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Resumen. Bacillus subtilis presenta actividad
antagonica contra fitopatogenos. En el presente es-
tudio, se identificaron los hongos asociados al aho-
gamiento en plantulas de calabacita y se evaluo la
efectividad de la cepa QST 713 de B. subtilis ante
la infeccion combinada de los hongos aislados. Los
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Abstract. Bacillus subtilis exhibits antagonistic
activity against plant pathogens. In the present
study, the fungi associated with damping off in
zucchini squash seedlings were identified and
the efficacy of B. subtilis strain QST 713 was
evaluated against the combined infection of the
isolated fungi. The pathogens were isolated from
zucchini squash seedlings with symptoms of
damping off. Seedlings of zucchini squash var.
Gray zucchini were inoculated with propagules
of three pathogens at a concentration of 4x10°
CFU of each pathogen. The effectiveness of B.
subtilis (2,4 y 6x107 UFC mL"'") was evaluated and
compared with methyl thiophanate + propamocarb
hydrochloride (preventive and curative). The
incidence was assessed at three, six, nine and 12
days (dai). Three fungi out of 100 isolates were
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patogenos se aislaron de plantulas de calabacita con
sintomas de ahogamiento. Se inocularon plantulas
de calabacita var. Grey zucchini con propagulos de
tres patdogenos a una concentracion de 4x10° UFC
de cada patdgeno. Se evalud la efectividad de B.
subtilis (2, 4y 6x107 UFC mL") y se compar6 con
metil tiofanato + propamocarb clorhidrato (preven-
tiva y curativa). La incidencia se evaluo a los tres,
seis, nueve y 12 dias (ddi). Se aislaron e identifica-
ron tres hongos de 100 aislamientos: Phytophthora
capsici (62%), Rhizoctonia solani (26%) y Fusa-
rium oxysporum (12%). Se observo la eficiencia
de B. subtilis, con una reduccién en la incidencia
de la enfermedad conforme se increment6 la con-
centracion. Doce dias después de la inoculacion, la
incidencia del ahogamiento en los tratamientos con
B. subtilis vari6 de 18.3 a 41%. El tratamiento de
B. subtilis (6x107 UFC mL™") fue estadisticamente
igual a metil tiofanato + propamocarb clorhidrato
(curativo). La cepa QST 713 de B. subtilis controld
un 81.7% el ahogamiento de plantulas de calabaci-
ta, aplicada de manera preventiva a una concentra-
cion de 6x10” UFC mL.

Palabras clave: Cucurbita pepo, plantulas, metil
tiofanato, propamocarb clorhidrato.

La calabacita (Cucurbita pepo) es una de las
principales especies de cucurbitaceas (Zitter et al.,
2004). La producciéon de calabacita esta limitada
por agentes bioticos y abioticos durante todo su ci-
clo de cultivo, siendo la etapa de plantula una de las
mas criticas. Existen numerosos patdgenos que pue-
den afectar las semillas y plantulas, causando aho-
gamiento en preemergencia o postemergencia. Los
agentes causales mas comunes del ahogamiento de
plantulas en cucurbitaceas son: Fusarium oxyspo-
rum (Vakalounakis y Chalkias, 2004), Phytophtho-
ra capsici (Hausbeck y Lamour, 2004), Rhizoctonia
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isolated and identified: Phytophthora capsici
(62%), Rhizoctonia solani (26%) and Fusarium
oxysporum (12%). The efficiency of B. subtilis
was observed, with a reduction in the incidence
of the disease as the concentration was increased.
Twelve days after inoculation, the incidence of
damping off in B. subtilis treatments ranged from
18.3 to 41%. The B. subtilis treatment (6x10” CFU
mL-") was statistically equal to methyl thiophanate
+ propamocarb hydrochloride (curative). The
strain QST 713 of B. subtilis controlled 81.7% the
damping off of zucchini squash seedlings, applied
preventively at a concentration of 6x107 CFU mL™.
Key words: Cucurbita pepo, seedlings,
thiophanate-methyl, propamocarb hydrochloride.

Zucchini squash (Cucurbita pepo) is one of the
main cucurbitaceae species (Zitter ef al., 2004). Its
production is limited by biotic and abiotic agents
during the whole cropping cycle, being the seedling
stage one of the most critical. There are numerous
pathogens that affect seed and seedlings and cause
pre-emergence or post-emergence damping off. The
most common causal agents of seedlings damping
off in cucurbitaceae are Fusarium oxysporum
(Vakalounakis and Chalkias, 2004), Phytophthora
capsici (Hausbeck and Lamour, 2004), Rhizoctonia
solani (Scheuerell et al., 2005) and Pythium spp.
(Deadman et al., 2002; Scheuerell et al., 2005).
In the past two decades, the use of synthetic
pesticides has been considerably reduced because
of the development of new control strategies such
as biopesticides (Ongena and Jacques, 2007).
One of the species most used as bioplaguicide is
Bacillus subtilis, because it produces antibiotics,
lipoproteins and hydrolytic enzymes which confer
antifungal activity, making it an excellent biological
control agent of phytopathogens. Specifically,
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solani (Scheuerell et al., 2005) y Pythium spp.
(Deadman et al., 2002; Scheuerell et al., 2005).
En las dos ultimas décadas, el uso de plaguicidas
sintéticos ha disminuido considerablemente debido
al desarrollo de nuevas estrategias de control como
los bioplaguicidas (Ongena y Jacques, 2007). Una
de las especies mas usadas como bioplaguicida es
Bacillus subtilis, debido a que ésta produce antibio-
ticos, lipoproteinas y enzimas hidroliticas, que le
confieren actividad antifingica, convirtiéndola en
un excelente agente de control biologico de fitopa-
togenos (Ongena y Jacques, 2007). De forma espe-
cifica, se ha reportado su actividad sobre organis-
mos que inducen ahogamiento de plantulas, y sus
efectos benéficos sobre las plantulas tratadas (Ca-
vaglieri et al., 2005; Sharma y Sharma, 2008). B.
subtilis produce tres familias de polipéptidos cicli-
cos (surfactinas, iturinas y fengicinas) relacionadas
con su actividad antagonica contra bacterias, hon-
gos y oomicetes. Estas lipoproteinas también estan
asociadas a una mayor capacidad de colonizacion
de las raices vegetales de la cepa bacteriana que las
produce, e intervienen en la estimulacion de la res-
puesta de defensa de la planta (Ongena y Jacques,
2007; Villareal-Delgado et al., 2017). Ademas de
los polipéptidos ciclicos, B. subtilis produce com-
puestos antimicrobiales, que le confieren una ma-
yor capacidad para el control de fitopatégenos (Ha-
mdache et al., 2011; Wise et al., 2012). Por lo an-
terior, B. subtilis es una alternativa promisoria para
el control bioldgico de fitopatdogenos (Falardeau et
al.,2013; Khedher et al., 2015). Hasta el momento,
los datos publicados sobre la efectividad de la cepa
QST 713 de B. subtilis para el control combinado
de F. oxysporum, P. capsiciy R. solani son escasos.
Por lo anterior, la presente investigacion tuvo como
objetivo identificar morfologicamente a los agentes
causales asociados al ahogamiento en plantulas de
calabacita y determinar la efectividad de B. subtilis
cepa QST 713 sobre la incidencia de la enfermedad
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its activity has been reported in organisms which
induce seedling damping off, and its beneficial
effects on treated seedlings (Cavaglieri et al., 2005;
Sharma and Sharma, 2008). B. subtilis produces
three families of cyclic polypeptides (surfactins,
iturines and fengycins) involved in its antagonistic
activity against bacteria, fungi, and oomycetes.
These lipoproteins are also associated with a
greater capacity to colonize the plant roots of the
bacterial strain that produces them and are involved
in the stimulation of the plant’s defense response
(Ongena and Jacques, 2007; Villareal-Delgado et
al., 2017). In addition to cyclic polypeptides, B.
subtilis produces antimicrobial compounds which
increase its capacity to control phytopathogens
(Hamdache et al., 2011; Wise et al., 2012). Based
on this, B. subtilis is a promising alternative for the
biological control of phytopathogens (Falardeau et
al., 2013; Khedher et al., 2015). So far, the data
published on the effectiveness of B. subtilis strain
QST 713 for the combined control of F. oxysporum,
P. capsici and R. solani are scarce. Therefore, the
objective of this research was to morphologically
identify the causal agents associated with damping
off in zucchini squash seedlings and determine the
effectiveness of B. subtilis strain QST 713 on the
incidence of the disease produced by the combined
inoculation of the isolated fungi.

During the 2019 spring-summer cycle, zucchini
squash (Cucurbita pepo) seedlings with damping
off symptoms were collected in Cuautla, Morelos.
The fungi associated with the symptoms were
isolated from root and stem cuts, as described by
Ayala-Armenta et al. (2020). The morphological
characterization was conducted under a compound
microscope CX31RBSFA (Olympus®, Japan) at
40X, where 50reproductive structures ofeachisolate
were measured. The molecular identification was
done based on specialized taxonomic keys (Leslie
and Summerell, 2006; Sneh et al., 1991; Erwin and
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producida por la inoculacion combinada de los
hongos aislados.

En el ciclo primavera-verano 2019, se colecta-
ron plantulas de calabacita (Cucurbita pepo) con
sintomas de ahogamiento en Cuautla, Morelos. El
aislamiento de los hongos asociados a los sintomas
se realizd a partir de cortes de raices y tallos, de
acuerdo con los descrito por Ayala-Armenta et al.
(2020). La caracterizacion morfologica se realizo a
40X en un microscopio compuesto CX31RBSFA
(Olympus®, Japén), donde se midieron 50 estruc-
turas reproductivas de cada aislado. La identifica-
cion se realizd con base en claves taxondmicas
especializadas (Leslie y Summerell, 2006; Sneh et
al., 1991; Erwin y Ribeiro, 1996). Para corroborar
la patogenicidad de los aislados se realizaron los
Postulados de Koch usando plantulas sanas de ca-
labacita. La prueba de patogenicidad se realizo dos
veces seleccionando el aislamiento mas virulento
de cada especie.

Para la evaluacion de B. subtilis contra los hon-
gos aislados, se usaron semillas de calabacita var.
Grey zucchini. El tratamiento fungicida presente
en las semillas se elimind de acuerdo con lo des-
crito por Marquez-Licona ef al. (2018). Siete dias
después de la siembra, las plantulas emergidas se
trasplantaron a vasos de poliuretano de 500 mL,
que contenian sustrato estéril a base de Peat Moss
y agrolita (75:25 v/v). Los tratamientos evaluados
consistieron en tres concentraciones de la cepa
QST 713 de B. subtilis (Serenade ASO®) (2, 4 y
6x107 UFC mL™") y metil tiofanato + propamocarb
clorhidrato aplicado de manera preventiva y curati-
va (Cuadro 1). Se determind la incidencia del aho-
gamiento de plantulas de calabacita causado por la
infeccion combinada de los hongos aislados y en
condiciones de invernadero (24 °Cy 70% HR). La
evaluacion de los tratamientos se realizo por dupli-
cado. La viabilidad del producto comercial se de-
terminé sembrando una alicuota del mismo en cua-
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Ribeiro, 1996). To confirm the pathogenicity of the
isolates, the Koch’s postulates were followed using
healthy squash seedlings. The pathogenicity test
was conducted twice selecting the most virulent
isolate of each species.

To evaluate B. subtilis against the isolated fungi,
seeds of zucchini squash Grey var. were used. The
fungicide treatment on the seeds was eliminated
as described by Marquez-Licona et al. (2018).
Seven days after planting, the emerging seedlings
were transplanted to 500 mL polyurethane cups
containing Peat Moss and agrolite sterile substrate
(75:25 v/v). The evaluated treatments consisted of
three concentrations of B. subtilis QST 713 strain
(Serenade ASO®) (2, 4 and 6x10” UFC mL™") and
methyl thiophanate + propamocarb hydrochloride,
which were applied preventively and curatively
(Table 1). The incidence of damping off caused by
the combined infection of the isolated fungi and
under greenhouse conditions was determined using
zucchini squash seedlings (24 °C and 70% HR).
The treatments were evaluated in duplicate. The
viability of the commercial product was determined
by placing an aliquot of the product in four Petri
dishes containing PDA medium. The Petri dishes
were incubated in darkness at 36 °C for 48 h.
The viability evaluation was made in duplicate.
Inoculum was increased for each pathogen in
specific culture mediums (SNA, V8 Agar and PDA).
The inoculum load of each of the pathogens applied
per plant was adjusted at a concentration of 4x10°
UFC using a hemocytometer (Marienfeld®). The
inoculation of the pathogens was made three days
after transplanting. The biological product based
on B. subtilis was applied twice to zucchini squash
seedlings, the first to the transplanted seedlings,
and the second six days after transplanting; in
both cases, 5 mL of the suspension were applied
at the seedlings neck. The preventive chemical
treatment was applied when the seedlings were
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Cuadro 1. Tratamientos evaluados para el control del ahogamiento de plantulas de ca-
labacita (Cucurbita pepo) bajo condiciones de invernadero.
Table 1. Evaluation of treatments to control damping off in zucchini squash (Cucurbita

pepo) under greenhouse conditions.

Tratamiento Concentracién Inéculo®
Testigo inoculado Sin tratamiento Inoculado
B. subtilis’ 2x107 UFC mL*! Inoculado
B. subtilis’ 4x10” UFC mL"! Inoculado
B. subtilis’ 6x10” UFC mL"! Inoculado
Metil tiofanato + Propamocarb clorhidrato (P) 105 ppm + 868 ppm Inoculado
Metil tiofanato + Propamocarb clorhidrato (C) 105 ppm + 868 ppm Inoculado

Testigo absoluto

Sin tratamiento Sin inoculacién

YCepa QST 713 = Serenade ASO®. 2F. oxysporum + P. capsici + R. solani aplicando 4x10°
UFC de cada uno por planta. P: tratamiento preventivo. C: tratamiento curativo. / ¥ Strain
QST 713 = Serenade ASO®. * F. oxysporum + P. capsici + R. solani applying 4x10° UFC of
each per plant. P: preventive treatment. C: curative treatment.

tro cajas Petri con medio de cultivo PDA. Las cajas
se incubaron en oscuridad a 36 °C por 48 h. La eva-
luacion de la viabilidad se realizo por duplicado. El
indculo se increment6 en medios de cultivo especi-
ficos para cada patdogeno (SNA, V8 Agar y PDA).
La carga de in6culo de cada patdégeno aplicado por
planta, se ajusto a una concentracion de 4x10° UFC
usando un hemacitometro (Marienfeld®). La inocu-
lacion de los patdgenos se realizo tres dias después
del trasplante. El producto biologico a base de B.
subtilis se aplicd dos veces en las plantulas de ca-
labacita, la primera al trasplante y la segunda seis
dias después del trasplante, depositando en ambos
casos 5 mL de la suspension al cuello de la plan-
tula. El tratamiento quimico preventivo se aplicd
al momento del trasplante y el curativo a 72 h des-
pués de la inoculacion de los patdgenos depositando
5 mL de la solucién al cuello de la plantula. Para
determinar la efectividad de los tratamientos sobre
la enfermedad, la incidencia del ahogamiento en
las plantulas de calabacita se registro cada 24 h, a
partir del momento de la inoculacion de los pato-
genos. El analisis estadistico incluy¢ las evaluacio-
nes a los tres, seis, nueve y 12 dias. La unidad
experimental consté de 100 plantulas, los datos
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transplanted, and the curative treatment 72 h after
the pathogens were inoculated, for which 5 mL of
the solution were applied to the seedlings neck.
To determine the effectiveness of the treatments
on the disease, the damping off incidence in the
seedlings was measured every 24 h, starting at
the time when the pathogens were inoculated.
The statistical analysis included evaluations at
three, six, nine and 12 days. The experimental
unit consisted of 100 seedlings, and the obtained
data were analyzed using a randomized complete
block design with four replications per treatment.
The data were subjected to an analysis of variance
and comparison of multiple means using the
Tukey’s honest significant difference method at a
significance level of 5%, and SAS for Windows v.
9.4 (SAS® Systems). The phytotoxicity evaluation
of the treatments was made using the percentage
scale proposed by the European Weed Research
Society (https://www.ewrs.org/). To confirm the
presence of the pathogens that were inoculated
in the diseased plants, re-isolations were made in
PDA culture medium. At the end of the experiment,
the surviving plants were kept under observation
for another 14 days.
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obtenidos se analizaron con base al modelo de un
disefio de bloques completos al azar, con cuatro re-
peticiones por tratamiento. Los datos se sometieron
aun analisis de varianza y comparacion multiple de
medias mediante el método de la diferencia signifi-
cativa honesta de Tukey, a un nivel de significancia
del 5%, usando el software estadistico SAS® Sys-
tems for Windows V 9.4. La evaluacién de la fito-
toxicidad de los tratamientos se realiz6 usando la
escala porcentual propuesta por la European Weed
Research Society (https://www.ewrs.org/). Con el
propésito de corroborar la presencia de los patoge-
nos inoculados en las plantas enfermas, se hicieron
reaislamientos en medio de cultivo PDA. Al final
del experimento, las plantas que sobrevivieron se
mantuvieron en observacion por 14 dias mas.

Se obtuvieron 100 aislamientos a partir de las
plantulas de calabacita con sintomas de ahoga-
miento recolectadas en Cuautla, Morelos, donde se
identificaron a Phytophthora capsici, Rhizoctonia
solani'y Fusarium oxysporum (Figura 1) en 62, 26
y 12%, respectivamente. Las pruebas de patoge-
nicidad demostraron que los organismos aislados
eran patogénicos. Las plantas inoculadas con P

One-hundred isolates were obtained from
zucchini squash seedlings with damping off
symptoms collected in Cuautla, Morelos, where
Phytophthora capsici, Rhizoctonia solani and
Fusarium oxysporum (Figure 1) were identified in
62, 26 and 12%, respectively. The pathogenicity
tests confirmed that the isolated organisms were
pathogenic. The plants inoculated with P. capsici
showed damping off symptoms four days after
inoculation, whereas the plants which were
independently inoculated with F. oxysporum and
R. solani showed disease symptoms six days
after inoculation. In this research, the symptoms
occurred earlier than those reported by Chehri et
al. (2010), who observed damping off symptoms
seven days after inoculating P. capsici and F
oxysporum in cucurbitaceae. SNA, PDA and V8-
Agar juice culture mediums increased the amount
of inoculum of F. oxysporum, R. solani and P.
capsici, respectively. The B. subtilis bacterium
strain QST 713 (Serenade ASO®) colonized the
Petri dish 48 h after the strain was sown and
incubated at 36 °C, thus confirming the viability
of the commercial product. The first damping off

Figura 1. Colonias de Fusarium oxysporum en medio de cultivo SNA (A), Phytophthora capsici en V8 Agar (B) y Rhizoctonia
solani en medio PDA (C) aisladas de plantulas de calabacita (Cucurbita pepo) con sintomas de ahogamiento. As-
pecto de las colonias 12 dias después de la siembra en medios selectivos.

Figure 1. Fusarium oxysporum colonies in SNA culture medium (A), Phytophthora capsici in V8 Agar (B) and Rhizoctonia
solani in PDA medium (C) isolated from zucchini squash seedlings (Cucurbita pepo) with damping off symptoms.
Appearance of the colonies 12 days after sowing in selective media.
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capsici mostraron sintomas de ahogamiento cuatro
dias después de la inoculacion, mientras que las
plantas inoculadas de forma independiente con F.
oxysporum 'y R. solani desarrollaron sintomas de la
enfermedad a los seis dias después de la inocula-
cion. En la presente investigacion, los sintomas se
presentaron antes con respecto a lo observado por
Chehri et al. (2010) quienes observaron sintomas
de ahogamiento siete dias después de la inocula-
cion de P, capsici y F. oxysporum en cucurbitaceas.
Los medios de cultivo SNA, PDA y Jugo V8-Agar
permitieron el incremento de indculo de F. oxys-
porum, R. solani 'y P. capsici respectivamente. La
bacteria B. subtilis cepa QST 713 (Serenade ASO®)
colonizo la caja de Petri 48 h después de la siembra
incubandola a 36 °C, demostrandose asi la viabili-
dad del producto comercial. Los sintomas iniciales
de ahogamiento en las plantas de calabacita se ob-
servaron a las 72 h después de la inoculacion. El
sindrome concuerda con lo descrito por Koike et
al. (2007).

La incidencia de la enfermedad presentd una re-
lacion directamente proporcional respecto al tiem-
po trascurrido después de la inoculacion. A los 12
dias después de la inoculacion de los patdogenos en
las plantas testigo alcanzaron un 100% de inciden-
cia de la enfermedad, mientras que las plantas del
testigo absoluto permanecieron sanas. La inciden-
cia promedio de la enfermedad en los tratamientos
evaluados se presenta en el Cuadro 2. A los tres dias
después de la inoculacion (ddi) (primera evalua-
cion), el testigo inoculado con el tratamiento metil
tiofanato + propamocarb clorhidrato (preventivo) y
los tratamientos de B. subtilis 2x107 y 4x107 UFC
mL-! presentaron una incidencia de la enfermedad
de 2 y 2.5% respectivamente, siendo estadistica-
mente diferentes respecto al resto de los tratamien-
tos evaluados, los cuales se mantuvieron sanos. En
la segunda evaluacion (seis ddi), el testigo inocula-
do alcanz6 una incidencia promedio de 60%, mientras
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symptoms in zucchini squash plants appeared 72 h
after inoculation. The syndrome coincides with the
result described by Koike et al. (2007).

The disease incidence was directly proportional
to the time elapsed after inoculation. Twelve days
after the pathogens were inoculated into the control
plants, the disease incidence reached 100%, whereas
the absolute control plants remained healthy.
The average disease incidence in the evaluated
treatments is shown in Table 2. Three days after
inoculation (dai) (first evaluation), the control
inoculated with methyl thiophanate + propamocarb
hydrochloride (preventive) and the treatments based
on B. subtilis 2x107 and 4x10” UFC mL"' showed a
disease incidence of 2 and 2.5%, respectively, being
statistically different to the rest of the evaluated
treatments, which remained healthy. In the second
evaluation (six dai), the inoculated control reached
60% average incidence, while the treatments based
on B. subtilis 2x107 and 4x10” UFC mL"' showed
31.8 and 33.8% disease incidence, respectively.
The treatments based on B. subtilis 6x107 UFC
mL"' and methyl thiophanate + propamocarb
hydrochloride (curative) were statistically equal,
while the treatment with methyl thiophanate +
propamocarb hydrochloride (preventive) and the
absolute control were statistically equal, with 0%
disease incidence. In the third evaluation (nine dai),
the previous tendency was continuous and there
was only an increase in the percent of the disease
incidence. The inoculated control reached 75%
average incidence, while the treatments based on
B. subtilis 2x107 and 4x10” UFC mL"' showed 33.8
and 38.8% disease incidence, respectively. The
treatments based on B. subtilis 6x10” UFC mL"' and
methyl thiophanate + propamocarb hydrochloride
(curative) were statistically equal, while the
treatment with methyl thiophanate + propamocarb
hydrochloride (preventive) and the absolute control
were also statistically equal, with 0% disease
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Cuadro 2. Eficiencia de B. subtilis en la incidencia del ahogamiento (F. oxysporum, P.
capsici 'y R. solani) de plantulas de calabacita (Cucurbita pepo) bajo condi-
ciones de invernadero.

Table 2. Effectiveness of B. subtilis in damping off incidence (F. oxysporum, P. capsici

and R. solani) in zucchini squash seedlings (Cucurbita pepo) under green-
house conditions.

Incidencia promedio de plantulas

Tratamiento de calabacita (%)

3 ddi 6 ddi 9ddi 12 ddi
Testigo inoculado 2.5a 60.0a  75.0a  100.0a
B. subtilis 2x107 UFC mL"! 2.5a 33.8b  38.8b 41.3b
B. subtilis 410" UFC mL"! 2.0a 31.3b  33.8b 38.8¢
B. subtilis 6x10" UFC mL"! 0.0b 14.8¢ 16.8¢c 18.3d
Metil tiofanato + Propamocarb clorhidrato (P) 0.0b 0.0d 0.0d 0.0e
Metil tiofanato + Propamocarb clorhidrato (C) 2.5a 12.0c 14.8¢ 16.3d
Testigo absoluto 0.0b 0.0d 0.0d 0.0e
DMS (5%): 1.3 5.5 5.8 2.37
CV: 43.5 10.9 9.8 3.31

Los valores medios seguidos por las mismas letras dentro de la misma columna son esta-
disticamente iguales (P<0.05), segun el método de la diferencia significativa honesta de
Tukey. ddi: dias después de la inoculacion. P: tratamiento preventivo. C: tratamiento cura-
tivo. / The intermediate values followed by the same letters in the same column are statisti-
cally equal (P<0.05), according to Tukey’s honest significant difference method. dai: days
after inoculation. P: preventive treatment. C: curative treatment.

que los tratamientos a base de B. subtilis 2x107 y
4x107 UFC mL" presentaron una incidencia de la
enfermedad de 31.8 y 33.8% correspondientemen-
te. Los tratamientos de B. subtilis 6x10" UFC mL"!
y el metil tiofanato + propamocarb clorhidrato (cu-
rativo) fueron estadisticamente iguales, mientras el
metil tiofanato + propamocarb clorhidrato (preven-
tivo) y el testigo absoluto fueron estadisticamente
iguales, con 0% de incidencia de la enfermedad.
En la tercera evaluacion (nueve ddi), la tendencia
anterior se mantuvo solo con un incremento en los
porcentajes de incidencia de la enfermedad. El tes-
tigo inoculado alcanzo una incidencia promedio de
75%, mientras que los tratamientos de B. subtilis
2x107 y 4x107 UFC mL"' presentaron una inciden-
cia de la enfermedad de 33.8 y 38.8%, respectiva-
mente. Los tratamientos de B. subtilis 6x10” UFC
mL"y el metil tiofanato + propamocarb clorhidrato
(curativo) fueron estadisticamente iguales, mien-
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incidence. Finally, in the fourth evaluation (12
dai), the inoculated control reached 100% average
incidence, while the treatment based on B. subtilis
2x107 UFC mL" reached 41.3% incidence, and
the treatment based on B. subtilis 4x10” UFC mL"!
reached 38.8% incidence; however, both treatments
(2x107 and 4x107 UFC mL"') were statistically
equal. In the treatments based on B. subtilis 6x107
UFC mL" and methyl thiophanate + propamocarb
hydrochloride (curative) the disease incidence
increased 2% compared to the percent obtained
in the third evaluation, being statistically equal.
Finally, the plants treated with methyl thiophanate +
propamocarb hydrochloride (preventive) remained
healthy, this is, with 0% disease incidence.

The results of the effectiveness of B. subtilis
obtained in this study agree with the results reported
by other researchers. It has been consistently
demonstrated that B. subtilis is effective to
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tras el metil tiofanato + propamocarb clorhidrato
(preventivo) y el testigo absoluto también fueron
estadisticamente iguales, con 0% de incidencia de
la enfermedad. Finalmente, en la cuarta evaluacion
(12 ddi), el testigo inoculado alcanzo6 una inciden-
cia promedio de 100%, mientras que el tratamiento
B. subtilis 2x10” UFC mL"' la incidencia se incre-
mento6 a 41.3% y en el tratamiento B. subtilis 4x107
UFC mL" la incidencia se incrementd a 38.8%;
sin embargo, ambos tratamientos (2x107 y 4x107
UFC mL") fueron estadisticamente iguales. En los
tratamientos B. subtilis 610" UFC mL"! y el me-
til tiofanato + propamocarb clorhidrato (curativo)
presentaron un incremento del 2% en la inciden-
cia de la enfermedad respecto a lo registrado en la
tercera evaluacion siendo estadisticamente iguales.
Por ultimo, las plantas tratadas con metil tiofanato
+ propamocarb clorhidrato (preventivo) se mantu-
vieron sanas, es decir, con 0% de incidencia de la
enfermedad.

Los resultados obtenidos en la presente inves-
tigacion sobre la efectividad de B. subtilis corres-
ponden a lo reportado por otros investigadores. Se
ha demostrado consistentemente que B. subtilis es
eficiente para el control de F. oxysporum (Mejia-
Bautista et al., 2016), Fusarium sp. (Illa et al.,
2020), P. capsici (Khalaf y Raizada, 2018) y R. so-
lani (Brewer y Larkin, 2005) en diferentes hospe-
dantes, incluyendo cucurbitaceas. De igual forma,
los resultados obtenidos con la aplicacion de metil
tiofanato, concuerdan con los resultados de investi-
gaciones previas que documentan la efectividad de
este fungicida metil benzimidazol carbamato para
el control de F. oxysporum en varios hospedantes
(Nel et al., 2007; Tarekegn et al., 2007). Asimismo,
el metil tiofanato reduce efectivamente la infeccion
por R. solani en diferentes hospedantes (Hancock,
1993; Kumar et al., 2003; Olaya et al., 1994). El
propamocarb clorhidrato es un ingrediente activo
ampliamente usado para el control de oomicetes,
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control F oxysporum (Mejia-Bautista et al.,
2016), Fusarium sp. (Illa et al., 2020), P. capsici
(Khalaf and Raizada, 2018) and R. solani (Brewer
and Larkin, 2005) in different hosts, including
cucurbitaceae. Similarly, the results obtained using
methyl thiophanate are consistent with the results
of previous studies that document the effectiveness
of methyl benzimidazole carbamate to control
F. oxysporum in several hosts (Nel et al., 2007,
Tarekegn et al., 2007). Methyl thiophanate is also
effective to reduce R. solani infection in different
hosts (Hancock, 1993; Kumar et al., 2003; Olaya et
al., 1994). Propamocarb hydrochloride is a widely
used active ingredient for the control of oomycetes,
including Phytophthora spp. in cucurbitaceae
(Deadman et al., 2002).

After the 12 days of the experiment, no increase
in the percentage of diseased plants in the treatments
was observed. None of the evaluated treatments
caused phytotoxicity to zucchini squash seedlings.
In the re-isolation of the phytopathogenic fungi
which were recovered from the inoculated control,
the frequency obtained was of 50, 35 and 15% for
P. capsici, R. solani and F. oxysporum; these data
coincided with the frequency of seedlings collected
in the field. This suggests that the dumping off
symptoms observed in the combined inoculation
were mainly caused by P capsici infection.
The first symptoms, caused by the combined
inoculation, appeared in a shorter period than that
observed when the pathogens were individually
inoculated (Fernandez-Herrera et al., 2007), thus
indicating that when £ oxysporum, P. capsici and
R. solani were combined, the inoculation was more
aggressive, because the incubation period was of
only 72 h. In this study, a higher radical development
of plants treated with B. subtilis was qualitatively
observed. Although none of the treatments based
on B. subtilis completely protected the zucchini
squash seedlings from the combined infection of F.
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incluyendo Phytophthora spp. en cucurbitaceas
(Deadman et al., 2002).

Posterior a los 12 dias de la evaluacion del expe-
rimento, no se observo incremento en el porcentaje
de plantas enfermas en los tratamientos. Ninguno
de los tratamientos evaluados causo fitotoxicidad
en las plantulas de calabacita. En el reaislamiento
de hongos fitopatdgenos recuperados de las plantu-
las del testigo inoculado se obtuvo una frecuencia
de 50,35y 15% para P. capsici, R. solani y F. oxys-
porum, datos que coincidieron en frecuencia de las
plantulas colectadas en campo. Lo anterior sugiere
que los sintomas de ahogamiento observados en la
inoculacion combinada se deben principalmente a
la infeccion por P. capsici. Los sintomas iniciales,
causados por la inoculacion combinada, se presen-
taron en un periodo mas corto que lo observado en
la inoculacion individual de los patogenos (Fernan-
dez-Herrera et al., 2007), lo que indica que la ino-
culacion conjunta de F. oxysporum, P. capsiciy R.
solani fue méas agresiva, presentando un periodo de
incubacion de solo 72 h. En el presente estudio, se
observo de manera cualitativa un mayor desarrollo
radical de las plantas tratadas con B. subtilis. Aun
cuando ninguno de los tratamientos a base de B.
subtilis protegieron completamente a las plantulas
de calabacita de la infeccion conjunta de F. oxyspo-
rum, P. capsici 'y R. solani, se observo la siguiente
tendencia: a mayor concentracion de la bacteria, se
registré una menor incidencia de la enfermedad. El
tratamiento con B. subtilis a 6x107 UFC mL"', fue
estadisticamente igual que el tratamiento quimico
curativo, lo que demuestra la factibilidad de su uso
en el manejo biologico de la enfermedad. En el caso
del tratamiento quimico preventivo fue estadistica-
mente igual que el testigo absoluto, corroborandose
asi la efectividad del control quimico. No obstante,
dentro de la tendencia actual en la reduccion del
uso de moléculas sintéticas en la produccion agri-
cola, el uso preventivo de productos bioldgicos es
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oxysporum, P. capsici and R. solani, the following
tendency was observed: the higher the concentration
of bacterium, the lower the disease incidence. The
treatment based on B. subtilis at 6x107 UFC mL"!
was statistically equal to the curative chemical
treatment, which demonstrates its potential for
the biological management of the disease. The
preventive chemical treatment was statistically
equal to the absolute control, thereby demonstrating
the effectiveness of the chemical control. However,
as part of the current trend in reducing the use of
synthetic molecules in agricultural production,
the preventive use of biological products is the
ecologically viable response to manage the disease.
The use of higher concentrations of B. subtilis is
suggested in further studies.

The products evaluated helped consistently to
reduce the incidence of zucchini squash seedlings
death. The biological product based on B. subtilis at
a concentration of 6x107 UFC mL! protected more
than 80% of the zucchini squash seedlings which
were inoculated with F. oxysporum, P. capsici and
R. solani; its effectiveness was statistically equal
to that of the curative treatment based on methyl
thiophanate + propamocarb hydrochloride. The
preventive treatment based on methyl thiophanate
+ propamocarb hydrochloride protected 100%
of the seedlings from the inoculation of the three
pathogens.

End of the English version ~—~—~——~——~

la respuesta ecologicamente viable para el manejo
de la enfermedad. En estudios posteriores se sugie-
re evaluar concentraciones mas altas de B. subtilis.

Los productos evaluados contribuyeron consis-
tentemente a disminuir la incidencia de la muerte
de plantulas de calabacita. El producto biologico
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a base de B. subtilis a una concentracion de 6x107
UFC mL"! protegié mas del 80% de las plantu-
las de calabacita inoculadas con F. oxysporum, P.
capsici y R. solani, teniendo una efectividad esta-
disticamente igual al tratamiento curativo de me-
til tiofanato + propamocarb clorhidrato. Mientras
que el tratamiento preventivo de metil tiofanato +
propamocarb clorhidrato protegio al 100% de las
plantulas de la inoculacion de los tres patdgenos.
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