(datanot shown), and in further experimentsonly theseformulationswere
used.Salinesolutionwasusedfor comparisonpurposes.In general,theformulationbased
on meatextract showed thehighestinhibition of basidiosporegermination(Fig. 3). The
isolatestestedinhibitedfrom 70%to 85%of thegerminationof basidiospores,whereasthe
control inhibited an averageof 60% (Fig. 3). Statisticalanalysesshowed no interaction
betweenformulationsand biocontrol agents(P> 0.05). Combinationof isolatesAc 79
and Ac 26 did not result in increasedinhibition of basidiosporegermination(datanot
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shown). Experimentsdoneoncacaopodsfrom genotypesTSH516andICS1did not show
differencesin the inhibition of basidiosporegermination(datanot shown), indicatingthat
thecacaogenotypedid not in�uence theactivity of theactinomycetes.

Assaysagainst P. palmivora In �eld experimentsagainstP. palmivora, none of the
isolatesor formulationswasableto inhibit black pod at acceptablelevels (Fig. 4). The
averageof thediseaseindexesobtainedfor all isolatestestedwashigherthan4.

DISCUSSION

Cacaois aneconomically, sociallyandenvironmentallyimportantcropfor SouthBahia
State,Brazil. Diseases,especiallywitches'broomandblackpod,areresponsiblefor losses
of up to 70% in this area. Biological control is an attractive methodto managethese
diseases.In this work we isolatedactinomycetesandendospore-formingbacteriafrom the
surfaceof cacaopodsandstudiedtheir activity againsttwo pathogens.Themostcommon
applicationof actinomycetesandendospore-formingbacteriain biologicalcontrolis in the
rhizoplaneandplant rhizosphere(33), with somereportsof actinomycetesasendophytes
(8). In thiswork weattemptedto �nd potentialbiocontrolagentson thecacaopodsurface,
becausedirectdamageis causedby pathogensin thispartof theplant.

Theselectionprocedureusedin this work enabledsimpleandfastidenti�cation of the
� ve mostpromisingisolatesamongthe 336 testedfor the biocontrolof witches' broom
diseaseof cacao. All isolatesselectedas promisingfor biocontrol were obtainedfrom
thepod surface. This procedurewasrevealedto be very ef�cient for the systemstudied;
C. perniciosaonly shows externalsymptomson podsa minimum of 2 monthsafter the
inoculation(Pomella,A.W.V., unpublisheddata),whereaswith this methodologyresults
wereobtainedwithin 48h. Thisassayalsoeliminatedtheenvironmentalconditionsthatcan
affectC. perniciosabasidiosporegerminationandpenetration.Thescreeningprocedureis
lessexpensiveandlesstime-consumingthantheonesdoneunder�eld conditions.

The results showed a clear superiority of the actinomycetesin the inhibition of
germinationof C. perniciosabasidiosporesin comparisonwith the endospore-forming
bacteria(Fig. 1). Partial sequencingof the 16SrDNA allowed the identi�cation of all
theselectedactinomycetesasStreptomycesspp. However, identi�cation of the isolatesat
thespecieslevelwasnotpossiblebecauseof thelow resolvingpowerof the16SrDNA gene
to distinguishcloselyrelatedspecies(14). Sequencingof othergeneswill benecessaryto
identify thesebacteriaat thespecieslevel.

Actinomycetesare known as producersof antimicrobial compoundsthat can be
usedin agriculture,medicineand research(27). In particular, the genusStreptomyces
is very important in the productionof thesecompounds. Approximately 50% of the
isolatesfrom this genusare producersof somekind of antibiotic and up to now, more
than 500 different antibioticshave beenshown to be producedby actinomycetes.For
example,streptomycinand cyclohexamideare both producedby Streptomycesgriseus,
kanamycinby S. kanamyceticus, tetracycline by S. aureofaciens, nystatinby S. noursei,
andchloramphenicolby S.venezuelae(27). It is possiblethat the isolatesselectedin this
work were antibiotic producers. The supernatantand the vegetative cells were equally
ef�cient in inhibiting the germinationof the basidiospores(Fig. 2), which indicatesthat
thepresenceof living cells is not requiredfor inhibition. Thehigheractivity of vegetative
cellsin comparisonwith sporescanbeexplainedby thefactthatsporesconstitutesurvival
structuresand the productionof antimicrobial compoundsis done by vegetative cells
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(28). Furthermore,when sporesare usedas inoculum, they needto germinateto start
the productionof antimicrobialcompounds,whereasvegetative cells arealreadyactive.
Vegetativecellsweremoreinhibitory andeasierto obtainthanspores.Whereasvegetative
cellswereobtainedin 48h, sporeswereobtainedonly in 7 days.

This work showedthat cacaopodsharboractinomycetesthathave thepotentialto be
exploredfor biocontrol.Oneof theremaininglimitationsof biocontrolis thereproduction
of laboratoryexperimentsin the �eld. Although the � ve selectedactinomyceteisolates
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 showed no effect of the actinomyceteson the control of this
disease. Other resultsfrom our laboratoryshowed that diseaseindices lower than 2.5
indicatethat the treatmentunderstudy is effective againstblack pod (Pomella,A.W.V.,
unpublisheddata). The formulationsmay have beenresponsiblefor the poor activity of
theactinomycetes.It is still dif�cult to provide theidealformulationfor theactivity of the
microorganismsin the �eld. In fact, accordingto Paauet al. (30), the useof incorrect
formulationsis one of the main causesof inconsistency of biocontrol in the �eld. It
is also possiblethat the poor effects of the actinomycetesagainstthe cacaopathogens
under�eld conditionsaredueto varying environmentalconditionsandcompetitionwith
the indigenousmicro�ora of thepodsurface. Furtherstudiesof thepopulationdynamics
of theseantagonistson the pod surfaceare necessaryto elucidatetheir fate under�eld
conditions.
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