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Abstract. Several diseases in crop plants caused
by pathogenic fungi represent an economic
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Resumen. Muchas enfermedades en cultivos
causadas por hongos patdgenos representan un
problema econdémico debido a las pérdidas que
éstas causan. Del mismo modo microorganismos
antagonistas tales como Trichoderma spp.y Baci-
[lus spp., entre otros, han sido usados como agentes
de control bioldgico como una alternativa eficien-
te para reducir el uso de fungicidas quimicos en el
control de enfermedades de plantas. El objetivo de
este estudio fue identificar taxas de microorganis-
mos patdgenos y antagonistas basado en sus carac-
teres moleculares y evaluar la actividad antagonica
in vitro de dos aislados de Bacillus y dos aislados
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problem due the losses they cause. Likewise,
antagonistic microorganisms have been used as
biological control agents such as Trichoderma spp.
and Bacillus spp., among others as an efficient
alternative to reduce the use of chemical fungicides
in the control of crop diseases. The aim of this study
was to identify the taxa of pathogens and antagonists
microorganisms based on their molecular characters
and to evaluate the antagonistic activity in vitro
of two Bacillus isolates and two Trichoderma
isolates, against five common pathogenic fungi:
Fusarium oxysporum, Botrytis cinerea, Penicillium
crustosum, Aspergillus nidulans, and Alternaria
alternata. The nine microorganisms were used
for the gDNA extraction and to amplify the 18S
ribosomal DNA gene and the Internal Transcribed
Spacer with the ITS primers ITS5 and ITS4 of
fungi and gene of the 16S of the rDNA, using the
universal primers EU(F) and EU(R) for bacteria,
for molecular identification. Both 7. asperellum
isolates showed a significant antagonistic activity
against the phytopathogenic fungi tested where the
percentage of radial growth inhibition (PRGI) of
the fungi colonies ranged from 43 to 71 %, whereas
the PRGI induced by Bacillus species, were
significant, with values up to 69 % when tested
in vitro against B. cinerea, while the lowest effect
was observed with F. oxysporum, P. crustosum,
and A. nidulans. Both Bacillus species induced the
presence of an inhibition halo, with values of 5 and
11 mm, when tested in vitro against F. oxysporum,
and B. cinerea, respectively. The antagonistic effect
of the bacterial and fungal isolates showed that
these microorganisms could be used as biological
control agents of several phytopathogenic fungi of
crop plants.

Key words: Bacillus methylotrophicus, Bacillus

amyloliquefaciens,  Trichoderma  asperellum,

phytopathogens, ITS  region,  molecular

identification.
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de Trichoderma contra cinco hongos patogénicos
comunes: Fusarium oxysporum, Botrytis cinerea,
Penicillium crustosum, Aspergillus nidulans y Al-
ternaria alternata. Para la identificacion molecu-
lar, los nueve microorganismos fueron usados para
la extraccion del ADN gendémico y amplificacion
del gen del ADN ribosomal 18S y del Espaciador
Transcrito Interno con los iniciadores ITS (ITS5 e
ITS4) para los hongos y el gen del 16S del ADNr,
usando los iniciadores universales EU(F) y EU(R)
para bacterias. Ambos aislados de 7. asperellum
mostraron una actividad antagonista significativa
contra los hongos fitopatégenos probados, donde
los porcentajes de inhibicion del crecimiento radial
(PICR) de las colonias de hongos fitopatégenos
fluctud de 43 a 71 %, mientras los PICR inducidos
por Bacillus fueron significativos, con valores de
hasta 69 % cuando se probaron in vitro contra B.
cinerea, mientras que el efecto mas bajo se obser-
v6 con F. oxysporum, P. crustosum y A. nidulans.
Ambeas especies de Bacillus, indujeron la presencia
de un halo de inhibicién, con valores de 5y 11 mm,
cuando se probaron in vitro contra F. oxysporum
y B. cinerea, respectivamente. Los efectos antago-
nistas de los aislados de bacterias y hongos, mues-
tran que estos microorganismos pueden ser usados
como agentes de control biologico de varios hon-
gos fitopatogenos de cultivos.

Palabras clave: Bacillus methylotrophicus, Baci-
llus amyloliquefaciens, Trichoderma asperellum,
fitopatdgenos, region ITS, identificacion molecular.

Una gran diversidad de microorganismos pato-
génicos tales como Oomicetos, hongos, bacterias,
nematodos, entre otros, pueden causar enferme-
dades en cultivos, siendo un serio problema oca-
sionando pérdidas econémicas en todo el mundo.
Por consiguiente, los problemas y limitaciones
del control de enfermedades en plantas, ha sido
manejado mediante el uso de plaguicidas quimicos.
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A great diversity of pathogenic microorganisms
such as Oomycetes, fungi, bacteria, nematodes,
among others, can cause diseases in crop plants,
being a serious problem causing economic losses
worldwide. Therefore, the problems and limitations
of the control of plant diseases have been handled
by using chemical pesticides. Furthermore, its
inappropriate use has been linked to several
problems such as environmental pollution, food
residues, intoxication risk when they are managed
without adequate protection equipment, also
resistant development of pathogens to the synthetic
fungicides and the loss of the natural biodiversity
in agroecosystems (Harris et al., 2001; Fisher et
al., 2012). This problematic has conducted to the
search of new alternatives for managing plant
diseases that are ecologically and economically
viable, with minimal impact on the environment.

An alternative to chemical control of
phytopathogenic fungi is its suppression by use of
biological control agents with emphasis in the use
of native antagonists (Zeilinger and Omann, 2007,
Vinale et al., 2008), being a tool that does not affect
the environment. Consideration has been given
to the possibility of controlling pathogens by the
use of several microorganisms with antagonistic
activity such as fungi, bacteria, and actinomycetes.
However, the first two have been the most used,
mainly Trichoderma and Bacillus genera. The
most used bacteria specie has been B. subtilis,
however there are other antagonist species such
as B. methylotrophicus and B. amyloliquefaciens
which have been poorly studied, but have been
considered as efficient colonizers that are widely
spread in different habitats, due to its capacity to
form spores, grow in a wide range of temperatures,
antibiotic production that inhibit the growth of
phytopathogens, besides being plant growth
promoters (Leelasuphakul ez al., 2008). Both,
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Ademas, su uso inapropiado se ha relacionado con
varios problemas tales como contaminaciéon am-
biental, residuos en alimentos, también el desarro-
llo de resistencia a los fungicidas sintéticos por los
patogenos y la pérdida de la biodiversidad natural
en los agroecosistemas (Harris et al., 2001; Fisher
et al., 2012). Esta problematica ha conducido a la
busqueda de nuevas alternativas para el manejo de
enfermedades de plantas que sean ecoldgica y eco-
némicamente viables, con un impacto minimo en
el ambiente.

Una alternativa al control quimico de hongos
fitopatogénicos es su supresion por el uso de agen-
tes de control bioldgico con énfasis en el uso de
antagonistas nativos (Zeilinger and Omann, 2007;
Vinale et al., 2008), siendo una herramienta que
no afecta al ambiente. Se ha considerado la posi-
bilidad de controlar patdgenos por el uso de varios
microorganismos con actividad antagénica tales
como hongos, bacterias y actinomicetos. Sin em-
bargo, los dos primeros han sido los méas usados,
principalmente los géneros Trichoderma y Baci-
llus. Bacillus subtilis ha sido la especie de bacterias
mas usada, sin embargo, existen otras especies de
antagonistas tales como B. methylotrophicus y B.
amyloliquefaciens, las cuales han sido pobremente
estudiadas, pero han sido consideradas como colo-
nizadores eficientes que se diseminan ampliamen-
te en diferentes habitats, debido a su capacidad de
formar esporas, su crecimiento en un amplio rango
de temperaturas, produccion de antibidticos que
inhiben el crecimiento de fitopatogenos, ademas
de ser promotores del crecimiento vegetal (Leela-
suphakul et al., 2008). Ambos antagonistas, hongos
y bacterias, constituyen la mayoria de la poblacion
microbiana en el suelo, que ha sido el principal re-
servorio natural, donde el equilibrio entre la diver-
sidad de microorganismos es dinamico, contribu-
yendo en la reduccion de enfermedades en plantas
cultivadas y no cultivadas (Gajera and Vakharia,
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antagonistic fungi and bacteria, constitute the
majority of the microbial population in soil that is
the main natural reservoir, where the equilibrium
between the diversity of microorganism is dynamic,
contributing in reducing diseases in crop plants and
uncultivated plants (Gajera and Vakharia, 2010;
Singh and Islam, 2010). This ecological balance
is supported by different complex interactions to
inhibit the growth of phytopathogenic fungi through
several modes of action such as: direct competition
for nutrients and space, direct mycoparasitism,
production of antibiotics by the excretion of toxic
compounds like cytokinins and auxins, inactivation
of pathogenic enzymes, also can be compatible
with management practices, including the use of
pesticides, production of organic and inorganic
volatile compounds. Besides its fast growth, are
easily adaptable, induces systemic resistance in
host plants to pathogens, and contributes to a better
assimilation of nutrients (Ezziyyani et al., 2004;
Harman, 2006; Leelasuphakul et al., 2008; Vinale
et al., 2008; Arguelles, 2009; Correa et al., 2009).

However, antagonistic microorganisms populations
have been reduced by anthropogenic activities,
especially by chemical pesticides used in the
crops management (Gajera and Vakharia, 2010).
Microbial control agents are commonly used for
the management of bacterial and fungal diseases in
crops and it is becoming more widely used, with a
possible reduction in the use of synthetic pesticides.
Thesemicrobial agentsare generallyidentified based
on their microscopic morphological characters.
Although microorganisms can be identified based
on morphologic characters, molecular techniques
are nowadays widely used and in general more
acceptable tools for identification that offer quick
and reliable information for the study of identity
(Gajera and Vakharia, 2010). Therefore the aims
of this study were to identify taxa and to evaluate
the antagonistic activity in vitro of two Bacillus
isolates and two Trichoderma asperellum isolates,
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2010; Singh and Islam, 2010). Este balance eco-
logico esta apoyado por diferentes interacciones
complejas para inhibir el crecimiento de hongos
fitopatogénicos a través de varios modos de accion
tales como: competencia directa por nutrientes y
espacio, micoparasitismo directo, produccion de
antibidticos por la excrecion de compuestos toxi-
cos como citoquininas y auxinas, inactivacion de
enzimas patogénicas, ademas pueden ser compa-
tibles con las practicas de manejo, incluyendo el
uso de plaguicidas, produccion de compuestos
volatiles organicos e inorganicos. Ademas de su
rapido crecimiento, son facilmente adaptables, in-
ducen resistencia sistémica en las plantas hospede-
ras hacia los patégenos y contribuyen a una mejor
asimilacion de nutrientes (Ezziyyani et al., 2004;
Harman, 2006; Leelasuphakul et al., 2008; Vinale
et al., 2008; Arguelles, 2009; Correa et al., 2009).

Sin embargo, las poblaciones de microorganismos
antagonistas han sido reducidas por actividades
antropogénicas, especialmente por los plaguicidas
quimicos usados en el manejo de cultivos (Gajera
and Vakharia, 2010). Los agentes de control micro-
biano se utilizan cominmente para el manejo de
enfermedades bacterianas y fungicas en cultivos y
estos han comenzado a ser ampliamente utilizados,
con una posible reduccion en el uso de plaguicidas
sintéticos. Estos agentes microbianos son identifi-
cados generalmente basado en sus caractéres mor-
fologicos microscopicos. Aunque los microorga-
nismos pueden ser identificados basados en sus
caracteres morfologicos, las técnicas moleculares
son hoy en dia las mas ampliamente utilizadas y
en general son herramientas mas aceptadas para
la identificacion que ofrecen informacion rapida
y fiable para el estudio de identidad (Gajera and
Vakharia, 2010). Por lo tanto, los objetivos de este
estudio fueron identificar los taxones y evaluar la
actividad antagénica in vitro de dos aislados de
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against five common pathogenic fungi.

Experimental site and biological samples.

The experiment was performed in vitro, in the
Laboratory of Patologia Vegetal y Control Biologico
of the Centro de Investigacion en Alimentacion
y Desarrollo, A.C., Cuauhtémoc,
Chihuahua, México. Microorganisms used, were
obtained from the microorganisms ceparium of the
same Campus. Pathogens were isolated from fruits,
diseased tissue of apple trees and soil samples
near to rhizosphere, collected from different apple
orchards and geographic regions of Chihuahua,
Meéxico, in different periods. Also antagonists were
obtained from soil samples near to rhizosphere of
apple trees in the same geographic regions and
were selected by their antagonistic capacity in vitro
against Oomycetes (Rios-Velasco et al., 2014). The
fungi were active into potato-dextrose-agar (PDA,
Bioxon™ Becton Dickinson de México, S.A. de
C.V.) and incubated at 26 °C in an environmental
Model 6LM,

Campus

chamber (Precision Scientific,
Winchester, VA, USA) for 5-10 d.

Morphological and molecular identification.

Nine microorganisms: five phytopathogenic
fungi, two antagonistic fungi and two antagonistic
bacteria isolates, used in this study were identified
to genus with the help of taxonomic keys according
to their morphological characters as viewed by an
optical microscope (Carl Zeiss, Jena, Germany)
(Dugan, 2006; Watanabe, 2010). Subsequently,
were molecularly identified in the Centro de
Investigacion y de Estudios Avanzados del Instituto
CINVESTAV, Campus
Irapuato, Guanajuato, México.

To identify the fungal isolates based on their
molecular characters, their genomic DNA (gDNA)
was extracted. Thus, an explant of each purified
fungus was placed and cultured in a Petri dish with

Politécnico Nacional,
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Bacillus y dos aislados de Trichoderma aspere-
[lum, contra cinco hongos fitopatogénicos comu-
nes.

Sitio experimental y muestras biolégicas.

El experimento se realiz6 in vitro, en el Labo-
ratorio de Patologia Vegetal y Control Bioldgico
del Centro de Investigacion en Alimentacion y De-
sarrollo, A.C., Campus Cuauhtémoc, Chihuahua,
Meéxico. Los microorganismos utilizados, se obtu-
vieron del cepario de microorganismos del mismo
Campus. Los patogenos se aislaron de frutos y te-
jido enfermo de arboles de manzano y de muestras
de suelo cercano a la rizosfera, recolectados de di-
ferentes huertos de manzano y regiones geograficas
de Chihuahua, México, en diferentes periodos. Asi
mismo, los antagonistas se obtuvieron de muestras
de suelo cercano a la rizosfera de arboles de man-
zano en las mismas regiones geograficas y fueron
seleccionados por su capacidad antagonica in vitro
contra Oomicetos (Rios-Velasco et al., 2014). Los
hongos fueron activados en papa-dextrosa-agar
(PDA, Bioxon™® Becton Dickinson de México,
S.A. de C.V.) ¢ incubados a 26 °C en una camara
ambiental (Precision Scientific, Model 6LM, Win-
chester, VA, USA), por 5-10 d.

Identificacion morfolégica y molecular.

Nueve microorganismos: cinco aislados de hon-
gos fitopatogenicos, dos de hongos antagonistas y
dos de bacterias antagonistas, usados en este estu-
dio, fueron identificados hasta género con la ayuda
de claves taxonomicas, de acuerdo a sus caracteres
morfologicos, asi como observados en un micros-
copio oOptico (Carl Zeiss, Jena, Germany) (Dugan,
2006; Watanabe, 2010). Subsecuentemente, fueron
identificados molecularmente en el Centro de In-
vestigacion y de Estudios Avanzados del Instituto
Politécnico Nacional, CINVESTAYV, Campus Ira-
puato, Guanajuato, México.
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PDA covered with a sterile cellophane to facilitate
the collection of the fungal biomass and incubated
at 26 °C for 7 d. Mycelium was collected in a
porcelain mortar together with a buffer [200 mM
Tris-HCl at pH = 8, 250 Mm NaCl, 25 mM EDTA,
0.5 % SDS] for gDNA extraction filamentous
fungi at 70 °C, frozen with liquid nitrogen and
macerated following the protocol described by
Raeder and Broda (1985). The gDNA obtained
from fungi was examined by electrophoresis in
an 1 % agarose gel, which was used to amplify
the 18S rDNA gene and the Internal Transcribed
Spacer (ITS), using the universal primers ITS5
(5’-GGAAGTAAAAGTCGTAACAAGG-3’)
and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’)
where the expected fragments were about 600 to
710 bp (White et al., 1990). The amplification
conditions were divided into various steps: an
initial step of denaturalization at 94 °C for 5 min,
a second step comprising 30 cycles including
denaturalization at 94 °C of 30 s, an alignment step
at 60 °C for 30 s, a step of extension at 72 °C for
45 s, and when the cycles were completed, a final
extension at 72 °C for 10 min.

For the antagonistic bacteria, an explant of
the purified colony of 72 h growth was taken
for the gDNA extraction described by Heddi et
al. (1999). The gDNA obtained was examined
by electrophoresis in an 1 % agarose gel, which
was used to amplify the gene of the 16S of the
rDNA by PCR, using the universal primers EU(F)
(5’-AGAGTTTGATCATGGCTCAG-3") and
EUR) (5’-TACCTTGTTACGACTTCACC-3"). The
amplification conditions were divided into various
steps: an initial of denaturalization at 94 °C for 5
min, a second step comprising 35 cycles including
denaturalization at 94 °C for 30 s, an alignment step
at 53 °C for 45 s, a step of extension at 72 °C for
45 s, and when the cycles were completed, a final
extension at 72 °C for 10 min (Heddi et al., 1999).
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Para identificar los aislados de hongos por sus
caracteres moleculares, se extrajo su ADN gen6mi-
co (ADNg). Por lo tanto, un explante de cada hongo
purificado se colocd y cultivo en una caja de Petri
con PDA cubierto con celofan estéril para facilitar
la recolecta de la biomasa fiingica e incubado a
26 °C por 7 d. El micelio se recolecté en un mortero
de porcelana, junto con un amortiguador [200 mM
Tris-HCl a pH = 8, 250 Mm NaCl, 25 mM EDTA,
0.5 % SDS] para la extraccion de ADNg de hongos
filamentosos a 70 °C, congelado con nitrégeno li-
quido y macerado, siguiendo el protocolo descrito
por Raeder and Broda (1985). El ADNg obtenido
de los hongos, fue examinado por electroforesis en
un gel de agarosa al 1 %, el cual se utiliz6 para am-
plificar el gen 18S del ADN ribosomal (ADNr) y el
Espaciador Transcrito Interno (ITS, por sus siglas
en inglés), usando los iniciadores universales TS5
(5’-GGAAGTAAAAGTCGTAACAAGG-3’) e
ITS4 (5’-TCCTCCGCTTATTGATATGC-3"), don-
de los fragmentos esperados fueron de aproxima-
damente 600 a 710 pb (White et al., 1990). Las
condiciones de amplificacion fueron divididas en
varios pasos: un paso inicial de desnaturalizacion a
94 °C por 5 min, un segundo paso comprendiendo
30 ciclos, incluyendo una desnaturalizacion a 94 °C
por 30 s, un paso de alineamiento a 60 °C por 30 s,
un paso de extension a 72 °C por 45 s y cuando se
completaron los ciclos, una extension final a 72 °C
por 10 min.

Para las bacterias antagonistas, se tomo un ex-
plante de la colonia purificada de 72 h de creci-
miento, para la extraccion del ADNg descrita por
Heddi et al. (1999). E1 ADNg obtenido, se examind
por electroforesis en un gel de agarosa al 1 %, el
cual se utilizo para amplificar el gen del 16S del
ADNTr por PCR, usando los iniciadores universales
EU(F) (5-AGAGTTTGATCATGGCTCAG-3") y
EUR) (5-TACCTTGTTACGACTTCACC-3").
Las condiciones de amplificacion se dividieron en
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The PCR products of both microorganisms’ taxa
were examined by electrophoresis in an 1 % agarose
gel. Subsequently, were sequenced by the company
Macrogen (Rockville, Maryland, USA). Sequences
obtained were compared against the NCBI database
using the BLAST algorithm (Altschul ef al., 1990)
to verify the percent identity and they corresponded
to the identified species. The nucleotide sequences
obtained, have not been deposited in the NCBI.

Inoculum preparation.

The inoculum was prepared by a suspension of
fungal spores and bacteria, respectively, in sterile
peptone-water containing sodium chloride at
0.85 % and peptone at 0.1 % into 2 mL micro tubes.
The concentration of spores was estimated using a
Neubauer chamber (Neubauer Improved bright-
line, Marienfield, Germany) and bacteria were
quantified by technique of serial dilutions and plate
colony count. Both suspensions were stored at 0
°C until use. The concentration of the suspensions
where the filter paper circles were immerse for the
evaluation of antagonistic activity in vitro, ranged
from 1.0 x 107 to 9.5 x 107 fungi spores or CFU-
bacteria per milliliter.

In vitro evaluation of antagonism.

In vitro confrontations of 7. asperellum against
pathogenic fungi were performed using the dual
culture technique (Petri dishes, 90 x 15 mm) with
PDA, that consisted in placing in one side of the
dish a filter paper circle of 6 mm in diameter,
impregnated with a suspension of conidia and
mycelium as the inoculum of pathogens and in
the opposite side of the Petri dish, another filter
paper circle with mycelium and/or conidia of the
antagonist was placed. Ten replicates for each
evaluation were performed by triplicate. Also ten
controls (Petri dishes) by triplicate were considered,
both phytopathogens as

antagonists, grown
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varios pasos: un paso inicial de desnaturalizacion a
94 °C por 5 min, un segundo paso comprenidendo
35 ciclos incluyendo una desnaturalizacion a 94 °C
por 30 s, un paso de alineamiento a 53 °C por 45 s,
un paso de extension a 72 °C por 45 s y cuando los
ciclos se completaron, una extension final a 72 °C
por 10 min (Heddi et al., 1999).

Los productos de PCR de ambos taxones de mi-
croorganismos, se examinaron por electroforesis
en un gel de agarosa al 1 %. Subsecuentemente,
fueron secuenciados por la compafiia Macrogen
(Rockville, Maryland, EUA). Las secuencias ob-
tenidas se compararon con la base de datos del
NCBI usando el algoritmo de BLAST (Altschul e?
al., 1990), para verificar el porcentaje de identidad
y que correspondieran a las especies identificadas.
Las secuencias de nucledtidos obtenidas, no han
sido depositadas en el NCBI.

Preparacion del indculo.

El indculo se preparé mediante una suspension
de esporas flngicas y bacterias, respectivamente,
en agua peptonada estéril que contenia cloruro de
sodio al 0.85 % y peptona al 0.1 % en microtubos
de 2 mL. La concentraciéon de esporas se estimd
usando una camara de Neubauer (Neubauer Im-
proved bright-line, Marienfield, Alemania) y las
bacterias se cuantificaron por la técnica de dilucio-
nes seriadas y conteo de colonias en placa. Ambas
suspensiones se almacenaron a 0 °C hasta su uso.
La concentracion de la suspensiones donde los cir-
culos de papel filtro fueron sumergidas para la eva-
luacién de la actividad antagdnica in vitro, fluctud
de 1.0 x 107 a 9.5 x 107 esporas de hongos o UFC-
bacteria por mililitro.

Evaluacion del antagonismo In vitro.

Las confrontaciones in vitro de T. asperellum
contra hongos fitopatogénicos, se realizaron usan-
do la técnica de cultivo dual (cajas de Petri, 90
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separately. Petri dishes inoculated were incubated
at 28 °C for 15 d in an environmental chamber
(Precision Scientific, Model 6LM, Winchester,
USA). The radial growth of the fungal colonies
was measured every 24 h for both microorganisms
pathogens and antagonists. The inhibition halo,
between phytopathogen and antagonist colonies in
confrontation, was measured to the cardinal points
of the Petri dish at 14 d post-incubation (Aquino-
Martinez et al., 2008).

The time when pathogen-antagonist colonies
contacted, inhibition of radial growth of the colony,
and type of antagonism according to Bell’s scale
(Bell et al., 1982) were evaluated. Where the
antagonistic activity was measured by five levels,
being the level one of the scale when the antagonist
overgrown completely the pathogen and fills the
culture surface and the level five was when the
pathogen overgrown completely to the antagonist
and fills the culture surface.

The antagonism of 7. asperellum was evaluated
registering the following variables: radial growth
of the antagonist (RGA), radial growth of the
pathogen (RGP), and percentage of radial growth
inhibition (PRGI). The PRGI was determined
at sixth day post-inoculation using the formula
proposed by Ezziyyani et al. (2004), PRGI = [(R1
—R2)/R1] x 100, where R1 was the radial growth
of the control colony (pathogen) and R2 was the
radial growth of the pathogen colony in the in vitro
confrontation.

In vitro confrontation of Bacillus species against
pathogens were performed by placing one filter
paper circle of 6 mm in diameter of pathogen in
the center of Petri dish containing PDA, whereas
the bacteria were inoculated on the cardinal points
of the Petri dish, using filter paper circles of 6 mm
in diameter with the inoculum. Ten replicates
(Petri dishes) by triplicate were performed for each
bacterium-fungus in vitro evaluation. Each of the
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x 15 mm) con PDA, que consistioé en colocar en un
lado de la caja, un circulo de papel filtro de 6 mm
de diametro, impregnado con una suspension de
conidias y micelio del inoculo del patogeno y en
el lado opuesto de la caja de Petri, se coloco otro
circulo de papel filtro con el micelio y/o conidias
del antagonista. Se realizaron diez repeticiones por
triplicado para cada evaluacion. También se consi-
deraron diez testigos (cajas de Petri) por triplicado,
tanto de los fitopatégenos como de los antagonis-
tas, crecidos por separado. Las cajas de Petri ino-
culadas, se incubaron a 28 °C por 15 d en una ca-
mara ambiental (Precision Scientific, Model 6LM,
Winchester, EUA). El crecimiento radial de las co-
lonias de hongos se midi6 cada 24 h para ambos
microorganismos patdogenos y antagonistas. El halo
de inhibicioén, entre las colonias de fitopatogenos y
antagonistas en confrontacion, se midio hacia los
puntos cardinales de la caja Petri a los 14 d post-
incubacion (Aquino-Martinez et al., 2008).

Se evalud el tiempo cuando las colonias patdge-
no-antagonista entraron en contacto, la inhibicion
del crecimiento radial de la colonia y el tipo de an-
tagonismo de acuerdo con la escala de Bell (Bell et
al., 1982). Donde la actividad antagdnica se midio
en cinco niveles, siendo el nivel uno de la escala
cuando el antagonista sobrecrecié completamen-
te al patdogeno y llend por completo la superficie
del medio de cultivo, y el nivel cinco fue cuando
el patdgeno sobrecrecid por completo al antagonis-
ta y llené por completo la superficie del medio de
cultivo. El antagonismo de 7. asperellum se evalud
registrando las siguientes variables: crecimiento ra-
dial del antagonista (CRA), crecimiento radial del
patogeno (CRP) y el porcentaje de inhibicion del
crecimiento radial (PICR). El PICR se determin6
al sexto dia de post-incubacion usando la féormu-
la propuesta por Ezziyyani et al. (2004), PRGI =
[(R1—-R2)/R1] % 100, donde R1 fue el crecimien-
to radial de la colonia testigo (patogeno) y R2 el
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control treatments of phytopathogenic fungi was
cultured separately and incubated at 28 °C for 14 d.
The radial growth of the pathogen in confrontation
towards the antagonist colony was measured daily
and in controls the radial growth from the center
of the Petri dish toward the cardinal points was
measured.

Statistical analysis.

Both bioassays were performed in triplicate, with
ten Petri dishes per replicate, for each bacterium-
fungus in vitro evaluation, using a completely
randomized design, with five treatments: two
antagonistic fungal isolates and two antagonistic
bacteria isolates, confronted against five pathogens,
besides 1 control, where each treatment was an
antagonist microorganism with 30 Petri dishes (i.e.,
a total of 600). Data of PRGI and inhibition halo
were analyzed using the Statistical Analysis System
version 9.0 (SAS, 2002) for balanced analysis of
variance (ANOVA) and means were separated by
Tukey’s test (P < 0.05).

Pathogens and antagonists identified.
The  phytopathogens identified
morphologically and from the sequences of the

fungi

PCR products were: Fusarium oxysporum strain
LCF32, Botrytis cinerea strain G409, Penicillium
crustosum strain 06CKO005, Aspergillus nidulans
strain UOA/HCPF, Alternaria alternata strain
HMY 2-1, which had a 99-100 % of identity and
a maximum similarity with the molecular scores
and taxonomic keys excepting P. crustosum, that
showed a 78 % of identity, corresponding to each
strain and according to the sequences available
in the GenBank database (NCBI), obtained by
the BLAST algorithm (Altschul et al, 1990).
Also sequencing data showed that the fungal and
bacterial antagonistic isolates identified were:

Trichoderma asperellum TC1 strain LAHC-
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crecimiento radial de la colonia del patogeno en la
confrontacion in vitro.

La confrontacion in vitro de las especies de
Bacillus contra patdégenos se realizd colocando un
circulo de papel filtro de 6 mm de diametro del pa-
togeno en el centro de la caja de Petri, que contenia
PDA, mientras la bacteria se inocul6 en los puntos
cardinales de la caja de Petri, usando circulos de
papel filtro de 6 mm de diametro con el inoculo.
Se realizaron diez repeticiones (cajas de Petri) por
triplicado, para cada evaluacion in vitro bacteria-
hongo. Cada uno de los los tratamientos testigo de
hongos fitopatogenos se sembraron por separado, e
incubados a 28 °C por 14 d. Se midi6 diariamente,
el crecimiento radial del patéogeno en la confronta-
cion, hacia la colonia del antagonista y en los tes-
tigos se midi6 el crecimiento radial desde el centro
de la caja de Petri hacia los puntos cardinales.

Analisis estadistico.

Ambos bioensayos se realizaron por triplicado,
con diez cajas de Petri por cada repeticion, para
cada evaluacion in vitro de bacteria-hongo, usando
un disefio completamente al azar, con cinco trata-
mientos: dos aislados de hongos antagonistas y dos
aislados de bacterias antagonistas, confrontados
contra cinco patdégenos, ademas de 1 control, don-
de cada tratamiento fue un microorganismo antago-
nista con 30 cajas de Petri (ej., un total de 600). Los
datos del PICR y halo de inhibicion se analizaron
usando el Statistical Analysis System version 9.0
(SAS, 2002), para el analisis de varianza (ANVA)
y las medias fueron separadas usando la prueba de
Tukey (P <0.05).

Patogenos y antagonistas identificados.

Los hongos fitopatogenos identificados morfo-
logicamente y de las secuencias de los productos
de PCR fueron: Fusarium oxysporum cepa LCF32,
Botrytis cinerea cepa G409, Penicillium crustosum
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FFPK-M16- and 7. asperellum TC2 strain BHU-
BOT-RYRLI16, Bacillus methylotrophicus strain
IS04, Bacillus amyloliquefaciens strain Abk-2,
had 99-100 % identity and maximum scores when
compared with GenBank sequence, obtained from
the BLAST algorithm NCBI database (Altschul e?
al., 1990).

Antagonistic activity.

Radial growth of the five
phytopathogenic fungi tested, was significantly
reduced when evaluated in vitro against T

In vitro.

asperellum TC1 and TC2, where both antagonists
fungi showed a significant efficiency to inhibit
the growth of phytopathogens fungi at 6-8 d post-
evaluation (Table 1, Figure 1). Petri dishes of
the controls of both 7. asperellum isolates were
completely covered by the growth of the fungi at
the third day post-inoculation. Meanwhile at sixth
day post-inoculation, both TC1 and TC2 isolates,
came in contact with F oxysporum, B. cinerea,
P crustosum, and A. alternata except with A.
nidulans. The highest PRGI rates were shown in B.

cepa 06CKO005, Aspergillus nidulans cepa UOA/
HCPF, Alternaria alternata cepa HMY 2-1, los
cuales tuvieron un 99-100 % de identidad, excepto
P. crustosum, que mostr6é un 78 % de identidad, y
una maxima similitud con las maximas puntuacio-
nes y las claves taxonémicas, correspondiendo a
cada cepa y de acuerdo con las secuencias dispo-
nibles en la base de datos del GenBank (NCBI),
obtenidas por el algoritmo de BLAST (Altschul et
al., 1990). Asi mismo, los datos de la secuencia-
cion mostraron que los aislados de los hongos y
bacterias antagonistas identificados fueron: Tricho-
derma asperellum TC1 cepa LAHC-FFPK-M16-y
Trichoderma asperellum TC2 cepa BHU-BOT-
RYRLI16, Bacillus methylotrophicus cepa 1S04,
Bacillus amyloliquefaciens cepa Abk-2, tuvieron
99-100 % de identidad y las maximas puntuacio-
nes, al ser comparadas con las secuencias del Gen-
Bank, obtenidas por el algoritmo de BLAST en la
base de datos del NCBI (Altschul et al., 1990).

Actividad antagénica.
Iin vitro. El crecimiento radial de los cinco

Table 1. In vitro radial growth of phytopathogenic fungi, when inhibited by Bacillus species 14 d post-inoculation and by

Trichoderma species at sixth day of incubation.

Cuadro 1. Crecimiento radial in vitro de hongos fitopatdgenos, al ser inhibidos por especies de Bacillus a los 14 d post-inoculacion
y por especies de Trichoderma a los seis dias de incubacion.

Phytopathogens

Inhibition of pathogen (%) + SD

fungi B. methylotrophicus B. amyloliquefaciens
\Fusarium oxysporum 42.0+£7.2 b* 51.5£59b 52.3£2.9 d(1) 43.3£3.5 e(1)
Botrytis cinerea 69.0+3.3 a 63.5+4.7 a 71.6+4.0 a(1) 69.844.7 a(1)
\Penicillium crustosum 47.3+59b 41.1£3.3d 52.3+£2.7 d(1) 52.0£3.1 ¢(2)
lternaria alternata 66.0+£7.5 a 64.1+3.7 a 62.0+4.1 b(1) 56.0+£2.1 b(1)
Uspergillus nidulans 46.7+44.3 b 47.6+4.1 ¢ 58.8+4.5 ¢(2) 47.246.6 d(2)

*Letters in the same column indicate significant differences in the treatments where the means followed by the same letter are
not significantly different (ANOVA) according to Tukey’s test (P < 0.05) / Las letras en la misma columna, indican diferencias
significativas en los tratamientos donde las medias seguidas por la misma letra, no son significativamente diferentes (ANVA) de
acuerdo con la prueba de Tukey (P <0.05).

Antagonistic activity was measured according to scale of Bell er al. (1982) where: (1) antagonist (7richoderma) overgrown
completely on pathogen’s colony and completely covered medium’s surface, and (2) antagonist (7richoderma) two thirds of medium
surface overgrown. SD= Standard deviation / La actividad antagonica se midio de acuerdo con la escala de Bell et al. (1982) donde:
(1) el antagonista (7richoderma) sobrecrece completamente la colonia del patdogeno y cubre completamente la superficie del medio,
y (2) el antagonista (Trichoderma) sobrecrece dos tercios de la superficie del medio. DE= Desviacion estandar.
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Figure 1. Mycoparasitism of Trichoderma asperellum TC1 (al-a5) and Trichoderma asperellum TC2 (b1-b5), and inhibition
halos of Bacillus amyloliquefaciens (c1-c5) when confronted in vitro against Fusarium oxysporum, Botrytis cinerea,
Penicillium crustosum, Alternaria alternata, and Aspergillus nidulans, respectively, at 14 d post-inoculation.

Figura 1. Micoparasitismo de Trichoderma asperellum TC1 (al-aS)y Trichoderma asperellum TC2 (b1-b5), y halos de inhibicion
de Bacillus amyloliquefaciens (c1-cS5) al ser confrontado in vitro contra Fusarium oxysporum, Botrytis cinerea,
Penicillium crustosum, Alternaria alternata y Aspergillus nidulans, respectivamente, a los 14 d post-inoculacion.

fabae with both T. asperellum TC1 and TC2 isolates
with 71.6 and 69.8 %, respectively (Table 1), while
the lowest rates were observed in P. crustosum and
F. oxysporum with 52.3 and 43.3 %, respectively
(Table 1).

In vitro evaluations against A. nidulans,
inhibition halos of 2.6 and 4.5 mm were observed
with T asperellum TC1 and TC2

respectively (Table 2, Fig. 1), this may be due to the

1solates,

production of volatile compounds that inhibited the
growth of Trichoderma spp., even so, both isolates
were efficient to reduce the phytopathogenic fungi
growth at sixth day post-inoculation (Duffy et
al., 2003; Harman, 2006; Zeilinger and Omann,
2007; Vinale et al., 2008). To respect, Cooney et
al. (2001), mentioned that T. harzianum produces
the antibiotic 6-pentyl-a-pyrone, which has a dual
effect in inhibiting the growth of the pathogen
and can also regulate genes for trichotecenes
biosynthesis and micotoxines with broad spectrum
antimicrobial activity. Also, Gajera and Vakharia
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hongos fitopatogénicos evaluados, se redujo sig-
nificativamente al ser evaluado in vitro contra T.
asperellum TC1 y TC2, donde ambos hongos an-
tagonistas mostraron una eficiencia significativa al
inhibir el crecimiento de los hongos fitopatdgenos
a los 6-8 d post-evaluacion (Cuadro 1, Figura 1).
Las cajas de Petri de los testigos de ambos aislados
de T. asperellum, fueron completamente cubiertas
por el crecimiento de los hongos al tercer dia de
post-inoculacion. Mientras tanto, al sexto dia post-
inoculacion, ambos aislados TCI y TC2, entraron
en contacto con F. oxysporum, B. cinerea, P. crus-
tosum, and A. Alternata, excepto con A. nidulans.
Los valores mas altos de PICR se mostraron en B.
fabae con ambos aislados de T. asperellum TC1 y
TC2 con 71.6 y 69.8 %, respectivamente (Cuadro
1), mientras que los valores mas bajos se observaron
en P. crustosum 'y F. oxysporum con 52.3 y 43.3 %,
respectivamente (Cuadro 1).

En las evaluaciones in vitro contra A. nidulans,
se observaron halos de inhibicion de 2.6 y 4.5 mm
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(2010) reported a highest inhibition of the growth
of A. niger, caused by T. viride and T. harzianum
during a study performed in vitro. Besides having
the ability to produce wall cell degrading enzymes
such as chitinase, B-1,3 glucanase, and protease in
the culture medium during the in vitro antagonism.
On the other hand, the antagonist or their
purified antibiotics, can reduce the production of
deoxynivalenol by >80 % and antagonistic genes
are up-regulated by the presence of the pathogen
(Dufty et al., 2003). Therefore, the efficiency of
Trichoderma spp. to inhibit phytopathogens fungi
may have been due to their competition for space
and nutrients, antibiotic production (volatile and
non-volatile compounds), mycoparasitism and
inactivation of the pathogen’s enzymes (Ezziyyani
et al.,2004).

In addition, an inhibition halo was observed
in T asperellum TC2 isolate when evaluated in
vitro against P. crustosum (Table 2), this might be
due to patulin production, a secondary metabolite
produced by this phytopathogen (Leelasuphakul et
al., 2008).

The growth inhibition of the pathogenic fungi
colonies, induced by B. methylotrophicus and B.

amyloliquefaciens, was significantly different,

con los aislados de 7. asperellum TC1 y TC2, res-
pectivamente (Cuadro 2, Figura 1), esto puede de-
berse a la produccidon de compuestos volatiles que
inhibieron el crecimiento de Trichoderma spp.,
aun asi, ambos aislados fueron eficientes en redu-
cir el crecimiento de los hongos fitopatogenos al
sexto dia de post-inoculacion (Dufty ef al., 2003;
Harman, 2006; Zeilinger and Omann, 2007; Vina-
le et al., 2008). Al respecto, Cooney et al. (2001),
mencionan que 7. harzianum produce el antibidti-
co 6-pentil-a-pirone, el cual tiene un efecto dual
en la inhibicion del crecimiento del patogeno y
también puede regular los genes por la biosintesis
de tricotecenos y micotoxinas con actividad anti-
microbiana de amplio espectro. Asimismo, Gajera
and Vakharia (2010) reportaron una alta inhibicién
del crecimiento de 4. niger causada por 7. viride y
T harzianum durante un estudio realizado in vitro.
Ademas de tener la habilidad para producir enzi-
mas que degradan la pared celular tales como la
quitinasa, -1,3 glucanasa y proteasa en el medio
de cultivo durante el antagonismo in vitro. Por otra
parte, el antagonista o sus antibioticos purificados,
pueden reducir la produccion de deoxinivalenol
por debajo del 80 % y los genes antagonicos estan
regulados por la presencia del patdégeno (Duffy et

Table 2. Inhibition halo between colonies of phytopathogenic fungi and the antagonistic Bacillus species 14 d post-inoculation and
Trichoderma asperellum isolates at 6 d of incubation.
Cuadro 2. Halo de inhibicion entre las colonias de hongos fitopatégenos y las especies antagénicas de Bacillus a los 14 d post-
inoculacion y aislados de Trichoderma asperellum a los 6 d de incubacion.

Inhibition halo (mm) by antagonistic + SD

Phytopsthogensfng
B. methylotrophicus B. amyloliquefaciens T. asperellum TC1 T. asperellum TC2
Ob Oc

\Fusarium oxysporum 4.9542.2 ¢* 4.15€2.1 ¢

Botrytis cinerea 13.1542.8 a 8.45+1.3 a 0b 0c
\Penicillium crustosum 10.45+1.9 b 6.10£1.1 b 0b 2.6£1.1b
\lternaria alternata 12.4543.3 a 5.50+1.6 b 0b Oc
Uspergillus nidulans 5.85t1.5¢ 7.60+£1.0 a 2.6:£0.6 a 4.5+09 a

*Letters in the same column indicate significant differences in the treatments where the means followed by the same letter are not
significantly different (ANOVA) according to Tukey’s test (P < 0.05). SD= Standard deviation / Las letras en la misma columna,
indican diferencias significativas en los tratamientos donde las medias seguidas por la misma letra, no son significativamente
diferentes (ANVA) de acuerdo con la prueba de Tukey (P < 0.05). DE= Desviacion estandar.
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where the highest effect was observed in B.
cinerea with PRGIs of 69 and 63.5 %, respectively,
A. alternata showed PGRIs 66 and 64.1 %,
respectively; whereas the lowest growth reductions
were registered for F. oxysporum, P. crustosum,
and A. nidulans (Table 1). These results are similar
to those obtained by Madhaiyan et al. (2010) and
Zhang et al. (2012) who found a high capacity
of some strains of Bacillus of the same species
to inhibit the growth of several phytopathogens
fungi, which was due to the production of volatile
compounds and antibiotics belonging to the family
of iturins and subtilins, that act on the fungi’s cell
wall. Also, the production of hydrophilic enzymes
to break down polysaccharides, nucleic acids and
lipids, which are used as an energy source, might
have been involved.

amyloliquefaciens and B.
methylotrophicus induced an inhibition halo of the
pathogen colony at 14 d post-incubation (Table
2). Mean values per antagonist showed that B.

Bacillus

methylotrophicus had a higher antagonistic activity
than B. amyloliquefaciens, since the average
of inhibition halo was significantly, of 4.95 to
13.15 mm and 4.15 to 8.45 mm, respectively,
in the phytopathogenic fungi colonies (Table
2). The highest inhibition halos produced by B.
amyloliquefaciens and B. methylotrophicus were
observed with B. cinerea with 8.45 and 13.25 mm,
respectively, whereas the lowest rates were shown
against F. oxysporum with 4.15 and 4.95 mm,
respectively (Table 2). Bacillus methylotrophicus
showed the highest antagonistic effect against
phytopathogens that may be due to the production
of antibiotics and/or volatile organic compounds as
hydrogen cyanide which inhibit the growth of the
phytopathogenic fungi and exert harmful effects on
the in vitro growth of several phytopathogens, these
compounds can have direct or indirect effects in the
activity of specific fungal enzyme (Wheatley, 2002;
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al., 2003). Por lo tanto, la eficiencia de Trichoder-
ma spp. para inhibir hongos fitopatogenos puede
deberse a su competencia por espacio y nutrientes,
produccion de antibioticos (compuestos volatiles y
no volatiles), micoparasitismo e inactivacion de las
enzimas de los patogenos (Ezziyyani et al., 2004).

Ademas, un halo de inhibicion se observo en el
aislado 7. asperellum TC2 cuando se evalud in vi-
tro contra P. crustosum (Cuadro 2), esto puede ser
debido a la produccion de patulina, un metabolito
secundario producido por este fitopatogeno (Le-
elasuphakul et al., 2008).

La inhibicion del crecimiento de las colonias
de hongos patogénicos, inducida por B. methylo-
trophicus y B. amyloliquefaciens, fue significativa-
mente diferente, donde el mayor efecto se observo
en B. cinerea con PICRs de 69 y 63.5 %, respecti-
vamente, 4. alternata mostrd PICRs de 66 y 64.1 %,
respectivamente; donde las menores reducciones
del crecimiento se registraron para F. oxysporum,
P. crustosum y A. nidulans (Cuadro 1). Estos re-
sultados son similares a los obtenidos por Mad-
haiyan et al. (2010) y Zhang et al. (2012) quienes
encontraron una alta capacidad de algunas cepas de
Bacillus de las mismas especies para inhibir el cre-
cimiento de diversos hongos fitopatogenos, lo cual
es debido a la produccidon de compuestos volatiles
y antibidticos pertenecientes a la familia de las itu-
rinas y subtilinas, que actuan en la pared celular
de los hongos. También, la produccion de enzimas
hidrofilicas para destriuir los polisacaridos, acidos
nucléicos y lipidos, los cuales son usados como
fuente de energia y que podrian estar involucrados.

Bacillus amyloliquefaciens y B. methylotrophi-
cus indujeron un halo de inhibicion de la colonia
del patégeno a los 14 d post-incubacion (Cuadro
2). Las medias por antagonista, mostraron que 5.
methylotrophicus tuvo mayor actividad antagonica
que B. amyloliquefaciens, ya que el promedio de
los halos de inhibicion fue significativo, de 4.95 a
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Dufty et al., 2003; Correa et al., 2009; Zhang et al.,
2012), as also reported by Madhaiyan et al. (2010)
and Zhang et al. (2012), who found that strains of B.
methylotrophicus have a high antagonistic activity
against a wide diversity of phytopathogens fungi.
According to Guillén-Cruz et al. (2006), B.
amyloliquefaciens was the most efficient against
Phytophthora spp. when evaluated in vitro, in
addition to having an antagonistic effect and
induce plant growth. To respect, Souto et al.
(2004) mentioned that B. amyloliquefaciens strain
added peptides and lipopeptides to the culture
medium, such as fungicine, iturin, bacillomicine,
among others, having antifungal properties when
confronted in vitro against phytopathogenic fungi
such as Fusarium, Rhizoctonia, and Sclerotinia.
Both  antagonistic fungi,
significantly inhibited the in vitro growth of F

bacteria and

oxysporum, B. cinerea, P. crustosum, A. alternata,
and A. nidulans, where B. methylotrophicus and
T. asperellum TC1, were the most efficient, which
suggests the presence of bioactive compounds.
Therefore, can be considered as viable biological
control agents. So it is important to conduct more
studies to identify those bioactive compounds and
how they suppress the growth of the pathogens.
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