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Environmental Impact and Risk Analysis of Bacterial and
Fungal Biocontrol Agents

The use of biocontrol agentsfor plant diseasecontrol is becomingan increasingly
importantalternatve to chemicals,althoughbiopesticidegmostly insectcontrol agents)
represenbnly 1.2% of the agrochemicamarlket, andonly a few biological plant disease
controlagentsaremarketed(6). Becausesomebiologicalagentsanbetoxic and/orcause
ernvironmentalcontaminationthe new biocontrolagentsor plantdiseasecontrolmustbe
evaluatedin uniqueways beforethey are broadly distributed. Thesebiocontrol agents
provide protectionagainstan array of foliar, soilborneand post-harestpathogensvhen
releasednto soil or irrigation water or when plantsaretreated. The agentsact through
mechanismsuchas antibiosis,parasitismby lytic enzymesgcompetition,or by induced
host resistance. In orderto competewith corventional plant diseasecontrol methods,
biocontrol agentsmust be reliable, consistentand economical,and effective also under
adwerseervironmentalconditions. Geneticmodi cation hasimproved the effectiveness
of antagonisticstrains(2,3,12),but companieshave beenforcedto restrict development
of biopesticidego thosebasedon selectedstrainsof wild typesbecauseof the public's
negative attitude(particularlyin Europe)toward geneticallymodi ed organisms.
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The assumptiorthat naturalis safecannotbe taken for granted.All biocontrolagents
mustgo througha numberof teststo evaluatecarefully their ef cacy andtherisksrelated
to their introductioninto the ervironment,beforebeingregisteredfor practicaluse(2,6).
Specialattentionmustbe paidto the studyof their effectson the ervironment.

The speci ¢ application of impact analysisto the plannedintroduction of micro-
organismshasbeena matterof debatejn the caseof wild aswell asgeneticallymodi ed
micro-oiganisms.Methodspreviously developedfor chemicalrisk assessmeritave been
suggestedsmodels put genericrisk assessmeitrotocolshave notyetbeernwidely agreed
upon. Somescientistsargue that safety can bestbe determinedby a scienti ¢ review
of an adaptable case-by-casapproach,andthat a priori exclusion of ary application
from review is problematic.Othersstatethatarigid case-by-casaepproactcouldparalyze
adwancesn plannedntroductionsandthata properbalancebetweerregulationandsafety
would involve classi cationof eachorganisminto a category requiringdifferentlevels of
review.

Oneeffectthatis considerednimportantcomponenbf risk assessmeiit the potential
transferof genedrom biocontrolagentso otherorganismg4). A numberof projects,sup-
portedby the EnvironmentalProtectionAgengy, U.S. Departmenbf Agriculture andNa-
tional ScienceFoundationin the United Statesandthe EuropeanCommissionin Europe,
studiedsaproplytic Fusariumoxysporum(5), Trichodermaharzianum(13), Pseudozyma
occulosa (1) and Pseudomonaspp. (15). All areeffective biocontrolmicro-oiganisms.
Thesestudieshelpedidentify somerisk factors.Characterizationf biocontrolagentswith
moleculamiologytoolsalsohelpsanalyzepotentialgene o w betweerpopulations.

Thereare indeedsomemicro-oiganismsthat require specialattention. | will focus
on two examples: the useas biocontrolagentsof (i) saproplgtic strainsof well knovn
pathogensi.e., Fusariumoxysporurand(ii) strainsof opportunistigpathogensf humans
(i.e., Burkholderiacepacia incitantof cystic brosis).

In the caseof saproplytic F. oxysporumdevelopedasbiocontrolagentsagainst sev-
eral formae specialesof pathogenid-. oxysporum the possibility of genetransferfrom
antagonisticto pathogenicstrainsof Fusariumspp. andvice versais one of the main
risksin theirreleasento theervironment. The possibility of acquisitionof benzimidazole-
resistancgenedy sensitve strainsof F. oysporunwasevaluatedunderthemostconducve
situations.Althoughthe possibility of geneexchangecould not be completelyexcluded,it
is concludedhattherisk is small(5). Anotherrisk is the potentialthatantagonisticstrains
(althoughharmlesgo treatedplants)mightdamagenon-tagetplantsthatcouldbeexposed
intentionallyor unintentionallyto their propagulesA large numberof cultivatedandnon-
cultivatedplants,susceptibléo Fusariumwilts, did not shav ary symptomsafterarti cial
inoculationwith antagonisticstrainsof F. oxysporum(5). Resultsobtainedin numerous
studieshave led to the conclusionthat the large-scaleintroduction of saproplytic F.
oxysporunasbiocontrolagentsagainstFusariumwilts will notrepresenanervironmental
hazardo agriculturalandnaturalecosystemsgs).

In the caseof the B. cepaciabacterialcomple, individual strainswithin this diverse
comple have the ability to causeplant diseaseprotectplantsfrom diseasecausenoso-
comial infectionsin humansanddegradeervironmentalpollutants(14). At presentjt is
not possibleto distinguish,with certainty strainsthat are potentialpathogen®f humans
with cystic brosis from thosethat are not. Someclinical studiesshoved that certain
isolatesof B. cepaciaexhibit differentcytotoxicitiestowardsmacrophageandmastcells
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(11). Moreover, isolatesfrom plant,animalor ervironmentalsourcesverefoundto have

multiple replicons,with the clinical strainscarrying up to threeor four replicons(16).

Severalstudiesindicateclearly thattheintroductionof the biocontrolstrainsof B. cepacia
doesnotincreasehe total level of B. cepaciacomplex abore the indigenouspopulations
alreadypresent,so that exposureto the populationsthat incite cystic brosis would not
be detrimental(14). In the caseof the B. cepaciacomples, medicalmicrobiologistsand
plantpathologistsharea commongoal: to understandhe biology of this micro-oganism
andthe geneticbaseof pathogenicity The B. cepaciacomple affords the opportunity
to studytraits that may have adaptve valuefor humanpathogenicityplant pathogenicity
andsurvival in therhizospherethe last contrikuting to ef cacy in biological control. For

example aputative cystic brosis hemolysinvirulencefactor(9) haspropertiesemarkably
similar to the phytotoxin virulencefactorof uorescentpseudomonaglantpathogeng8),

which arein turn similar to the lipopeptideantibiotic shovn to enhancethe biocontrol
propertienf someB. cepaciastrains(10).

Thesetwo examplessupportthe needfor carefulevaluationandalsodemonstratéhat
the studiesnecessaryor registrationmay reveal a betterunderstandingf theseagents.
As more biocontrol agentsare developed,it becomesncreasinglyimportantto possess
the tools to monitor their ervironmentalimpact. Molecularmarkers provide animmense
sourceof datafor studyingtheidentity, relatednessnddiversityof thesepotentiallyuseful
micro-oiganisms(1,7). Interestingly thereare modelsof risk analysisstudiesthat can
also generatenformation relevant to the practical applicationof biocontrol agents(5).
The renaved emphasison mary aspectsof microbial ecology an often-nglectedarea,
represents positive resourceof risk-assessmertata. Beyond the theoreticalaspects,
therearemary practicalimplicationsandbene ts. A betterunderstandin@f the ecology
of antagonistidungi andof theirinteractionswith othermicro-oiganismswill permitmore
responsiblause,thusfosteringthe implementatiorof biocontrol. Moreover, suchstudies
cantake adwantageof otherdisciplinesin providing nev methodsfor studyingcomple
systemsandespeciallyfor determiningtheimpactof onespecier another

The useof living organismsasbiopesticidedaspresentedien challengego the eld
of crop protection. Active cooperationamongmicrobiologists,geneticists,agricultural
scientists plant pathologists entomologistsagronomistsecologists evolutionary biolo-
gists,andregulatorsis very importantin orderto gainimportantinsightinto improving the
ef cacy of potentialbiocontrolagents.
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