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ABSTRACT

The verrucose caused by Cladosporium herbarum reduces production and quality of Passion fruit (Passiflora
edulis Sims.), alargely consumed tropical fruit. Thiswork aimed to investigate the antagonism of Trichoderma
species(T. polysporum, T. koningii, T. virideand T. harzianum) against Cladosporium herbarum, and to study the
production of extracdlular hydrolytic enzymesby the pathogen and the antagonists. Theresultsshowed considerable
antagonistic potential for the biocontrol of C. herbarumisolates by all Trichoderma species, except T. koningii.
The most distinguished effect was observed for T. polysporum. In relation to the pattern of esterase obtained by
electrophoresisin poliacrylamyde gel, the major activity presented by theisolateswas observed after five days of
incubation. The C. herbarumisolates produced extracel lular enzymes, lipase, pectinase, cellulase, and protesse, all
possibly related to the infection process. Amylase excretion, not known to be associated with phytopathogens,
was detected in Trichoderma species, but not in C. herbarum. In addition to amylase, al Trichoderma species
tested produced also extracel lular cellulase and pectinase, except T. koningii in relation to the latter enzyme. The
demonstration of variousesteraseisoenzymesin zymogramsof the Trichoderma speciesand C. herbarumisolates
wasmarkedly improved by washing themyceiawith detergentsor EDTA. Thisfact suggested that amajor fraction

of extracel ular enzymesmay remain attached to outsidefungal cell wall after being excreted.
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INTRODUCTION

Cladosporium herbarum (Pers: Fr.) Link is considered a
saprophyte that turns into a plant pathogen in various stress
conditions (15,16,21,40). It producesrot diseasesin anumber of
important fruit crops, e.g. pear, grapeand cherry, surfacemold on
raisins and figs, and also damages corn and rye. Its teleomorph,
Mycosphaerella tassiana (De Not.) Johansisresponsiblefor the
brown leaf spot disease of date palm (9). Cladosporiumherbarum
occurs in Brazil (3) as an important pathogen on passion fruit
(Passiflora edulis Sims.) causing the verrucose symptoms,
reducing the production and fruit quality (Fig. 1).

In general, the use of chemicasis effectivein the control of
severa fungal plant diseases, but thereisnot report of an efficient

fungicide in relation to verrucose disease of passion fruit.
Preliminary studiestesting the possibility to use biological agents,
such as antagonistic species from the genus Trichoderma are
reported in the literature (10,43). These species are well studied
and have shown efficience on biocontrol of different
phytopathogens(8,20,31,36,37), including somefrom phyloplane,
such asBotrytis (Pers. Ex Fr.), Cladosporium, Sclerotinia Fuckel
and Alternaria Nees (4). Nowdays a biofungicide formuled with
T. harzianum, named Trichode, is used to control soilborne and
phyloplane pathogens and other formulations, such as Binab-T,
GlioGard and RootShield, are used to control severa soilborne
pathogens which cause damping-off and root rot (24,43).
Considering the importance of both pathogen and host, the
purpose of thiswork was to study the antagonistic potential of
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Figure 1. Symptoms induced by Cladosporium herbarum on
passion fruits.

Trichoderma species against C. herbarum, and the capacity of
pathogen and antagonist to produce extracellular enzymes that
could be related to the mechanism of pathogenicity or
antagonistic activity.

MATERIALSAND METHODS

Fungal isolates

Four isolates of C. herbarum designated Ch-1, Ch-2, Ch-3,
and Ch-5, obtained from passion fruits showing verrucose
symptoms, and four Trichoderma species, T. polysporum (T-11),
T. koningii (T-15), T. harzianum(T-25) and T. viride (TR-2) from
thecollection of Laboratory of Phytopathogenic Fungi, Agronomy
Department from Universidade Federal Rural de Pernambuco,
were studied.

All isolates were grown on standard PDA (42), at 26°C and
60% of relative humidity, for three days (Trichoderma) and ten
days (C. herbarum), in order to obtain young colonies for the
studies on antagonistic and enzimatic activities.

Antagonigicactivity

Theeffect of non-volatilemetabolitesfrom Trichoder ma species
against C. herbarum was tested by the method described by
Lundberg and Unestan (33), and Dennisand Webster (12). Initially,
mycdlia agar plugs (6 mm diameter) removed from the edge of a
young culture of Trichoderma speciesweretransferred tothe center
of Petri dishes (10 mm diameter) containing PDA and a sterilized
cellophanedisc (10 cm diameter) adjusted on the medium surface,
wheretheantagonist grownfor 60 h. Thenthe cdlophane containing
the Trichoder ma growth was removed, and on the same medium a
disc of each pathogen isolate was placed. The control trestments
had C. herbarum growing similarly on PDA medium where
previoudy there was a cellophane disc without antagonist.

Antagonism of Trichoderma on C. herbarum

The effect of volatile metabolites from Trichoderma species
againgt C. herbarum was tested in the assemblage described by
Dennisand Webster (13). Two bottons of Petri dishes containing
PDA were individually inoculated with a disc of pathogen and
antagonist, and bottons were adjusted and attached by tape. The
control sets did not contain the antagonist. The cultures were
incubated at 26°C and 60% relative humidity under alternating
luminosity (12 hlight/12 h darkness). The studies of non-volatile
and volatile metabolites were conducted in four replications
arranged in arandomized design.

Growth rates, in both assays, were recorded daily by
measuring colony diameter according to Lilly and Barnett (32).
Theinhibition percent wasobtained using theformula: 1% =1 (C2
—C1)/C2)] x 100(19), where C1 meansgrowth of C. herbarumand
C2 meansgrowth of control.

The sporulation was evaluated using the Neubauer
chamber, and the resultswere expressed in spore by milliliter of
distilled water.

Extracdlular Enzymes

Esterase profile was obtained by electrophoresis in
polyacrylamide gel. The isolates of Trichoderma and C.
herbarumweregrown in potato dextrose broth under continuous
luminosity, at 26°C, for five and ten days, respectively. After
these periods, 300 mg of wet mycelium were suspended in 3 mL
of 2mM EDTA, pH 7.4 and left for 20 minutesat 26°C. Cellswere
spun down for 1 minute, in an Eppendorf centrifuge and the
supernatant was used.

For comparison, the fluid was also tested, after filtering
cellson aWhatman #1 filter. Samples of extractswere applied
inwellson thetop of the gel. Bromophenol blue was added as
a marker dye and then electrophoresis was carried out at 10
mA for 4 hr at 4°C. Gel was removed and stained with fast blue
RR for 1 hr under dark conditions at 37°C. A relative mobility
(Rf) value was assigned to each band of enzyme activity using
theformula: Rf = (d/D) x 100, where“d” isthe distance runned
by the moleculesin the gel, and “D” isthe distance runned by
themarker dye(1).

Theactivitiesof other extracellular hydrolytic enzymeswere
detected on solid mediaby placing mycelial discsof Trichoderma
species or C. herbarum isolates on the medium containing the
enzyme substrate and measuring the zone of degraded substrate
formed around the colony an after incubation period. Monoacyl
esterase activity was studied using Tween 20 as substrate (26);
amylase, using soluble starch (26); protease, using milk agar
(44); and cellulase, using microcrystalline cellulose (39).
Pectinolytic enzymes were assayed by isolates growing
induction mediumwith citrus pectinduring 72 h (35). In all these
experiments, isolates of Trichoderma species and C. herbarum
were incubated respectivelly, for two and five days, before
measuring degradation halos, and the bioassays were done in
quadruplicate.
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RESULTS

Growth and fungal antagonism

As showed in Fig. 2, no significant difference of mycdid
growth was observed betweenindividual isolates of Trichoderma
species or between isolates of Cladosporium herbarum,
respectively (p> 0.05). However, al speciesof Trichodermagrew
considerably faster on PDA than the isolates of C. herbarum, in
the same conditions of culture (p> 0.01).

When C. herbarum was cultivated in the same Petri dish,
where previoudy Trichodermawasgrown, antagonismwasreadily
observed. Non-volétile substances were responsible for most of
the growth inhibition and sporulation (Fig. 3 A, B). Considering
growth inhibition by non-volatile toxins, our isolates of T.
polysporum (T11) were more efficient than T. harzianum (T25)
and T. viride(TR2) inretarding growth (p > 0.01) and sporulation
(p>0.05) of C. herbarum. Of dl Trichoderma speciestested, T.
polysporum was aso the only one to produce some growth
inhibition by volatile substances (Fig. 3 C). Most of thetests (Fig.
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Figure 2. Mycelial growth of Trichoderma species and
Cladosporium herbarum isolates on PDA. From left to right: T.
harzianum; T. koningii; T. polysporum; T. viride, and C. herbarum
isolatesCh-1, Ch-2, Ch-3and Ch-5.

Sporulation
Inhibiotoin (%)

75

Sporulation
Inhibiotoin (%)

Figure3. Inhibition of mycelia growth and sporulation of Cladosporiumherbarumby non-volatile (A, B) and voletile (C, D) substances
produced by Trichoderma species. Isolatesof C. herbarum: 1= Ch-1; 2= Ch-2; 3= Ch-3; 4= Ch-5. |solates of Trichodermaspp.a=T.

polysporum; b = T. viride; ¢ = T. harZianum; d = T. koningii.
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3A, B, C), showed aninferior performanceof T. koningii (T15) as
compared with the other species (p > 0.01). On the other hand,
when antagonism was observed for longer periods, all species of
Trichoderma but T. polysporum produced inhibition halos and
sporulated over the colonies of C. herbarum, at least in some of
itsfour isolates. Interestingly, someremarkabledifferencesinthe
interactions of the four isolates of C. herbarum with the species
of Trichoderma attested the genuine differences between them.
Inrelation to sporulation, Ch2 wasmuch moreresistant against T.
harzianum than the other isolates and, in the same test, Chl
demonstrated a rather selective sensitivity against dissolved
metabolites of T. koningii (Fig. 3 B), In another assay, only Ch3
and Ch4 were affected by volatile substances of the four species
of Trichoderma (Fig. 3D).

Microscopic studies of antagonized Cladosporium isolates
most frequently revealed wilt of mycelium and coagulated
protoplasm, fragmented hyphae, shorter cells and thicker septa
Trichoder ma sporeswithin Cladosporiumhyphaewere a so seen
(Fig.4).

Extracdlular enzymes

All isolates of C. herbarum produced much less cellulolytic
activity (p<0.01) than thefour speciesof Trichoderma (Fig. 5A).
Otherwise, pectinolytic enzymes were secreted in similar
concentrations both by Trichoderma and C. herbarum isolates,
with exception to T. koningii (Fig. 5 B). Protease and monoacyl
esterasewereexclusively foundinfiltratesof C. herbarumisolates
(Fig. 6 A, B). Ontheother hand, only the species of Trichoderma
secreted amylase (Fig. 6 C).

The latter findings are possibly related to the observation,
that naphtyl esterase zymograms, after electrophoresis of
extracellular enzymes, showed bands of different mobility in
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Figure 4. Morphologicals characteristics between Trichoderma
spp. and Cladosporium herbarum: hyphal shrinking (A); cell
shortening and septathickening (B) of C. herbarum, inthe presence
of Trichoderma (320x).
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Figure 5. Production of plant cell wall degrading enzymes in semisolid media by Trichoderma spp. and Cladosporum herbarum
isolates. Fromeft toright: T. harzianum; T. koningii; T. polysporum; T. viride; isolates Ch-1, Ch-2, Ch-3and Ch-5 of C. herbarum. The
halo of enzymatic activity does not include the halo of the mycelium disc.
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Figure 6. Production of extracellular hydrolytic enzymes in
semisolid media produced by Cladosporum herbarum isolates
(A, B) and Trichoderma species (C). In (A) and (B) from left to
right, isolatesCh-1, Ch-2, Ch-3and Ch-5 of C. herbarum. In (C)
from left to right T. harzanum; T. koningii; T. polysporum; T.
viride. Thehalo of enzymatic activity doesnot includethe hal o of
themyceliumdisc.
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Figure 7. Esterase patterns of Cladosporium herbarum isolates
(Chl, Ch2, Ch3, Ch5), and Trichoderma species (T11=T.
polysporum, T15=T. koningii, T25=T. harzanum, TR2=T. viride),
after fivedaysof incubation, in PD medium (A) and mycelial mass
washed withEDTA (B).

Trichoderma species and C. herbarum isolates, respectively. In
thezymogram, considerably more activity was seen after washing
themyceliain 2mM EDTA, ascompared to the untreated culture
fluid(Fig. 7A, B).

DISCUSSION

This study has shown that colonies of Trichoderma species
grew dwaysfaster than C. herbarum, insingleor mixed culture. Its
rapid growth gives Trichoderma an important advantage in the
competition for space and nutrients with plant pathogenic fungi,
even beforeit deploysitsarsend of mycotoxins(10,11). Toxicaction
was evident in various aterations of the hypha structure of C.
herbarum grown together with Trichoderma species, smilar to
the effects described in other systems of mixed cultures (14,30).
The species of Trichoderma are known to produce a number of
antibictics, such astrichodermin, trichodermol, harzianum A and
harzianolide (7,17). These compounds were responsible for most
of theinhibition of C. herbarumseeninthiswork, and observedin
other experimentsinvolving biocontrol of funga phytopathogens
(5,24,25,33). Vol atileantifunga s, among which 6-pentyl-2-pyrone
isthe best known substance (6) were much less effective against
this particular phytopathogen, although other species seem to be
rather susceptible (27,44). Inany case, the pattern of highly specific
inhibition caused by thefour Trichoderma species, that permitted
differentiateindividud isolatesof C. herbarumshowstheintricacies
of antagonitic action, considering complex phenomena such as
growth and sporulation.

The method of Hankin and Anagnostakis (26) was used to
detect the secretion of extracellular cell wall degrading enzymes,
both by the isolates of C. herbarum and Trichoderma species.



These assays measured, the combined activity of variousenzymes
upon pectin and cellulose, respectively (2). Since both pectinolytic
and cellulolytic enzymeswould be needed for pathogenic action
as well as for saprophytic activity, it is difficult to explain the
apparent lack of pectinaseinthe T. koningii isolate. On the other
hand, the difference in cellulolytic activity found between
Trichoderma species and C. herbarum, though statistically
significant, has probably no important biological meaning.

The very different production of amylase by Trichoderma
and Cladosporium was already observed by Hankin and
Anagnostakis (26), and it may be speculated, that ready expression
of amylolytic enzymesispartialy respons blefor therapid growth
of Trichoderma speciesin the standard potato-dextrose broth. In
contrast, there is no immediate explanation for the fact that the
isolates of C. herbarum produced much more protease and
monoacyl esterase than Trichoderma species, as demonstrated
by the agar plate assay. No wasinvestigate a possible attachment
of enzymesto themycelium asthereason for obtaining anegative
result, as was suggested with esterases. Nevertheless, the same
discrepancy was detected between Trichoderma species and C.
herbarum, using a different kind of lipase assay (results not
shown) than the method employed for monoacyl esterase, becauise
it has been argued that soluble substrates are possibly not agood
assay for lipase activity (29,41). Since C. herbarumis known to
spoail butter and to damage oil paintings (16) it is quite possible
that this organism secrets lipase. On the other hand, there is
evidence that at least part of the activity measured in dl acyl
esterase assays is in fact cutinase, an enzyme responsible for
pathogenicity of Colletotrichum gloeosporioides on Carica
papaya and other plants (18,28). Even so, in the case of C.
herbarum, the monoacyl esterase detected in fungal culture
certainly contains insufficient cutinase activity to allow the
pathogen to attack undamaged leavesor fruitsof Passifloraedulis.

Zymograms of esterase isoenzymes are useful as additiona
parametersto distinguish microbial isolates. An apparent lack of
extracellular esterasesin C. herbarumwasin fact dueto enzymes
that could be recovered by washing the mycelium in EDTA or
various detergents (results not shown). As can be seenin Fig. 7,
the effect is not limited to the pathogen. The hypothesis of
absorved rather than €luted enzymesisfavored, becausethecells
remained viable after the extraction procedure. Addition of EDTA
to filtered culture fluid did not reactivate eventually denatured
enzymes. However, experimentsto test for enzymatic proteinin
theculturefluid werenot performedin order to know if theenzymes
lose activity after having been diffused away from the cells that
secreted them.

RESUMO

Antagonismo de espécies de Trichoderma
sobre Cladosporium herbarum
e suas caracterizacdo enzimatica

Antagonism of Trichoderma on C. herbarum

O maracuja (Passiflora edulis Sims.), um fruto tropical
amplamente consumido, tem sua producéo eaqualidade dos seus
frutos reduzidos pela verrugose causada por Cladosporium
herbarum. Este trabalho objetivou investigar o antagonismo de
espécies de Trichoderma (T. polysporum, T.koningii, T. viride e
T. harzianum) contra C. herbarum, e estudar a producdo de
enzimas hidroliticas extracelulares pelo fitopatdégeno e
antagonistas. Os resultados mostraram considerével potencial
antagdnico para o biocontrole dos isolados de C. herbarum por
todas as espécies de Trichoderma, exceto T. koningii. O efeito
mais promissor foi observado paraT. polysporum. Emrelagéo ao
padréo de esterase obtido por e etroforeseem gdl depoliacrilamida,
amaior atividade apresentada pel osisoladosfoi observadacinco
dias apds aincubacdo. Os isolados de C. herbarum produziram
enzimasextracelulares, lipase, pectinase, cellulase e protesse, todas
possivelmente relacionadas ao processo de infeccdo do
hospedeiro. A excregéo deamilase que parece ndo estar associada
com fitopatdgenos foi detectada nas espécies de Trichoderma,
mas ndo em C. herbarum. Além disso, todas as espécies de
Trichoderma testadas produziram também celulase e pectinase,
exceto T. koningii com relagcdo a esta Ultima enzima. A
demonstragdo de vérias isoesterases no zimograma das espécies
de Trichoderma e isolados de C. herbarum, foi notavelmente
melhorada através da lavagem do micélio com detergentes ou
EDTA. Este fato sugere que uma grande fracdo de enzimas
extracelulares pode permanecer presa externamente na parede
celular fungicaapdsexcregéo.

Palavras-chave: Maracuja, controle biolégico, enzimas
extracel ulares, fungos
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