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Abstract: Antibiosis is the mechanism by which certain microorganisms respond to the presence of others, secreting
compounds or metabolites capable of inhibiting or impeding their development. The crude extract of Trichoderma contains
a mixture of secondary compounds, which may show antibiotic effect, and has been used for the prospect of this fungus
for biological control and other industrial purposes. Faced with the increasing demand of agriculture for ecologically
compatible alternatives for the management of diseases, this work aimed to investigate the spectrum of action of Non-
Volatile Metabolites (NVMs) of Trichoderma isolates against different plant pathogenic fungi. The antagonistic potential
of NVMs was evaluated through the incorporation method of the filtered liquid extract in PDA medium. The assays
showed that all the NVMs produced inhibited the fungus Sclerotinia sclerotiorum similarly. On the other hand, strains
CEN1245 and CEN1274, both belonging to the species Trichoderma brevicompactum, showed broad spectrum against
Sclerotium rolfsii, Colletotrichum gloesporioides, Verticillium dahliae, Fusarium oxysporum and Cylindrocladium sp.
The present study describes isolates producing non-volatile metabolites with broad spectrum of antifungal action, as
well as pathogen-specific. The Trichoderma spp. NVMs obtained from different soil samples cultivated with vegetables,
cassava and maize were efficient in inhibiting plant pathogenic fungi belonging to other patossystems, such as forest
or fruit, which could increase their potential application in biological control of plant diseases. In addition, these
antagonistic fungi should be studied in greater depth for the identification of bioactive molecules of industrial interest
or in commercial formulations of products for biological control of plant pathogens.
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Potencial antifiingico de extratos brutos de Trichoderma spp.

Resumo: Antibiose ¢ um mecanismo pelo qual certos microrganismos respondem a presenga de outros, secretando
compostos ou metabdlitos capazes de inibir ou impedir o seu desenvolvimento. O extrato bruto de Trichoderma contém
uma mistura de compostos secundarios e tem sido utilizado na prospec¢do deste fungo para o controle biologico e
demais fins industriais. Diante da crescente demanda da agricultura por alternativas ecologicamente compativeis para o
manejo de doengas, este trabalho teve como objetivo investigar o espectro de agdo de Metabdlitos Nao Volateis (MNVs),
produzidos por isolados de Trichoderma, contra diferentes fungos fitopatogénicos. O potencial antagonico dos MNVs
foi avaliado através do método de incorporacdo do extrato liquido filtrado em meio BDA. Os ensaios mostraram que
todos os MNVs produzidos inibiram de forma semelhante o fungo Sclerotinia sclerotiorum. Por outro lado, os isolados
CEN1245 ¢ CEN1274, ambos Trichoderma brevicompactum, mostraram um amplo espectro de ac¢do, atuando contra
Sclerotium rolfsii, Colletotrichum gloesporioides, Verticillium dahliae, Fusarium oxysporum e Cylindrocladium sp.
O presente estudo descreve isolados que produziram metabolitos ndo volateis com amplo espectro de agdo antifiingico,
assim como patdgeno-especifico. Os MNVs de Trichoderma spp. obtidos de diferentes amostras de solo cultivadas com
vegetais, mandioca e milho, foram eficientes na inibi¢ao de fungos fitopatogénicos pertencentes a outros patossistemas,
como os de espécies florestais e frutiferas, o que poderia aumentar sua potencial aplicagdo no controle de doencas de
plantas. Adicionalmente, estes fungos antagonistas devem ser mais bem estudados para identificagdo de moléculas
bioativas de interesse industrial ou formulagao de produtos para o controle bioldgico de patdgenos de plantas.

Palavras-chave: metabdlitos secundarios, antagonismo, inibi¢do do crescimento micelial, fungos fitopatogénicos.
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Introduction

Trichoderma Persoon is a hyperparasite fungus that uses different
mechanisms of biological control, which include: parasitism, antibiosis,
competition, induction of resistance and growth promotion (Kumar 2013).
Antibiosis is the mechanism by which certain microorganisms respond to the
presence of others, secreting compounds or metabolites capable of inhibiting
or preventing their development (Benitez et al. 2004). According to Dennis
& Webster (1971a, b), antibiotic compounds may be Volatile Metabolites
(VMs) and Non-Volatile Metabolites (NVMs). Although these molecules are
not essential, in some cases they are important for the selective survival of
organisms under certain conditions (Donidio & Monciardini 2002), eliminating
microbial competition and, consequently, leading to greater availability
of scarce food sources in the soil (Benitez et al. 2004). Raw metabolites
consist of mixtures of compounds resulting from primary or secondary
metabolism (Yamaguchi 1996). Primary metabolites (polysaccharides,
fatty acids and nucleic acids) are common to all biological systems and
are produced in the /og phase of growth. Secondary metabolites (SMs)
are produced during the stationary phase and in lesser quantities than the
primary ones, encompassing a diversified class of low molecular weight
substances and produced by specific groups of organisms (Hanson 2003),
which include antibiotics.

Weidling (1941) described gliotoxin, isolated from the fungus
Gliocladium fimbriatum Gilman & Abbott, which was one of the first
SM described and associated with antifungal action. At the present time,
several SMs have been reported, and these are the main groups found in
Trichoderma isolates: polyketides, peptaibols, terpenoids/steroids; pyrones
and daucanes (Zeilinger et al. 2016). The SMs may play an antibiotic
function against plant pathogens (Daoubi et al. 2009, Takhiro et al. 2013),
act as a plant growth regulator, and have pharmacological properties for
use as antiaging agents, cholesterol lowering agents, cancer cell fighters,
immunological suppressors (Keswani et al. 2014) and flavoring for the
food industry (Fadel et al. 2015).

Levels of biological control exerted on a target organism vary according
to the antagonistic isolate, and therefore vary both intra and interspecifically
(Dennis & Webster 1971a, b, Brodeur 2012). In the context of the
selection of these biocontrol agents, in vitro assays are used as indicative
of the mode of action of the antagonist (Carvalho Filho et al. 2008).
The evaluation of NVMs produced by fungi under laboratory conditions,
as well as dual culture, is an initial step in the prospection of metabolites
for both biological control and other purposes and can not be overlooked.
It can be performed by the technique of cellophane paper (Khalili et al.
2012, Jeyaseelan et al. 2014, Barari 2016) or also from the liquid culture,

filtration and incorporation in the substrate method. Numerous scientific
studies have used the methodology of incorporation of filtrates into culture
medium for the evaluation of antagonism in different plant pathogenic fungi
species, such as Verticillium dahliae Kleb. (Jamdar et al. 2013), Sclerotium
rolfsii Sacc. (Darvin et al. 2013, Isaias et al. 2014, Srinivasa et al. 2014),
Sclerotinia sclerotiorum Lib. De Bary and Fusarium oxysporum Schlecht,
Snyder & Hansen (Jaspal et al. 2009, Castillo et al. 2011, Carvalho et al.
2011, Saxena et al. 2014), Colletotrichum spp. (Martins et al. 2007, Ajith
& Lakshmidevi 2010, Farah & Nasreen 2013) and Cylindrocladium sp.
(Carvalho Filho et al. 2008).

Although this biocontrol agent has been studied for a long time,
including in Brazil, the industry still needs new isolates with potential for
use in Integrated Pest Management programs (IPM). Nowadays, according
to the Brazilian Ministry of Agriculture Livestock and Food Supply
(MAPA), only five bioproducts, formulated with either 7. asperellum and
T. harzianum, are available.

Faced with the increasing demand of agriculture for ecologically
compatible alternatives for the management of diseases, this work aimed to
investigate the spectrum of action of non-volatile metabolites of Trichoderma
isolates against different plant pathogenic fungi.

Material and methods

1. Origin of fungal isolates

Eight isolates of Trichoderma from the Collection of Fungi for the
Control of Plant Pathogens and Weeds of EMBRAPA (Brazilian Agricultural
Research Corporate), already characterized and identified in previous
studies (Marques et al. 2016), were used. According to the study cited,
these isolates exhibited antifungal activity in dual culture tests in vitro
against S. sclerotiorum, and the identification was performed based on
the sequencing of regions ITS1/2 of ribosomal DNA (rDNA). In addition
to S. sclerotiorum, six other plant pathogenic fungal isolates were used in
the present study, all described in Table 1.

2. Evaluation of the antifungal activity

The methodology described by Dennis & Webster (1971a) was
used to evaluate the potential of NVMs (crude extract or filtered from
cultures) produced by Trichoderma isolates against plant pathogenic fungi.
Routine multiplications of both antagonists and pathogens was performed
on plastic Petri dishes containing commercial Potato-Dextrose-Agar
(PDA) medium. Incubation of the cultures occurred at 25 °C with

Table 1. Description of biocontrol agents and plant pathogenic fungi used in this study

Collection code Origin of the isolates Fungi
CEN1242 Maize (Zea mays L.) T. harzianum
CEN1245 Tomato (Solanum lycopersicum L.) T. brevicompactum
CENI1251 Maize (Z. mays) T. harzianum
CEN1255 Tomato (S. lycopersicum) T. harzianum
CEN1256 Tomato (S. lycopersicum) T. harzianum
CEN1258 Cassava (Manihot esculenta Crantz) T. spirale
CEN1270 Cassava (M. esculenta) T. spirale
CEN1274 Kale (Brassica oleracea var. acephala) T. brevicompactum
CEN216 Common bean (Phaseolus vulgaris L.) S. rolfsii
CEN419 Passion fruit (Passiflora edulis Sims) C. gloeosporioides
CEN1273 Chickpeas (Cicer arietinum L.) F. oxysporum
CEN494 Eucalyptus (Eucalyptus grandis Hill ex. Maiden) Cylindrocladium sp.
CEN788 Strawberry (Fragaria sp.) V. dahliae
CEN1147 Common bean (P. vulgaris) S. sclerotiorum
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Table 2. Inhibition Index of Mycelial Growth (IMG %) of plant pathogenic fungi after being confronted with filtrates from cultures of isolates of Trichoderma

Plant pathogenic fungi
Collection code Sclerotinia Fusarium Colletotrichum Sclerotium Verticillium Cylindrocladium

sclerotiorum oxysporum gloeosporioides rolfsii dahliae sp.
CEN1242 9.7a" 1.0b 1.0d 1.0c 24¢ 57b
CEN1245 92a 82a 6.8 be 95a 102 a 5.7b
CENI1251 89a 1.0b 1.0d 50b 24 5.0b
CEN1270 89a 1.0b S.lc 5.6b 55¢ 53b
CEN1255 94a 1.0b 1.0d 1.0c 1.0f 11.0a
CEN1256 95a 1.0b 1.0d 1.0c 52cd 54b
CEN1258 89a 1.0b 8.7 ab 1.0c 43d 57b
CEN1274 9.1a 7.7a 92a 57b 9.1b 59b

CV%™ 5.2 6.5 17.3 11.5 6.5 4.6

* Means followed by the same letter do not differ statistically by Tukey test (P < 0.05). ** CV: coefficient of variation.

a 12 h photoperiod for seven days. To obtain the liquid phase with the
non-volatile metabolites, the Trichoderma isolates were grown in PD
medium (Potato-Dextrose, without addition of agar) in an orbital shaker
at 150 rpm at 25 °C with absence of light for seven days. After this period,
the liquid part was collected by filtration on filter paper and centrifuged
at 6.081 x g for removal of fungal spores that could hinder membrane
sterilization. The liquid phase was filtered through cellulose membranes
of 0.45 pm diameter and incorporated into the PDA medium (~ 50 °C) in
aproportion of 25% (v / v). Three replicates were prepared with agar discs
(5 mm diameter) taken from pathogen cultures. The mycelial agar disks
were deposited in the center of each Petri dish containing PDA medium,
supplemented with the respective antagonist culture filtrates. Control
plates consisted of mycelial agar disks of each pathogen deposited in PDA
medium, with sterile distilled water added.

The evaluation of the radial mycelial growth of the pathogen was
carried out by taking the measurements of the diameter of the colonies,
in millimeters. These measurements were used to calculate the inhibition
Index of Mycelial Growth (Menten et al. 1976), using the equation:
IMG (%) =[(D_,... - Dyoud) / Do X100, where D = diameter of the radial
mycelial growth of the pathogen in the control treatment without filtrates;
D, , = diameter of the radial mycelial growth of the pathogen in the treatment
with the filtrates. These evaluations were performed when the entire surface
of the medium, in the control treatment, was colonized by the pathogen.

3. Statistical analysis

IMG data were converted to \x+1 and used in analysis of variance
(ANOVA), followed by Tukey test, at a level of 5% probability of
significance, using the program Assistat 7.6 beta (Silva & Azevedo 2016).

Results

All Trichoderma isolates tested produced NVMs that were effective
against S. sclerotiorum, with no significant statistical difference between
them (Table 2). Against F. oxysporum, only isolates CEN1245 and CEN1274
produced non-volatile compounds capable of inhibiting this fungus. Different
inhibition indices of mycelial growth of C. gloesporioides were observed in
the treatments with NVMs produced by the isolates CEN1245, CEN1270,
CEN1258 and CEN1274, but without significant statistical difference between
them. The other isolates did not produce effective secondary compounds against
this plant pathogenic fungus. Among the isolates tested against S. rolfsii, four
produced antifungal substances; however, it was isolate CEN 1245 that stood
out. V. dahliae had mycelial growth inhibited by NVMs produced by almost
all isolates tested except for CEN1255. The highest IMGs observed were,
once again, produced by isolates CEN1245 and CEN1274, with significant
statistical difference between them. Finally, all isolates produced SMs with
activity against Cylindrocladium sp., although isolate CEN1255 stood out
with the highest IMG (Table 2).
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Discussion

Since all isolates produced active NVMs against S. sclerotiorum, the
results were compared with those obtained in previously performed dual
culture tests (Marques et al. 2016), and a greater inhibition was observed
with the use of the culture filtrates than in the direct comparison between
pathogen and antagonist. This fact suggests that the main mechanism of
action of these isolates is antibiosis, that is, the production of secondary
compounds with antibiotic properties. It was observed that the three different
species, T. harzianum, T. spirale and T. brevicompactum were effective
against the fungus that causes white mold (Figure 1). Saxena et al. (2014)
reported maximum inhibition rates against this plant pathogenic fungus,
using culture filtrates from 7. harzianum and T. atroviride (Jaspal et al. 2009),
while for Castillo et al. (2011) this index was higher with 7. asperellum
NVM. 1t is postulated, therefore, that this action by antibiosis is variable
intra and interspecifically, corroborating the findings of Dennis & Webster
(1971a, b) and Brodeur (2012).

The same was verified with the other plant pathogenic fungi confronted.
Thus, the isolate that produced metabolites with the greatest capacity
for inhibition of V. dahliea was CEN1245, belonging to the species
T. brevicompactum (Table 2), while Jamdar et al. (2013) and Isaias et al.
(2014) observed a greater inhibitory effect against this pathogen, using filtrates
from T. harzianum, T. koningii and T. koningiopsis. With F. oxysporum,
the NVMs that led to the greatest inhibition of mycelial growth in this
work were also those produced by 7. brevicompactum (CEN1245 and
CEN1274). There are reports of greater inhibition of F. oxysporum
with metabolites of T viride (Farah & Nasreen 2013) and 7. harzianum
(Farah & Nasreen 2013, Saxena et al. 2014). In addition to the filtrates from
the last two of the aforementioned isolates of 7. brevicompactum, another
one also filtered from 7. harzianum (CEN1258) inhibited the mycelial
growth of C. gloesporioides. Several studies, such as those developed by
Ajith et al. (2010), Jaspal et al. (2009) and Martins et al. (2007) reported
the production of T viride and T. harzianum metabolites as those with the
highest antifungal potential of different species of Colletotrichum, among
several other species tested.

In the tests with Cylindrocladium sp., the isolate CEN1255, from T. harzianum,
was highlighted as to the potential inhibition of growth of this pathogen.
The same was verified by Carvalho Filho et al. (2008) who, however, also
selected a 7. pseudokoningii isolate as highly active against this pathogen
in NVMs production tests. As for S. rolfsii, the culture filtrate with the
highest antifungal effect was 7. brevicompactum (CEN1245), while in the
literature the filtrates were 7. harzianum (Saxena et al. 2014), T. viride
(Darvin et al. 2013) and T virens (Srinivasa et al. 2014), corroborating,
once again, with Dennis & Webster (1971a, b) and Brodeur (2012).

In the present study the intra and interspecific variation of the antifungal
activity of Trichoderma isolates in relation to different plant pathogenic
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Figure 1. Effect of filtrates from cultures of Trichoderma spp. that stood out in the mycelial growth of plant pathogenic fungi, where al-a6: Control treatments, b1-b6:
treatments with the isolate CEN1245 and c1-c5: treatments with isolate CEN1274 and al, bl and c1: S. rolfsii (CEN216), a2, b2 and ¢2: F. oxysporum (CEN1273), a3, b3
and c3: C. gloesporioides (CEN419), a4, b4 and c4: V. dahliae (CEN788), a5, b5 and c5: Cylindrocladium sp. (CEN609) and a6, b6 and c6: S. sclerotiorum (CEN1147),

respectively.

fungi was confirmed. Filtered cultures of the isolates of 7. brevicompactum,
CEN1245 and CEN1274, presented a broad antifungal spectrum, although
isolates from other species were also prominent in the production of active
metabolites with specificity against the plant pathogenic fungi used in the
experiments. The Trichoderma metabolites obtained from different soil
samples cultivated with vegetables, cassava and maize were effective to
plant pathogenic fungi belonging to other patossystems such as forest or
fruit trees, which could broaden their application in the biological control
of plant diseases. In addition, the antagonistic fungi should be studied in
greater depth for the identification of bioactive molecules of industrial
interest or in commercial formulations of products for biological control
of plant pathogens.
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