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Resumen. El oomiceto Phytophthora capsici
es un patogeno de importancia econdmica en los
cultivos de tomate (Solanum lycopersicum L.) y
chile (Capsicum annuum L.). El objetivo de este
trabajo fue evaluar el efecto de inhibicion germi-
nativa y biocontrol de dos aislados del género Ba-
cillus sobre zoosporas de P. capsici. Los aislados
fueron identificados como Bacillus amyloliquefa-
ciens 'y B. thuringiensis. En las pruebas in vitro
de la germinacion de zoosporas de P. capsici, los
porcentajes de inhibicion con suspension celular
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Abstract. The oomycete Phytophthora capsici
is a pathogen of economic importance in tomato
(Solanum lycopersicum L.) and chili (Capsicum
annuum L.) crops. The objective of this work was
to evaluate the effect of germinative inhibition and
biocontrol of two isolates of the genus Bacillus on
zoospores of P. capsici. The isolates were identified
as Bacillus amyloliquefaciens and B. thuringiensis.
In the in vitro tests of the germination of zoospores
of P capsici, the percentages of inhibition with
cell suspension of B. amyloliquefaciens and B.
thuringiensis were significant with 88.15 and
97.05% respectively, while, the filtrates showed
24.30% of inhibition. In the in vivo study, tomato
seedlings treated with cell suspension of B.
amyloliquefaciens and B. thuringiensis, showed
lower severity of the disease caused by P. capsici
with 22.22 and 27.78% respectively, compared to
that observed in chili seedlings where values of 61%
were obtained. Thetomato and chili seedlings treated
with bacterial filtrates showed up to 94% severity.
With cell suspension of B. amyloliquefaciens and
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de B. amyloliquefaciens y B. thuringiensis fueron
significativos con 88.15 y 97.05% respectivamen-
te, mientras que, los filtrados mostraron el 24.30%
de inhibicion. En el estudio in vivo, las plantulas
de tomate tratadas con suspension celular de B.
amyloliquefaciens y B. thuringiensis, mostraron
menor severidad de la enfermedad ocasionada por
P, capsici con 22.22 y 27.78% respectivamente,
respecto a lo observado en plantulas de chile donde
se obtuvo valores de 61%. Las plantulas de tomate
y chile tratadas con filtrados bacterianos, mostraron
hasta 94% de severidad. Con suspension celular de
B. amyloliquefaciens y B. thuringiensis la eficacia
de biocontrol fue 72 y 77% respectivamente, lo
cual muestra que estos microorganismos pueden
ser usados como agentes de biocontrol de P. capsici
en plantas de tomate y chile.

Palabras clave: Bacillus amyloliquefaciens, Baci-
llus thuringiensis, fitopatdgenos, oomiceto.

Los cultivos de tomate (Solanum lycopersicum
L.) y chile (Capsicum annuum L.) son de impor-
tancia econémica por su consumo en la dieta hu-
mana. México se posiciona en el décimo lugar en
produccion de tomate con 2,649,358 t y segundo
lugar en chile, con una produccion de 2,294,400 t
(SIAP 2016). Sin embargo, la produccion de ambos
cultivos es afectada por enfermedades ocasionadas
por diferentes patdogenos; entre €stos, destaca el
oomiceto Phytophthora capsici Leonian, el cual es
un microorganismo fitopatdgeno que causa serios
dafios econdémicos en la agricultura en todo el mun-
do (Chen et al., 2016a). P. capsici ocasiona “dam-
ping-off”, pudricion de raiz, dafio en tallo, hoja o
pudricion de frutos en mas de 50 especies de plan-
tas hospedantes (Erwin y Riveiro, 1996; Khan
et al.,2011). Se ha reportado que este patdgeno
causa considerables pérdidas de rendimiento en
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B. thuringiensis the efficiency of biocontrol was
72 and 77% respectively, which show that these
microorganisms can be used as biocontrol agents
of P. capsici in tomato and chili plants.

Key words: Bacillus amyloliquefaciens, Bacillus
thuringiensis, phytopathogens, oomycete.

Tomato (Solanum lycopersicum L.) and
chili (Capsicum annuum L.) are economically
important crops because of their high consumption
in the human diet. Mexico ranks tenth in tomato
production with 2,649,358 t and second in chili
production with 2,294,400 t (SIAP 2016). However,
the production of both crops is affected by diseases
caused by different pathogens, the most important
being the Phytophthora
Leonian, which causes serious economic damage
to agriculture worldwide (Chen et al., 2016a).

oomycete capsici

Phytophthora capsici causes ‘“damping-oft”, root
rot, stem and leaf damage or fruit rot in more than
50 host plant species (Erwin and Riveiro, 1996;
Khan et al., 2011). The pathogen has been reported
to cause considerable yield losses (15 to 45%), and
even total chili, tomato and eggplant crop losses
(Gonzélez et al., 2009; Wang et al., 2011). The high
soil moisture levels and warm weather that prevail
in tomato and chili farms favor the spread and
survival of P. capsici (Erwin and Riveiro, 1996).
Several strategies have been used to manage and
control the pathogen, including cultural practices,
resistant varieties (Yang et al., 2015; Goémez-
Rodriguez et al., 2017), fungicide applications
(Lamour et al., 2012) and water management
(Sanogo y Ji, 2013), but none of them individually
have completely controlled the pathogen
(Hausbeck and Lamour, 2004). Although several
specific fungicides have quickly and effectively
reduced disease severity, their indiscriminate use
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la produccion en un rango del 15 al 45% e incluso
pérdida total de los cultivos de chile, tomate y be-
renjena (Gonzalez et al., 2009; Wang et al., 2011).
La alta humedad en el suelo y clima calido que pre-
valece dentro de las plantaciones de tomate y chi-
le, favorecen la dispersion y la sobrevivencia de P.
capsici (Erwin y Riveiro, 1996).

En el manejo y control de este patdgeno se han
utilizado varias estrategias, incluyendo practicas
culturales, utilizacion de variedades resistentes
(Yang et al., 2015; Gomez-Rodriguez et al., 2017),
aplicacion de fungicidas (Lamour et al., 2012) y
manejo del agua (Sanogo y Ji, 2013), pero ninguna
de estas practicas de manera individual ha logra-
do controlar al patégeno por completo (Hausbeck
y Lamour, 2004). Aunque algunos fungicidas es-
pecificos han logrado reducir la severidad de la
enfermedad en forma rapida y efectiva, su uso in-
discriminado ha ocasionado la aparicion de cepas
resistentes y contaminacion al ambiente (Qi et al.,
2012). Por lo anteriormente sefialado, en la actua-
lidad para el manejo de Phytophthora se han con-
siderado nuevas alternativas, basadas en el control
bioldgico, estrategia importante en el manejo de
fitopatogenos que habitan en el suelo, ya que redu-
cen la aplicacion de agroquimicos (Nguyen et al.,
2012; Rios-Velasco et al., 2016).

Distintos microorganismos han sido reportados
por suprimir el crecimiento de P. capsici, incluyen-
do Streptomyces spp. (Ko et al., 2010; Nguyen et
al., 2012), Paenibacillus spp. (Naing et al., 2014),
Trichoderma sp. (Segarra et al., 2013), Clitocybe
nuda (Chen et al., 2012) Aspergillus sp. (Kang y
Kim, 2004) y Bacillus spp. (Zhang et al., 2010).
El género Bacillus ha sido mas estudiado dentro
del control biolégico y las especies de este géne-
ro se consideran candidatos ideales para el control
de enfermedades, debido a su potencial antago-
nica (Zhao et al., 2013; Torres et al., 2016). Los
mecanismos de control incluyen la produccion de
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has led to the emergence of resistant isolates and
environmental pollution (Qi et al., 2012). For this
reason, new alternatives based on biological control
are being considered for managing Phytophthora,
an important strategy in soil-borne phytopathogen
management, since they reduce the application of
agrochemicals (Nguyen ef al., 2012; Rios-Velasco
et al.,2016).

Different
reported to suppress P. capsici growth, including

microorganisms  have  been

Streptomyces spp. (Ko et al., 2010; Nguyen et al.,
2012), Paenibacillus spp. (Naing et al., 2014),
Trichoderma sp. (Segarra et al., 2013), Clitocybe
nuda (Chen et al., 2012) Aspergillus sp. (Kang and
Kim, 2004) and Bacillus spp. (Zhang et al., 2010).
The Bacillus genus has been studied more as part
of biological control, and species of this genus are
considered ideal candidates for controlling diseases
due to their antagonistic potential (Zhao et al., 2013;
Torres et al., 2016). Control mechanisms include
the production of antibiotic and lithic enzymes,
physical and chemical interference, competition,
host resistance induction, hyperparasitism and
predation (Pal and Gardener, 2006).

The objectives of the present study were to
determine how Bacillus spp. affects germinative
inhibition by using cells and bacterial filtrates in
vitro on P. capsici zoospores and they can be used
as biocontrol, in tomato and chili plants, as well as
to identify those microorganisms.

MATERIALS AND METHODS
Biological material

The microorganisms used in this study were two
antagonistic bacterial isolates of the Bacillus genus

coded as B17 and B32, and a Phytophthora capsici
isolate from the isolate pool at the Phytopathology
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antibidticos y enzimas liticas, interferencia fisica
0 quimica, competencia, induccion de resistencia
al hospedero, hiperparasitismo y predacion (Pal y
Gardener, 20006).

Los objetivos de este trabajo fueron, determinar
el efecto de inhibicion germinativa de Bacillus spp.
mediante el uso de células y filtrados bacterianos
sobre zoosporas de P. capsici a nivel in vitro, y su
biocontrol en plantas de tomate y chile; asi como la
identificacion de estos microorganismos.

MATERIALES Y METODOS
Material biologico

Los microorganismos utilizados en este estu-
dio fueron, dos aislados bacterianos antagonicos
del género Bacillus codificados como B17 y B32
y la cepa Phytophthora capsici pertenecientes al
cepario del Laboratorio de Fitopatologia del Cen-
tro de Investigacion en Alimentacion y Desarrollo,
Unidad Culiacan. Las bacterias fueron aisladas de
la rizésfera de campos agricolas con cultivos de
tomate y chile en distintas localidades geograficas
de Sinaloa, se activaron en agar nutritivo (AN), se
incubaron a 27 °C durante cinco dias y se preser-
varon en buffer de fosfato a 4 °C hasta su uso. El
patogeno Phytophthora capsici, se activd en medio
de cultivo V8 (10% de jugo V8, 0.02% CaCO, y
1.5% agar) y se incub6 a 27 °C hasta su uso (Chen
et al.,2016b).

Identificacion morfologica y molecular
Para confirmar que los aislados bacterianos en
estudio pertenecieran al género Bacillus, se identi-

ficaron mediante morfologia de las colonias, célula,
tincion Gram y tincion de flagelos (Castillo et al.,
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Laboratory of the Centro de Investigaciéon en
Alimentacion y Desarrollo, Unidad Culiacan.
Bacteria were isolated from the rhizosphere of
tomato and chili crops at different geographical
locations in Sinaloa, activated in nutrient agar (NA),
incubated at 27°C for five days and preserved in a
phosphate buffer at 4°C until they were used. The
Phytophthora capsici pathogen was activated in
V8 culture medium (10% V8 juice, 0.02% CaCO,
and 1.5% agar) and incubated at 27°C until it was
used (Chen et al., 2016b).

Morphological and molecular identification

To confirm that the bacterial isolates belonged
to the Bacillus genus, they were identified through
colony morphology, cell, and Gram and flagella
stains (Castillo et al., 2004), as well as molecular
techniques in the Phytopathology Laboratory of
CIAD Unidad Culiacan and Laboratorio Nacional
de Gendmica para la Biodiversidad (LANGEBIO)
at CINVESTAV’s campus in Irapuato, Guanajuato,
Mexico.

A purified colony with around 48-72 h of
growth was used to identify the bacterial isolates.
DNA extraction was carried out following the
methodology of Heddi er al. (1999). Later, the
16S gene from DNAr was amplified using the
polymerase chain reaction (PCR) technique and
FD2 (5’-AGAGTTTGATCATGGCTCAG-3”)
and RP1 (5’-TACCTTGTTACGACTTCACC-3’)
universal primers that amplify a 1500 pb fragment.
The amplification was performed in a Thermocycler
100 Thermal Cycler™ (Singapore). The time and
temperature conditions were as follows: first, the
enzyme was activated at 95 °C for 5 min, a second
step consisted of 30 cycles including denaturation
at 94°C for 1 min, an alignment step at 56°C for 1
min, an extension step at 72°C for 1 min and, when
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2004); adicionalmente, se identificaron mediante
técnicas moleculares en el Laboratorio de Fitopa-
tologia CIAD Unidad Culiacan y en el Laborato-
rio Nacional de Genémica para la Biodiversidad
(LANGEBIO) del CINVESTAYV, Campus Irapuato,
Gto., México.

Para identificar los aislados bacterianos se tomo
una colonia purificada con alrededor de 48-72 h de
crecimiento. La extraccion de ADN, se realizod de
acuerdo con la metodologia de Heddi ef al. (1999);
subsecuentemente se realizé la amplificacion de
gen 16S del ADNr mediante la Reaccion en Cadena
de la Polimerasa (PCR), utilizando los iniciadores
universales FD2 (5’-AGAGTTTGATCATGGCT-
CAG-3’) y RP1 (5-TACCTTGTTACGACTT-
CACC-3’), los cuales amplifican un fragmento de
1500 pb; la amplificacion se realizd en un termo-
ciclador T100 ™ Thermal Cycler (Singapore). Las
condiciones de tiempo y temperatura incluyeron:
un paso inicial de activacion de la enzima a 95°C
por 5 min, un segundo paso que comprendid 30 ci-
clos incluyendo una desnaturalizacion a 94°C por 1
min, un paso de alineamiento a 56°C por 1 min, un
paso de extension a 72°C por 1 min y cuando los
ciclos se completaron, una extension final a 72°C
por 10 min (McLaughlin ef al., 2012).

Los fragmentos obtenidos de la PCR se analiza-
ron mediante una electroforesis en gel de agarosa al
1% en una camara Powerpac™ Basic (BIO-RAD).
Una vez detectado el fragmento esperado corres-
pondiente a la region 168, se purifico, se secuencid
y se compard su secuencia nucleotidica con se-
cuencias disponibles en la base de datos del NCBI
(Altschul et al., 1990); por ultimo, las secuencias
obtenidas fueron depositadas en el banco de genes
del NCBI.
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the cycles ended, a final extension step at 72°C for
10 min (McLaughlin et al., 2012).

The PCR amplified fragments were analyzed
using 1% agarose gel -electrophoresis in a
Powerpac™ Basic chamber (BIO-RAD). Once
detected, the expected fragment from the 16S region
was purified and sequenced, and its nucleotidic
sequence was compared to the sequences stored in
the NCBI database (Altschul ef al., 1990). Finally,
the obtained sequences were deposited in the NCBI
gene bank.

Inhibiting germination of P. capsici zoospores
using a suspension of Bacillus spp. cells

The germination inhibition bioassay was
conducted on concave slides. To induce P. capsici to
produce sporangia, S-mm agar disks with mycelium
of the pathogen that had been growing for 5 days
were taken and placed on Petri dishes to which 10
mL of distilled water were added, and incubated at
25-27°C for 48 h. To release the zoospores from the
sporangia, the Petri dishes were incubated at 4°C for
30 min (Ko ef al., 2010) and a concentration of 20
zoospores/uL. was obtained. Each slide concavity
was filled with 20 pL of the zoospore suspension
to which 20 puL of bacterial cell suspension of
B17 and B32 isolates at a concentration of 1 x 108
colony forming units (CFU) 1:1 v/v were added,
covered with a slide to prevent evaporation and
incubated at 25-27°C for 24 h (Ko et al., 2010).
The zoospores that were not inoculated with the
bacterial cell suspension were used as a control.
To obtain the percentage of zoospore germination
inhibition in the bioassays where cell suspension
and bacterial filtrates were used, 100 zoospores
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Inhibicién germinativa de zoosporas de P. capsi-
ci mediante el uso de suspension celular de Ba-
cillus spp.

El bioensayo de inhibicién germinativa se lle-
vé a cabo en portaobjetos concavos. Para inducir la
formacion de esporangios de P. capsici, se tomaron
discos de 5 mm de agar con micelio del patogeno
con 5 dias de crecimiento, éstos se colocaron en
cajas Petri con 10 mL de agua destilada e incubada
a25-27°C por 48 h. Para la liberacion de zoosporas
del esporangio, las cajas Petri se incubaron a 4°C
por 30 min (Ko et al., 2010), logrando una con-
centracion de 20 zoosporas/ul. Se colocaron 20
uL de suspension de zoosporas en cada concavidad
del portaobjeto, se anadio 20 pL de suspension ce-
lular bacteriana de los aislados B17 y B32 a una
concentracion de 1 x 108 UFC 1:1 v/v, se cubrid
con un cubreobjetos para prevenir la evaporacion,
y se incubo por 24 h a 25-27°C (Ko et al., 2010).
Las zoosporas que no fueron inoculadas con la
suspension celular bacteriana se utilizaron como
testigo. El porcentaje de inhibicion germinativa
de zoosporas, para los bioensayos con suspension
celular y filtrados bacterianos, se registrd al con-
tabilizar la germinacion de 100 zoosporas en cada
concavidad con la ayuda de un microscopio optico
(Carl Zeiss AXIO Imager.A2), con camara integra-
da (AxioCam ERc5s) con los objetivos 10x y 40x.
Cada tratamiento contd con siete repeticiones y el
experimento se realizo por duplicado.

Inhibicién germinativa de zoosporas mediante
el uso de filtrado bacteriano

El filtrado bacteriano se obtuvo al colocar en un
matraz Erlenmeyer, 50 mL de caldo nutritivo con
200 uL de una suspension de esporas de los aisla-
dos bacterianos B17 y B32 con una concentracién
de 1 x 10¥UFC. Los matraces se incubaron a 30°C
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from each concavity were counted using an optical
microscope (Carl Zeiss AXIO Imager.A2) with
an integrated camera (AxioCam ERc5s) and 10x
and 40x objectives. Each treatment had seven
replications and the experiment was conducted in
duplicate.

Inhibition of zoospore germination using
bacterial filtrates

The bacterial filtrate was made by placing in an
Erlenmeyer flask 50 mL of nutrient broth and 200
puL of spore suspension of the B17 and B32 bacterial
isolates at a concentration of 1 x 103UFC. The flasks
were incubated at 30°C in an orbital shaker (140
rpm) for 6 days. The cultures were filtered using
0.22 um Millipore® filters to remove bacterial cells
(Chen et al., 2016b). To inhibit germination, 20
uL of the zoospore suspension (20 zoospores/uL),
mixed with 20 pL of bacterial filtrate (1:1 v/v),
were placed in the slide cavity, covered with a slide
to prevent evaporation and then incubated at 25-
27°C for 24 h (Ko et al., 2010). Zoospores without
bacterial filtrate were used as a control.

Antagonism of Bacillus spp. against P. capsici in
vivo using cell suspension and bacterial filtrates
in tomato and chili plants

For the present study we used Malinche hybrid
tomato seedlings and SV3198HJL hybrid chili
seedlings 3 three weeks after germination. The P
capsici pathogen was inoculated directly into the
root of both crops using 1 mL of the zoospore
suspension (1 x 10*%/mL) on both crops, followed
by inoculation with 10 mL of the bacterial cell
suspension (1 x 103/mL) or their filtrates. All the
treatments were applied under the same conditions.

The level of disease severity or damage was
measured based on a scale for root neck rot

220



FuLLy BILINGUAL

REVISTA MEXICANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

en un agitador orbital (140 rpm) por 6 dias. Los
cultivos se filtraron utilizando filtros Millipore® de
0.22 um para eliminar las células bacterianas (Chen
et al., 2016b). Para la inhibicion de la germinacion,
se colocaron 20 pL de suspension de zoosporas (20
zoosporas/puL) en la cavidad del portaobjeto, mez-
clado con 20 pL del filtrado bacteriano (1:1 v/v), se
cubrieron con cubreobjetos para prevenir la evapo-
racion y se incubaron por 24 h a 25-27 °C (Ko et
al., 2010). Las zoosporas sin filtrado bacteriano se
utilizaron como testigo.

Antagonismo de Bacillus spp. sobre P. capsici in
vivo, con el uso de suspension celular y filtrados
bacterianos en plantas de tomate y chile.

Las plantulas que se utilizaron para este estudio
fueron, de tomate hibrido Malinche y de chile hi-
brido SV3198HJ con 3 semanas de desarrollo des-
pués de la germinacion. La inoculacion del patoge-
no P. capsici fue directa a la raiz, se colocd 1 mL de
suspension de zoosporas (1 x 10°/mL) para ambos
cultivos, en seguida fueron inoculadas con 10 mL
de suspension de células bacterianas (1 x 103/mL)
o sus filtrados, las condiciones fueron las mismas
para todos los tratamientos.

La severidad del dano o enfermedad se midio
de acuerdo a una escala de sintomas de pudri-
cion del cuello de raiz propuesta por Segarra et
al. (2013) con la modificacion de: 0 indica plan-
ta sin sintomas, 1 = sintomas de danos < 10 mm,
2 =10 a 19 mm de pudricién, 3 = 20 a 30 mm
de pudricién y 4 = > de 30 mm de pudricion. El

porcentaje de la severidad del dafio se calculdé me-

. GDxNP
diante la formula: %SD = Z[EM);TP}XIOO donde:
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symptoms that was proposed by Segarra et al.
(2013) and modified as follows: 0 = symptomless
plants, 1 = damage symptoms < 10 mm, 2 = 10-
19 mm rotted, 3 = 20-30 mm rotted, and 4 = > 30
mm rotted. The percentage of damage severity

was calculated using the following formula:

GDxNP
%SD = Z[WiTP} x100 where % DS= percentage

of damage severity; GD= level of damage; NP=
number of damaged plants; EM= maximum level
of damage on the severity scale; and TP= number
of plants included in the treatment (Shanmugam
and Kanoujia, 2011; Li et al., 2012). The control

effectiveness was calculated using the following
100 — SD del tratamiento
SD del control
% EC = percentage of the control effectiveness;

treatment SD = average damage severity per
treatment; control SD = average damage severity
on the control (Li et al., 2012). The_experiment
included three replications per treatment and was
conducted in duplicate in the glasshouse. We used
a pot with three seedlings as the experiment unit.
This study was conducted on two different dates,
and the analyzed data were reported as evaluation

formula: %EC — x100 where

averages.
Statistical analyses

A completely randomized design was used in
both bioassays, in vitro and in vivo and the data
obtained were analyzed using a variance analysis
(ANOVA) and the Minitab 17 statistical program.
We used Tukey’s test (p<0.05) to compare the
means.
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%SD= porcentaje de severidad de dafo, GD= gra-

do de dafio, NP= numero de plantas dafiadas, EM=
grado de dafio méaximo de la escala de severidad
y TP= niimero de plantas del tratamiento (Shan-
mugam y Kanoujia, 2011; Li et al., 2012) y la efi-

cacia de control se calculd utilizando la formula:
100 — SD del tratamiento
SD del control
porcentaje de eficacia de control, SD del tratamien-

%EC — x100 donde % EC =

to = media de severidad de dafo por tratamiento,
SD del control = media de severidad de dafio del
control (Li et al., 2012); el experimento consistio
en tres repeticiones por tratamiento bajo invernade-
ro por duplicado. La unidad experimental fue una
maceta con tres plantulas. Este estudio se realiz6 en
dos fechas diferentes, los datos analizados se repor-
taron como promedios de las evaluaciones.

Analisis estadisticos

Para ambos bioensayos in vitro e in vivo se utilizd
un disefio completamente al azar, y los datos obte-
nidos fueron analizados mediante un analisis de va-
rianza (ANDEVA) con en el programa estadistico
Minitab 17; asi mismo, la comparacién de medias
mediante la prueba de Tukey (p<0.05).

RESULTADOS

Identificacion morfologica

Las colonias bacterianas de B17 y B32, mostra-
ron caracteristicas similares en cuanto a su forma y
color. Las colonias del aislado B17 presentan una
elevacion en el centro (acuminada) con una consis-
tencia cremosa y mucoide a diferencia del aislado
B32, las cuales se observan planas y de consisten-
cia seca y grumosa.
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RESULTS

Morphological identification

The bacterial colonies of B17 and B32 were
similar in shape and color. The colonies of the B17
isolate showed a mound of creamy and mucoid
consistency (acuminate) in the middle compared to
those of the B32 isolate, which were flat and of dry
and lumpy consistency.

Both isolates were Gram positive and developed
peritrichous flagella. Cells of the B17 isolate were
between 2.0 and 3.2 um long., while the cells of
the B32 isolate were between 3.0 and 4.5 um long.
The latter also developed parasporal crystals (Cry
protein), which are similar to the most important
features of the bacteria of the Bacillus genus, which
are bacillar in shape, 0.5-2.5 and 1.2-10 pm in cell
size, Gram positive to stain and move through
flagella inserted peritrichously.

Molecular identification

The PCR sequences of the B17 and B32
isolates were 99% to 100% identical to Bacillus
amyloliquefaciens and Bacillus thuringiensis,
respectively, when compared to the sequences
already reported in the Gen Bank database (NCBI).
The sequences were included in the database
with Access number KX953161.1 for B17 and

KX953162.1 for B32.

Inhibition of P capsici zoospore germination
using a Bacillus spp. cell suspension

The results show that both bacteria inhibit

zoospore germination and deform the germinative
tube after 24 h (Figures 1 and 2). In the control
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Ambos aislados resultaron Gram positivos y fla-
gelos peritricos. Las medidas celulares del aislado
B17 oscilaron entre 2.0 a 3.2 um de longitud; a su
vez, el tamanio celular del aislado B32 fue de 3.0 a
4.5 um; ademas, en este aislado se observo la pre-
sencia de cristales parasporales (proteina Cry), co-
incidiendo con las caracteristicas mas importantes
de las bacterias pertenecientes al género Bacillus,
las cuales son de forma bacillar, movilidad por fla-
gelos insertados en forma peritrica, tamafio celular
de 0.5-2.5y 1.2-10 pm y tincién Gram positivas.

Identificacion molecular

Las secuencias obtenidas mediante la técni-
ca molecular de PCR de los aislados B17 y B32,
mostraron una identidad del 99 al 100% con Ba-
cillus amyloliquefaciens y Bacillus thuringiensis
respectivamente al ser comparadas con secuencias
ya reportadas en la base de datos del Gen Bank
(NCBI); las secuencias fueron depositadas en la
base de datos donde se les asigné el No. de acceso
KX953161.1 para la cepa B17 y KX953162.1 para
B32.

Inhibicién germinativa de zoosporas de P. capsi-
ci mediante el uso de suspension celular de Ba-
cillus spp.

Los resultados muestran que ambas bacterias
inhiben la germinaciéon de zoosporas; asi como,
deformacion en el tubo germinativo después de 24
h (Figuras 1 y 2). En los tratamientos testigo, las
zoosporas a las 24 h después de ser liberadas del
esporangio presentaron un 100% de germinacion.
La cepa de B. amyloliquefaciens causé 88.15% de
inhibiciéon germinativa; mientras que, la cepa B.
thuringiensis fue mas efectiva al causar un 97.05%
de inhibicién (Cuadro 1).
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treatments, 24 h after being released from the
sporangium, zoospores showed 100% germination.
The B. amyloliquefaciens isolate caused 88.15%
germinative inhibition, but the B. thuringiensis
isolate was more effective and caused 97.05%
inhibition (Table 1).

Inhibition of P capsici zoospore germination
using Bacillus spp. filtrates

Bacillus amyloliquefaciens bacterial filtrates
inhibited 24.3% of P. capsici zoospore germination
in vitro, while B. thuringiensis filtrates produced
49.35% inhibition. The control showed 100%
germination (Table 1).

Severity of damage caused by P. capsici using
cell suspension and bacterial filtrates in tomato
and chili plants.

The results indicate that in plants treated with
a B. thuringiensis cell suspension, the disease
incidence was 38.89% in chili and 22.22% in
tomato plants, while in plants treated with a B.
amilolyquefaciens cell suspension, the incidence
was 61.11% in chili and 27.78% in tomato. When
the plants were inoculated with filtrates of B.
amilolyquefaciens and B. thuringiensis, the level
of severity of neck rot symptoms was greater than
90% and 70% in chili plants and 60% and 40% in
tomato plants, respectively (Table 2).

Biological effectiveness of Bacillus spp. on
P. capsici using cell suspension and bacterial
filtrates in tomato and chili plants.

The obtained results show that in chili and
tomato plants inoculated with a cell suspension of
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Figura 1.

Figure 1.

Figura 2.

Figure 2.

Efecto de la suspension celular o filtrado de B. amyloliquefaciens y B. thuringiensis en la inhibicion germinativa
de zoosporas de (P. capsici) 24 h post-inoculacion. (A) germinaciéon de zoosporas sin tratamiento utilizado como
control. (B) inhibicion germinativa con tratamiento. Las fotografias fueron tomadas bajo microscopio con objetivo
(10x) en campo oscuro.

Effect of the cell suspension and filtrates of B. amyloliquefaciens and B. thuringiensis on P. capsici zoospores ger-
mination inhibition 24 h after inoculation. (A) zoospores germination without the treatment used as a control. (B)
germination inhibition with the treatment. The photographs were taken under a darkfield microscope with objec-
tive (10x).

La morfologia de la zoospora de P. capsici germinada con y sin tratamiento bacteriano (suspension celular o filtra-
dos) de B. amyloliquefaciens 'y B. thuringiensis. (A) Zoospora germinada sin inoculacion. (B y C) tubo germinativo
anormal y zoosporas sin geminacion y (D) las paredes de la zoospora de P. capsici se lisaron cuando fueron tratadas
con suspension celular de B. amyloliquefaciens y B. thuringiensis. Las fotografias fueron tomadas bajo microscopio
con objetivo (40x) en campo claro.

Morphology of a P. capsici germinated zoospore with and without B. amyloliquefaciens and B. thuringiensis bacte-
rial treatment (cell suspension or filtrates). (A) Germinated zoospore without inoculation. (B y C) Unusual ger-
minative tube and non-germinated zoospores, and (D) P. capsici zoospore cells became bare when treated with B.
amyloliquefaciens and B. thuringiensis cell suspension. The photographs were taken under a bright-field micro-
scope with objective (40x).
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Inhibicién germinativa de zoosporas de P. cap-
sici mediante el uso de filtrado de Bacillus spp.

Los filtrados bacterianos de B. amyloliquefa-
ciens inhibieron la germinacion de zoosporas de
P, capsici a nivel in vitro 24.3%; mientras que con
los filtrados de B. thuringiensis se obtuvo 49.35%
de inhibicion. En el testigo se observo el 100% de
germinacion (Cuadro 1).

Severidad de dafio causada por P. capsici con el
uso de suspension celular y filtrados bacterianos
en plantas de tomate y chile.

Los resultados indican que las plantas tratadas
con suspension celular de B. thuringiensis, pre-
sentan una incidencia de la enfermedad en ambos
cultivos de 38.89% en plantas de chile y 22.22%
en tomate; mientras que, las plantas tratadas con
suspension celular de B. amilolyquefaciens, se ob-
serva 61.11% de incidencia de la enfermedad en
plantas de chile y 27.78% en tomate. Cuando las
plantas fueron inoculadas con filtrados de B. amilo-
lyquefaciens y B. thuringiensis, la severidad de los
sintomas de la pudricion del cuello fue mayor 90 y
70% en plantas de chile y 60 y 40% en plantas de
tomate respectivamente (Cuadro 2).

Eficacia biolégica de Bacillus spp. sobre P. cap-
sici, con el uso de suspension celular y filtrados
bacterianos en plantas de tomate y chile.

En los resultado obtenidos se observa que en
las plantas que fueron inoculadas con suspension
celular de B. thuringiensis, se obtuvo una eficacia
de biocontrol mayor al 60 y 77% en plantas de chi-
le y tomate respectivamente; mientras que, en las
plantas de chile y tomate tratadas con filtrados bac-
terianos se observo una eficacia menor al 28 y 56%
respectivamente (Cuadro 3). La suspension celular
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Cuadro 1. Inhibicién de germinacion de las zoosporas (P.
capsici) mediante el uso de suspension celular
y filtrados de B. amyloliquefaciens y B. thurin-

giensis, 24 h después de la inoculacién.
Table 1. Inhibition of (P capsici) zoospores germination
using B. amyloliquefaciens and B. thuringiensis
cell suspension and filtrates 24 h after inoculation.

% de inhibicion de la

Tratamientos germinacion* + DE
Suspension Cel. Filtrados
Control (Agua) 0.00 a¥ 0.00 a

24.30+6.280 b
49.35+5.031 ¢

B. amyloliquefaciens 88.15£2.519 b

B. thuringiensis 97.05+1.191 ¢

*Las medias con letras distintas son significativamente diferen-
tes (ANDEVA), de acuerdo a la prueba de Tukey (P < 0.05) /
*Means with different letters are significantly different (ANO-
VA), according to Tukey’s test (P < 0.05).

YInhibicién germinativa = (Numero de zoosporas germinadas/
Total de zoosporas) x 100 (Chen et al., 2016b). DE = Des-
viacion estandar / YGermination inhibition = (Number of ger-
minated zoospores/Total of zoospores) x 100 (Chen et al.,
2016b). SD= Standard deviation.

B. thuringiensis, the efficacy of the biocontrol was
higher than 60 and 77%, respectively, while in the
plants treated with bacterial filtrates, the efficacy
was lower than 28 and 56%, respectively (Table
3). The biocontrol efficacy of the cell suspension
of B. amyloliquefaciens in chili was only 38.89%,
while in tomato it was significantly higher, more
than 72%. However, the biocontrol efficacy of its
bacterial filtrates was lower than 6 and 38% in chili
and tomato plants, respectively (Table 3, Figure 3).

DISCUSSION

The disease caused by P capsici is very
important
important crops such as tomato and chili (Agrios,
2005; Hansen et al., 2012). Considering this
situation, and because chemical control and most

because it affects economically

crop management practices are not efficient tools to
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Cuadro 3. Eficacia biologica de la suspension celular y filtrados de B.
amyloliquefaciens y B. thuringiensis sobre P. capsici en plantu-
las de chile y tomate.

Table 3. Biological effectiveness of the suspension and filtrates of B. amy-

loliquefaciens and B. thuringiensis on P. capsici in chili and to-
mato seedlings.

1 10l6o1 0/ )X
Tratamiento Eficacia biologica (%)* +DE

Chile Tomate
P. capsici 0cY 0d
S. Cel. B. amyloliquefaciens-P. capsici 38.894+3.61 b 72.2542.20 a
S. Cel. B. thuringiensis-P. capsici 61.11£5.03 a 77.78+0.00 a
Filtrado B. amyloliquefaciens-P. capsici 5.56+7.78 ¢ 38.89+3.61 ¢
Filtrado B. thuringiensis-P. capsici 27.78+3.38 b 55.56+0.00 b

*Las medias que no comparten una letra son significativamente diferentes
(ANDEVA), de acuerdo a la prueba de Tukey (P<0.05) / *Means that do not
share a letter are significantly different (ANOVA), according to Tukey’s test
(P<0.05).

YEficacia de control = (100 - media de severidad de dafio por tratamiento)/(me-
dia de severidad de dafio del control) x 100 (Li et al., 2012). DE = Desviacion
estandar / YEffectivenes of the control = (100 - average severity of damage
per treatment)/(average severity of damage from the control) x 100 (Li et al.,
2012). SD= Standard deviation.

de B. amyloliquefaciens mostré una eficacia de
biocontrol en plantas de chile tan solo de 38.89%;
mientras que, en tomate fue significante con mas
del 72%; sin embargo, la eficacia de biocontrol de
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reduce the damage caused by P. capsici in tomato

and chili seedlings, the use of biocontrol organisms

could be a promising alternative (Bae et al., 2016;

Thampi and Bhai, 2017).

Cuadro 2. Severidad de dafio por P. capsici en pliantulas de chile y tomate tratadas con suspensién celular
y filtrados de B. amyloliquefaciens 'y B. thuringiensis después de 7 d de inoculacién.
Table 2. Table 2. Severity of damage caused by P. capsici in chili and tomato seedlings treated with B. amy-
loliquefaciens and B. thuringiensis cell suspension and filtrates 7 d after inoculation.

Severidad de dafio (%) *+DE

Tratamiento Chile Tomate
S. celular Filtrado S. celular Filtrado
Control (Agua) 0.00 ¢¥ 0.00 ¢ 0.00 ¢ 0.00 ¢
P, capsici 100 a 100 a 100 a 100 a
B. amyloliquefaciens-P. capsici 61.11£6.49 b 94.4442.26 ab 27.78+4.18 b 61.11+4.18 b
B. thuringiensis-P. capsici 38.894+4.18 b 72.25+418 b 22.2242.87 be 44.44+4.54 b

*Las medias que no comparten una letra son significativamente diferentes (ANDEVA), de acuerdo a la prueba de
Tukey (P < 0.05) / *Means that do not share a letter are significantly different (ANOVA), according to Tukey’s
test (P < 0.05).

YSeveridad de dafo = [X (grado de dafio x niimero de plantas dafiadas)/(grado de dafio maximo de la escala de
severidad x total de plantas del tratamiento)] x 100 . DE = Desviacion estandar / YSeverity of damage = [X (extent
of damage x number of damaged plants)/(extent of maximum damage in the severity scale x total of plants from
the treatment)] x 100 . SD= Standard deviation.
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sus filtrados bacterianos estuvo por debajo de 6 y
38% en plantas de chile y tomate respectivamente
(Cuadro 3, Figura 3).

DISCUSION

La enfermedad producida por P. capsici es muy
importante debido a que afecta a cultivos de im-
portancia econdmica como tomate y chile (Agrios
2005; Hansen et al., 2012). Tomando en cuenta esta
situacion, y a que el control quimico y la mayoria
de las practicas culturales no representan herra-
mientas efectivas para disminuir la incidencia de
dafio por este patdogeno en plantulas de tomate y
chile, el uso de organismos de biocontrol pueden
ser una alternativa promisoria (Bae et al., 2016;
Thampi y Bhai, 2017).

Since the microorganisms of the Bacillus genus
are found mainly in the soil, in this study we used two
bacterial isolates whose morphological traits belong
to that genus. Using molecular techniques, the B17
isolate was identified as B. amyloliquefaciens, and
isolate B32 was in alignment with B. thuringiensis
and B. cereus. However, different authors, such
as Sanchez et al. (2016), mention that one of the
main differences between B. thuringiensis and
B. cereus is that they produce parasporal crystals
(Cry protein), a characteristic of B. thuringiensis
observed in the B32 isolate.

It was also demonstrated that they show the effect
of biocontrol and P. capsici zoospore germination
inhibition in tomato and chili seedlings, because
P capsici zoospore germination inhibition in
vitro was 88.15+2.5 and 97.05£1.19% when we
used cell suspensions of B. amyloliquefaciens

Figura 3. Eficacia de control de la enfermedad ocasionada por P. capsici en plantulas de chile y tomate mediante el uso de
suspension celular o filtrados de B. amyloliquefaciens y B. thuringiensis. Las plantulas fueron inoculadas con 1
pL de zoosporas 1x10° y 10 uL de suspensién celular o filtrado. (A) dafio por P. capsici en plantulas de chile, (B)
plantulas de chile con P. capsici+suspension celular de B. thuringiensis, (C) dafio por P. capsici en tomate y (D)
plantulas de tomate con P. capsici+suspension celular de B. thuringiensis.

Figure 3. Effectiveness to control the disease caused by P. capsici in chili and tomato seedlings using B. amyloliquefaciens
and B. thuringiensis cell suspension or filtrates. The seedlings were inoculated with 1 pL of 1x10° zoospores and
10 pL of cell suspension or filtrate. (A) damage caused by P. capsici in chili seedlings, (B) chili seedlings with P.
capsici+cell suspension of B. thuringiensis, (C) damage caused by P. capsici in tomato, and (D) tomato seedlings

using P. capsici+cell suspension of B. thuringiensis.
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Los microorganismos del género Bacillus se
encuentra principalmente en suelo, en este estu-
dio se trabajé con dos aislados bacterianos, cuyas
caracteristicas morfologicas pertenecen al género
Bacillus. Estos fueron identificados mediante téc-
nicas moleculares el aislado B17 como B. amylo-
liquefaciens y B32 mostr6 un alineamiento con B.
thuringiensis y B. cereus; sin embargo, de acuerdo
a diversos autores tal como Sanchez et al., 2016,
mencionan que una de las principales diferencias
entre B. thuringiensis y B. cereus, es la produccion
del cristal parasporal (proteina cry), caracteristico
de B. thuringiensis; en la que se observo en nuestro
aislado B32.

Asi mismo, se demostr6 que presentan efecto de
biocontrol e inhibicién de la germinacion de zoos-
poras de P. capsici en plantulas de tomate y chile al
observar que la inhibicion de la germinacion de zoo-
poras de P. capsici a nivel in vitro fue del 88.15+£2.5
y 97.05£1.19% al utilizar suspension celular de B.
amyloliquefaciens y B. thuringiensis, respectiva-
mente. Torres et al. (2016) reportaron una inhibi-
cion del 56.5+2.1% sobre el crecimiento micelial
de Macrophomina phaseolina mediante la técnica
de cultivo dual, utilizando suspension celular de B.
amyloliquefaciens. De acuerdo con lo observado en
el trabajo de Torres ef al. (2016) y en el presente
trabajo, se demuestra que la capacidad biocontro-
ladora de B. amyloliquefaciens se ve afectada por
la naturaleza del patogeno, ya que al confrontar la
suspension celular de B. amyloliquefaciens con zo-
osporas de P. capsici en medio de cultivo liquido,
se observa una inhibicion germinativa del 88.15%.
Por otro lado, Chen et al (2016b), reportaron una
tasa de germinacion de zoosporas de P. capsici del
100% al ser confrontadas con filtrados obtenidos
de un cultivo de Streptomyces plicatus, donde los
ingredientes del medio de cultivo fueron papa y su-
crosa; sin embargo, los resultados que obtuvieron al
utilizar filtrados provenientes de medios de cultivo
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and B. thuringiensis, respectively. Torres et
al. (2016) reported 56.5£2.1% inhibition of
Macrophomina phaseolina mycelial growth using
the dual crop technique and cell suspension of
B. amyloliquefaciens. According to Torres et al.
(2016) and to the present study, it has been proven
that B. amyloliquefaciens biocontrol capacity is
affected by the pathogen’s nature, because when
the cell suspension of B. amyloliquefaciens was
mixed with P. capsici zoospores in a liquid culture
medium, it caused 88.15% germination inhibition.
On the other hand, Chen et al. (2016b) reported
100% P. capsici zoospore germination when they
were mixed with filtrates from a Streptomyces
plicatus culture whose ingredients were potato and
sucrose. However, the results obtained using filtrates
from a culture medium containing chitin, potato
and sucrose show 100% zoospore germination, a
fact that indicates that biocontrol agents are more
effective when the pathogen to be controlled is
present than under conditions that do not threaten
its development. This was demonstrated by using
bacterial filtrates of B. amyloliquefaciens and
B. thuringiensis on a suspension of P. capsici
zoospores, where 24.30+6.28 and 49.35+5.03%
germination inhibition was observed, respectively,
which is lower than that observed when a cell
suspension was used.

While conducting in vivo experiments using
cell suspensions of B. amyloliquefaciens and B.
thuringiensis, damage severity was 61.11+6.49
and 38.89+4.18%, respectively, while the control
showed 100% damage. Several Bacillus species are
promising as part of the biocontrol strategy given
their ability to produce a variety of antibacterial and
antifungal metabolites (Zhietal.,2017). Dueto their
versatile ability to produce bioactive compounds,
different Bacillus species are being studied in order
to use them in several applications (Torres et al.,
2017). For example, many Bacillus isolates produce
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que contenian quitina, papa y sucrosa, alcanzaron
una inhibicion de la germinacion de zoosporas del
100%, lo que demuestra que los agentes de biocon-
trol son mas eficientes en presencia del patdogeno a
controlar, que si se encuentran en condiciones que
no amenacen su desarrollo. Esto se demostro al uti-
lizar filtrados bacterianos de B. amyloliquefaciens
y B. thuringiensis, sobre una suspension de zoospo-
ras de P. capsici, donde se observd una inhibicion
de la germinacion de 24.30+6.28 y 49.35+5.03%
respectivamente, mucho menor a la que se observo
al utilizar la suspension celular.

Durante los experimentos in vivo, se observo una
severidad de dafio del 61.11+£6.49 y 38.89+4.18% al
utilizar suspension celular de B. amyloliquefaciens
y B. thuringiensis respectivamente, mientras que el
control present6 el 100% de dafio. Algunas espe-
cies de Bacillus son promisorias dentro del biocon-
trol, debido a su capacidad de producir una varie-
dad de metabolitos antibacterianos y antifingicos
(Zhi et al., 2017). Debido a su versatilidad como
productores de compuestos bioactivos, se estan es-
tudiando diferentes especies de Bacillus para va-
rias aplicaciones potenciales (Torres et al., 2017).
Por ejemplo, muchas cepas de Bacillus producen
una variedad de lipopéptidos ciclicos antifiingicos
(CLP), incluyendo miembros de las familias sur-
factina, iturina y fengicina (Torres et al., 2016). Se
ha demostrado que los lipopéptidos pertenecientes
a las familias iturina, fengicina y surfactina son los
compuestos mas importantes en la actividad de bio-
control de cepas de Bacillus contra diferentes hon-
gos fitopatogenos de diferentes especies de plantas
(Masmoudi et al., 2017; Abdallah et al., 2017)._Por
lo tanto, el control de las enfermedades fingicas
por los Bacillus, representaria una oportunidad re-
levante para la biotecnologia agricola.

Varios autores han reportado a B. amyloliquefa-
ciens como una alternativa de biocontrol para dife-
rentes patogenos (Yuy Lee., 2013; Wei et al., 2015;
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several antifungal cyclic lipopeptides (CLPs),
including members of the surfactin, iturine and
fengycin families (Torres et al., 2016). It has been
demonstrated that lipopeptides belonging to the
iturine, fengycin and surfactin families, are the most
important compounds in the biocontrol activity of
Bacillus isolates against different phytopathogenic
fungi in different plant species (Masmoudi et al.,
2017; Abdallah et al., 2017). Therefore, using
Bacillus to control fungal diseases would be a great
opportunity for agricultural biotechnology.

Several authors have reported B. amyloliquefaciens
as a biocontrol option for different pathogens (Yu
and Lee., 2013; Wei et al., 2015; Zhang et al., 2015;
Torres et al., 2016; Chen et al., 2016b; Abdallah
et al., 2017). However, there are no reports on P.
capsici control of tomato and chili in which B.
amyloliquefaciens shows effective biocontrol;
therefore, based on the results obtained in the
present study, more research on this microorganism
must be conducted. Bacillus thuringiensis has also
proven to be efficient mainly for controlling insects
in different crops and fruits after harvest (Zheng et
al.,2013; Deepak and Jayapradha 2015; Kim et al.,
2017). Mojica-Marin et al. (2009) reported they
controlled chili wilting using B. thuringiensis, but
their study was directly conducted on germination
of seeds inoculated with P. capsici, where 62 to
93% germination was observed on treated seeds.
However, information on the use of B. thuringiensis
for controlling P. capsici in tomato and chili
seedlings is almost nil.

CONCLUSIONS

The cell suspensions of B. amyloliquefaciens
and B. thuringiensis species produced significantly
higher inhibition than their filtrates on P. capsici
zoospores. They also showed biological control

229



REVISTA MEXICANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

FuLLy BILINGUAL

Zhang et al., 2015; Torres et al., 2016; Chen et al.,
2016b; Abdallah et al., 2017); sin embargo, para
el biocontrol de P. capsici en cultivos de tomate y
chile no existen reportes donde B. amyloliquefa-
ciens presente un biocontrol efectivo, por lo que,
de acuerdo con los resultados obtenidos en este
estudio, es necesario mas investigacion con este
microorganismo. Asi mismo, B. thuringiensis ha
demostrado ser eficiente principalmente en el con-
trol de insectos, en distintos cultivos y frutos pos-
cosecha (Zheng et al., 2013; Deepak y Jayapradha
2015; Kim et al., 2017). Mojica-Marin et al. (2009)
reportaron el biocontrol de la marchitez del chile
mediante el uso de B. thuringiensis, solo que el tra-
bajo se realizo directamente en la germinacion de
semillas inoculadas con P. capsici, donde se obser-
v0 una germinacion entre 62 y 93% de las semillas
tratadas; sin embargo, la informacién es casi nula
con respecto al uso de B. thuringiensis en el bio-
control de P. capsici en plantulas de tomate y chile.

CONCLUSIONES

La suspension celular de las especies B. amylo-
liquefaciens y B. thuringiensis causaron una inhi-
bicion significativamente mayor que sus filtrados
sobre las zoosporas de P. capsici. Asi mismo, pre-
sentaron potencial de control bioldgico en cultivos
de tomate y chile contra P. capsici. Lo que sugiere
la produccion de metabolitos secundarios con acti-
vidad bioldgica. Por lo que estos microorganismos
pueden ser usados como agentes de biocontrol de
P, capsici en plantas de tomate y chile. Por lo tanto,
se requieren de mas estudios en la identificacion de
metabolitos secundarios o compuestos bioactivos,
producidos por estas bacterias y evaluar su capaci-
dad antifiingica.
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potential in tomato and chili crops against P. capsici.
This result suggests that these microorganisms
produce secondary metabolites that have biological
activity and can thus be used as P. capsici biocontrol
agents in tomato and chili plants. Therefore,
more studies are required to identify secondary
metabolites or bioactive compounds produced by
these bacteria, as well as to assess their antifungal
capacity.
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