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Abstract

pepper production. Therefore, this study aimed to evaluate the effect of Streptomyces

spp. in the biological control of P. capsici under in vitro and in vivo conditions. The in
vitro antagonistic activity of strains ABV38, ABV39 and ABV45 was examined by means of
dual confrontation tests. Broth culture supernatant (BCS) from the growth of the strains
was irrigated on pepper plants inoculated with P. capsici CH11 (PC CH11) to evaluate wilt
suppression. Molecular identification of the strains was carried out by analyzing the partial
sequence of the 16S rRNA gene. Under in vitro conditions, strains ABV38, ABV39 and ABV45
inhibited the mycelial growth of PC CH11 by 51, 28 and 50 %, respectively. In the in vivo
evaluation, the BCSs of strains ABV38 and ABV45 showed a wilt suppressive effect, with
plant survival of 77 and 94 %, respectively. Strain ABV39 did not show a wilt suppressive
effect (0 % survival), and nor did the untreated plants. Molecular identification indicated
that strains ABV39, ABV38 and ABV45 belong to the genus Streptomyces, of which ABV38
and ABV45 have potential for biorational control of pepper wilt.

Pepper wilt, caused by Phytophthora capsici, is one of the main threats faced during

Resumen

amenazas durante la produccién del cultivo. Por lo anterior, el objetivo de este

trabajo fue evaluar el efecto de Streptomyces spp. en el control biolégico de P. capsici
en condiciones in vitro e in vivo. La actividad antagénica in vitro de las cepas ABV38, ABV39
y ABVA45 se realizé mediante ensayos de confrontacién dual. El sobrenadante del caldo de
cultivo (SNC) delcrecimiento de las cepas se irrigd en plantas de chile inoculadas con P.
capsici CH11 (PC CH11) para evaluar la supresién de la marchitez. La identificacién molecular
de las cepas se realiz6 mediante el andlisis de la secuencia parcial del gen ARNr 16S. En
condiciones in vitro, las cepas ABV38, ABV39 y ABV45 inhibieron el crecimiento micelial
de PC CH11 en 51, 28 y 50 %, respectivamente. En la evaluacion in vivo, los SNC de las cepas
ABV38 y ABV45 mostraron un efecto supresor de la marchitez, con una supervivencia de
las plantas de 77 y 94 %, respectivamente. La cepa ABV39 no mostré un efecto supresor de
la marchitez (supervivencia de 0 %), al igual que las plantas no tratadas. La identificacién
molecular indicé que las cepas ABV39, ABV38 y ABV45 pertenecen al género Streptomyces;
de las cuales, ABV38 y ABV45 poseen potencial para el control biorracional de la marchitez
del chile.

La marchitez del chile, causada por Phytophthora capsici, es una de las principales
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Introduction

Phytophthora species (> 60) are a threat to different
agronomically and ecologically important plants,
causing diseases such as wilting or rotting of root,
crown, stems, leaves and fruits (Drenth & Guest, 2004;
Jung et al., 2018). Among these species, Phytophthora
capsici (PC) is considered a destructive pathogen that
affects agricultural crops such as cucurbits, eggplant
(Solanum melongena L.), tomato (Solanum lycopersicum L.)
and pepper (Capsicum annuum L.) (Lamour, Stam, Jupe,
& Huitema, 2012). In Mexico, pepper is one of the main
horticultural crops of economic importance. In 2018,
Mexico ranked as the world’s second largest pepper
producer and exporter, producing nearly 3.4 million
tons with a value of US $844 million (Servicio de
Informacion Agroalimentaria y Pesquera [SIAP], 2019).
Despite the above, diseases due to phytopathogens,
such as wilt caused by PC, have affected the
productivity of the pepper crop.

Phytophthora spp. zoospores are the organism’s main
propagule for survival, dispersal and infection;
moreover, due to their motility, they can actively
locate their hosts (Judelson & Blanco, 2005;
Stanghellini, Kim, Rasmussen, & Rorabaugh, 1996). The
use of chemical fungicides has been the main method
of PC control; however, their constant use increases the
risk of pathogen resistance (Wu et al., 2020). Therefore,
other alternatives are required that, as a whole, allow
for an integrated pest and disease management strategy
focused on the development of sustainable agriculture
(Lamichhane et al., 2017). In recent decades, the use
of antagonistic microorganisms for disease control
in plants has proven to be an alternative because
microorganisms are specific to a phytopathogen,
harmless to both non-target species and humans, and
environmentally friendly (O’Brien, 2017).

Actinobacteria (commonly called actinomycetes)
have potential as biological control agents, as they have
the ability to inhibit or reduce the growth of plant
pathogens through direct and indirect mechanisms
such as the production of antibiotics, lytic enzymes,
hyperparasitism, competition and induction of
systemic resistance in plants (Kurth et al., 2014; Sharma
& Salwan, 2018). Actinobacteria have demonstrated
their in vitro potential as antagonists for different
Phytophthora species.

Sadeghi, Koobaz, Azimi, Karimi, and Akbari (2017)
demonstrated that Streptomyces spp. strains inhibit
mycelial growth of P. drechsleri by 30 to 78 %. Fonseca-
Ardila, Castellanos-Sudrez, and Ledn-Sicard (2011)
report that actinobacterial isolates from fermented
extracts of chipaca (Bidens pilosa L.) inhibit mycelial
growth of P. infestans by 33 to 77 %. Arfaoui, Adam,

Introduccién

Las especies de Phytophthora (> 60) son una amenaza
para diferentes plantas de importancia agronémica
y ecoldgica, ya que causan enfermedades como la
marchitez o pudricion de la raiz, corona, tallos,
hojas y frutos (Drenth & Guest, 2004; Jung et al.,
2018). Entre dichas especies, Phytophthora capsici
(PC) es considerado un patégeno destructivo que
afecta a cultivos agricolas como las cucurbitdceas,
berenjena (Solanum melongena L.), tomate (Solanum
lycopersicum L.) y chile (Capsicum annuum L.) (Lamour,
Stam, Jupe, & Huitema, 2012). En México, el chile es uno
de los principales cultivos horticolas de importancia
econémica. Durante 2018, México se ubicé como
el segundo productor y exportador a nivel mundial
de chile, con una produccién de casi 3.4 millones de
toneladas y un valor de 844 millones de délares (Servicio
de Informacién Agroalimentaria y Pesquera [SIAP],
2019). A pesar de lo anterior, las enfermedades debidas
a fitopatégenos, como la marchitez causada por PC,
han afectado la productividad del cultivo de chile.

Las zoosporas de Phytophthora spp. son su principal
propdgulo de supervivencia, dispersiéon e infeccidn;
ademds, debido a su motilidad pueden localizar
activamente a sus hospedantes (Judelson & Blanco,
2005; Stanghellini, Kim, Rasmussen, & Rorabaugh,
1996). El uso de fungicidas quimicos ha sido el principal
método de control de PC; sin embargo, su uso constante
incrementa el riesgo de resistencia del patdégeno
(Wu et al., 2020). Por lo anterior, se requieren otras
alternativas que permitan, en conjunto, un manejo
integrado de plagas y enfermedades enfocadas
hacia el desarrollo de una agricultura sustentable
(Lamichhane et al.,, 2017). En las dltimas décadas, el
uso de microorganismos antagonistas para el control
de enfermedades en plantas ha demostrado ser una
alternativa, esto debido a que los microorganismos
son especificos para un fitopatégeno, inofensivos para
especies no blanco, inocuos para el hombre y amigables
con el ambiente (O’Brien, 2017).

Las actinobacterias (comtnmente llamadas
actinomicetos) poseen potencial como agentes de
control bioldgico, ya que tienen la capacidad de inhibir
o reducir el crecimiento de fitopatégenos a través de
mecanismos directos e indirectos como la produccién
de antibidticos, enzimas liticas, hiperparasitismo,
competencia y la induccién de resistencia sistémica en
las plantas (Kurth et al., 2014; Sharma & Salwan, 2018).
Las actinobacterias han demostrado su potencial
in vitro como antagonistas para diferentes especies
de Phytophthora.

Sadeghi, Koobaz, Azimi, Karimi, y Akbari (2017)
demostraron que cepas de Streptomyces spp. inhiben
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Bezzahou, and Daayf (2018) isolated bacteria (100
isolates) from the rhizoplane of soybean (Glycine max [L.]
Merr.) plants and found that nine isolates, belonging
to the genera Streptomyces spp. (3), Bacillus spp. (4),
Paenibacillus sp. (1) and Lysobacter sp. (1) reduced the
percentage of mycelial growth of P. sojae by 14 to 85 %.
Chen, Chen, and Tsay (2016) reported the antagonistic
activity of S. plicatus B4-7 against several Phytophthora
species, and Evangelista-Martinez (2014) demonstrated
the antagonistic potential of Streptomyces sp. CA-CIS-
1.16CA (isolated from the soil of the “Los Petenes”
biosphere reserve) against several phytopathogenic
fungi, among them PC.

Actinobacteria are a prominent source of natural
products. According to Bérdy (2012), actinobacteria
account for 40.8 % of all bioactive metabolites of
microbial origin. Nguyen et al. (2015) demonstrated
that pyrrolidone carboxylic acid, isolated from
Streptomyces griseus H7602, reduced PC mycelial growth
from concentrations of 8 to 128 pg-mL". In similar
studies, Joo (2005) and Chen et al. (2016) evaluated the
activity of the cell-free culture broth of S. plicatus B4-7
and S. halstedii AJ-7, respectively; in in vitro tests, both
cultures inhibited the germination of PC zoospores.
Lee, Moon, Yun, Yoo, and Hwang (2004) isolated
the mnatural product thiobutacin from Lechevalieria
aerocolonigenes VK-A9, a compound that inhibited the in
vitro germination of PC zoospores at a concentration
of 10 pg-mL". Therefore, the objective of this work
was to evaluate the effect of Streptomyces spp. in the
biological control of Phytophthora capsici under in vitro
and in vivo conditions.

Materials and methods
Plant material

Serrano pepper var. Camino Real F1 seeds (Harris
Moran®, Seed Company) were used. The seeds were
washed with running water to remove the fungicide
coating and then sown in three plastic germination
trays with 72 cavities (6x12, one seed per cavity); for
this, a sand-peat mixture (Mix No. 3, Sunshine®) was
used as substrate at a 1:1 (v/v) ratio and sterilized
at 120 °C for 6 h at a pressure of 1.05 kg-cm™
Each tray was placed inside a base and covered
with a transparent plastic dome, then placed in an
incubation room at 21 * 1 °C with a photoperiod of
16/8 h (light | dark). Irrigation was carried out with
running water once a week.

Microbiological material
Actinobacteria from the microorganism collection of

the Phytopathology Laboratory of the CIATE] Plant
Biotechnology Unit were used. The actinobacteria
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el crecimiento micelial de P. drechsleri de 30 a 78 %.
Fonseca-Ardila, Castellanos-Sudrez, y Leo6n-Sicard
(2011) mencionan que aislados actinobacterianos de
extractos fermentados de chipaca (Bidens pilosa L.)
inhiben el crecimiento micelial de P. infestans de 33 a
77 %. Arfaoui, Adam, Bezzahou, y Daayf (2018) aislaron
bacterias (100 aislados) del rizoplano de plantas de
soya (Glycine max [L.] Merr.), y encontraron que nueve
aislados, pertenecientes a los géneros Streptomyces spp.
(3), Bacillus spp. (4), Paenibacillus sp. (1) y Lysobacter sp.
(1), redujeron el porcentaje de crecimiento micelial
de P. sojae de 14 a 85 %. Chen, Chen, y Tsay (2016)
reportaron la actividad antagénica de S. plicatus B4-7
contra varias especies de Phytophthora, y Evangelista-
Martinez (2014) demostr6 el potencial antagonista
de Streptomyces sp. CA-CIS-1.16CA (aislado de suelo de
la reserva de la biosfera “Los Petenes”) contra varios
hongos fitopatégenos, entre ellos PC.

Las actinobacterias son una fuente de productos
naturales prominente. De acuerdo con Bérdy (2012),
las actinobacterias aportaron el 40.8 % de todos los
metabolitos bioactivos de origen microbiano. Nguyen
et al. (2015) demostraron que el &dcido pirrolidén
carboxilico, aislado de Streptomyces griseus H7602, redujo
el crecimiento micelial de PC desde concentraciones
de 8 a 128 pg-mL". En estudios similares, Joo (2005) y
Chen et al. (2016) evaluaron la actividad del caldo de
cultivo libre de células de S. plicatus B4-7 y S. halstedii AJ-7,
respectivamente; en pruebas in vitro, ambos cultivos
inhibieron la germinacién de zoosporas de PC. Lee,
Moon, Yun, Yoo, y Hwang (2004) aislaron el producto
natural tiobutacina de Lechevalieria aerocolonigenes VK-
A9, compuesto que inhibi6 la germinacién in vitro de
zoosporas de PC a una concentracion de 10 pg-mL". Por
lo anterior, el objetivo de este trabajo fue evaluar el
efecto de Streptomyces spp. en el control biolégico de
Phytophthora capsici en condiciones in vitro e in vivo.

Materiales y métodos
Material vegetal

Se utilizaron semillas de chile serrano var. Camino
Real F1 (Harris Moran®, Seed Company). Las semillas se
lavaron con agua corriente para eliminar la cubierta de
fungicida y se sembraron en tres charolas pldsticas
de germinacién con 72 cavidades (6x12, una semilla
por cavidad); para ello, se utilizé como sustrato una
mezcla de arena-turba (Mix No. 3, Sunshine®) en
proporciéon 1:1 (v/v), esterilizada a 120 °C durante
6 h a una presién de 1.05 kg-cm®. Cada charola se
coloc6 dentro de una base y se cubrié con un domo de
pldstico transparente, luego se colocaron en un cuarto
de incubacién a 21 + 1 °C con un fotoperiodo de 16/8 h
(luz/oscuridad). El riego se realiz6 con agua corriente
una vez por semana.
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used were ABV38, ABV39 and ABV45, previously
isolated from the rhizosphere of Agave spp. (Rincén-
Enriquez, Lépez-Pérez, & Quinones-Aguilar, 2014).
In previous tests, these actinobacteria inhibited the
in vitro growth of Phytophthora capsici CH11 (PC CH11)
(Reyes-Tena, Ferndndez-Pavia, Rincén-Enriquez, Lopez-
Pérez, & Quifiones-Aguilar, 2014). Actinobacterial
isolates were grown in potato-dextrose agar (PDA)
culture medium with pH 7 (3 M NaOH) and were
incubated at 21 * 1 °C in the dark for 15 days. The
PC CH11 strain was cultured in clarified V8 agar
(50 mL-L" of V8 juice, 0.5 g-L" of CaCO, and 15 g-L"
of agar) and incubated at 21 £ 1 °C in the dark for
10 days.

Dual antagonistic activity bioassay

Actinobacteria ABV38, ABV39 and ABV45 were tested
to determine their activity in inhibiting in vitro growth
of PC CH11 in dual confrontation assays. A disk
containing a 6 mm diameter actinobacterial isolate
with 15 days of growth was deposited 1 cm from the
edge of the Petri dish with PDA culture medium.
The Petri dishes were pre-incubated before inoculating
the phytopathogenic oomycete for 0, 3 and 5 days at
21 + 1 °C in the dark (Evangelista-Martinez, 2014).
After the pre-incubation time, a 6 mm diameter
PC CH11 disk (10 days of growth) was deposited
1 cm from the edge of the Petri dish and opposite
the disk with actinobacteria. Dishes inoculated only
with PC CH11 at 1 cm from the edge served as the
control. Antagonistic activity was determined 24 days
after inoculation from the area of PC CH11 growth
inhibition. PC CH11 growth in the control dishes was
over the entire surface of the culture medium. For the
evaluation, a completely randomized experimental
design with three replicates was established, where
three treatments were evaluated per actinobacterium,
corresponding to the pre-incubation times (0, 3 and
5 days).

Production of broth culture supernatant

One disk of each actinobacterium on 6 mm diameter
PDA was independently inoculated in 250 mL
Erlenmeyer flasks with 125 mL of culture medium
(potato-dextrose broth, pH 7) that had been previously
sterilized (121 °C at 1.05 kg-cm® for 20 min). The
flasks were placed in an orbital incubator at 30 °C and
200 rpm for 20 days. Four flasks were inoculated
for each actinobacterium. After incubation, the
broth culture was centrifuged at 13,000 rpm for
15 min. The broth culture supernatant (BCS) of each
actinobacterium (unfiltered) was recovered and stored
at 4 °C until use.

Production of Phytophthora capsici CH11 zoospores

Material microbiolégico

Se utilizaron actinobacterias de la coleccién de
microorganismos del Laboratorio de Fitopatologia
de la Unidad de Biotecnologia Vegetal del CIATE].
Las actinobacterias utilizadas fueron ABV38, ABV39
y ABV45, aisladas previamente de la rizosfera
de Agave spp. (Rincon-Enriquez, Lopez-Pérez, &
Quifiones-Aguilar, 2014). En pruebas anteriores, dichas
actinobacterias inhibieron el crecimiento in vitro
de Phytophthora capsici CH11 (PC CH11) (Reyes-Tena,
Ferndndez-Pavia, Rincén-Enriquez, Loépez-Pérez, &
Quifiones-Aguilar, 2014). Las aislados actinobacterianos
se cultivaron de manera rutinaria en medio de cultivo
agar papa-dextrosa (PDA) con pH 7 (NaOH 3 M) y se
incubaron a 21 £ 1 °C en oscuridad durante 15 dias.
La cepa de PC CH11 se cultivé en agar V8 clarificado
(50 mL-L" de jugo V8, 0.5 g-L" de CaCO, y 15 g-L" de
agar) e incubd a 21 + 1 °C en oscuridad durante 10 dias.

Bioensayo de actividad antagénica dual

Las actinobacterias ABV38, ABV39 y ABV45 se
probaron para determinar su actividad en la
inhibicién del crecimiento in vitro de PC CH11 en
ensayos de confrontaciéon dual. Un disco de un aislado
actinobacteriano de 6 mm de didmetro de 15 dias de
crecimiento se deposité a 1 cm del borde de la caja
Petri con medio de cultivo PDA. Las cajas Petri se pre-
incubaron antes de inocular el oomiceto fitopatégeno
durante 0,3y5diasa21+*1°Cenoscuridad (Evangelista-
Martinez, 2014). Después del tiempo de pre-incubacién,
se deposito un disco de PC CH11 de 6 mm de didmetro
(10 dias de crecimiento) a 1 cm del borde de la caja
Petri y enfrente del disco con actinobacteria. Cajas
inoculadas solo con PC CH11 a 1 cm del borde sirvieron
como testigo. La actividad antagénica se determiné
a los 24 dias después de la inoculacién a partir del
drea de inhibicién del crecimiento de PC CH11. El
crecimiento de PC CH11 en las cajas testigo fue en toda
la superficie del medio de cultivo. Para la evaluacion, se
establecié un disefio experimental completamente al
azar con tres repeticiones, en donde se evaluaron tres
tratamientos por actinobacteria, correspondientes a
los tiempos de pre-incubacion (0, 3 y 5 dias).

Produccion de sobrenadante del caldo de cultivo

Un disco de cada actinobacteria en PDA de 6 mm de
didmetro se inocul6 de manera independiente en
matraces Erlenmeyer de 250 mL con 125 mL de medio
de cultivo (caldo de papa-dextrosa, pH 7) previamente
esterilizado (121 °C a 1.05 kg-cm” durante 20 min).
Los matraces se colocaron en un incubador orbital
a 30 °C y 200 rpm durante 20 dias. Se inocularon
cuatro matraces por cada actinobacteria. Después
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Zoospore production was performed using the
Ristaino (1990) technique, with slight modifications.
PC CH11 cultures with 10 days of growth in clarified
V8 agar (50 mL-L" of V8 juice, 0.5 g-L" of CaCO, and
15 g-L" of agar) were used. The culture medium of each
Petri dish was cut in half, and one of the halves was
placed in another sterile Petri dish. Using a scalpel,
the clarified V8 agar halves were cut into ~1 cm’
squares and sterile distilled water was added to cover
the agar squares. The Petri dishes were placed in an
incubation room at 21 *1 °C in the dark. The distilled
water was renewed daily for five days. Finally, the
Petri dishes were brought to 4 °C for 1 h to induce
zoospore release. The suspension was adjusted to
500 zoospores-mL" using a hemocytometer.

Evaluation of biorational control of
Phytophthora capsici CH11 in vivo

Three days before applying the treatments, the
serrano pepper plants were irrigated with plenty of
running water, and excess water from the base container
was removed to avoid cross contamination. Ten mL of
the BCS of actinobacteria ABV38, ABV39, and ABV45
were applied independently to each 25-day-old pepper
plant. As a negative control, 10 mL of sterile distilled
water were applied per plant, and the commercial
product Infinito® (Bayer®, Mexico), recommended for
the control of oomycetes, which contains fluopicolide
(62.5 gL') and propamocarb hydrochloride (625 gL"),
was used as a chemical control. For the chemical
control, a suspension was prepared at 3 mL-L' of
the concentrated product and 10 mL were added per
plant. After applying the treatments, each plant was
inoculated with 3 mL of the zoospore suspension
(500 zoospores-mL’) of PC CH11, at a final
concentration in the substrate of 50 zoospores-g’.
The control plants were inoculated with 3 mL of
sterile distilled water. After inoculation of the
phytopathogenicoomycete, the plants wereincubated
at 21 + 1 °C with a photoperiod of 16/8 h (light/dark)
for 10 days. No further irrigation was applied to
the plants.

For this test, a completely randomized experimental
design with 10 treatments was used: T1) ABV38, T2)
ABV38 + PC CH11, T3) ABV39, T4) ABV39 + PC CH11,
T5) ABV45, T6) ABV45 + PC CH11, T7) control (healthy
plants), T8) control + PC CH11 (diseased plants), T9)
chemical control and T10) chemical control + PC
CH11. The treatments were applied in trays with the
pepper plants. One tray had 12 columns, each with
six pepper plants. The end columns of the tray were
excluded. The 10 internal columns were randomized to
apply the treatments. The experimental unit consisted
of six pepper plants, and the treatments were carried
out in triplicate. The survival percentage of the plants
was determined with the following formula:
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de la incubacién, el caldo de cultivo se centrifugé a
13,000 rpm durante 15 min. El sobrenadante del caldo
de cultivo (SNC) de cada actinobacteria (no filtrado) se
recuperd y almacené a 4 °C hasta su uso.

Produccién de zoosporas de
Phytophthora capsici CH11

La produccién de zoosporas se realiz6 mediante la
técnica de Ristaino (1990), con ligeras modificaciones.
Se wutilizaron cultivos de PC CH11 de 10 dias de
crecimiento en agar V8 clarificado (50 mL-L" de jugo
V8, 0.5 g-L! de CaCO, y 15 g-L" de agar). El medio de
cultivo de cada caja Petri se corté a la mitad, y una
de las mitades se colocd en otra caja Petri estéril. Con
ayuda de un bisturi, se cortaron las mitades del agar
V8 clarificado en cuadros de ~1 cm” y se agreg6 agua
destilada estéril hasta cubrir los cuadros de agar. Las
cajas Petri se colocaron en un cuarto de incubacién
a 21 =1 °C en oscuridad. El agua destilada se renové
diariamente durante cinco dias. Finalmente, las cajas
Petri se llevaron a 4 °C durante 1 h para inducir la
liberacién de las zoosporas. La suspension se ajusté a
500 zoosporas-mL" con ayuda de un hemocitémetro.

Evaluacion del control biorracional de
Phytophthora capsici CH11 in vivo

Tres dias antes de la aplicacién de los tratamientos,
las plantas de chile serrano se regaron con abundante
agua corriente, y el exceso de agua del contenedor
base se eliminé para evitar contaminacién cruzada. Se
aplicaron, de manera independiente, 10 mL del SNC
de las actinobacterias ABV38, ABV39 y ABV45 por cada
planta de chile de 25 dias de edad. Como testigo negativo
se aplicaron 10 mL de agua destilada estéril por planta,
y como testigo quimico se utiliz6 el producto comercial
Infinito® (Bayer®, México), recomendado para el control
de oomicetos, el cual contiene fluopicolide (62.5 g-L")
y propamocarb clorhidrato (625 g-L"). Para el testigo
quimico, se prepar6 una suspension a 3 mL-L' del
producto concentrado y se agregaron 10 mL por
planta. Después de la aplicacién de los tratamientos,
cada planta se inoculé con 3 mL de la suspensién de
zoosporas (500 zoosporas-mL') de PC CH11, a una
concentracion final en el sustrato de 50 zoosporas-g.
Las plantas testigo se inocularon con 3 mL de agua
destilada estéril. Después de la inoculacién del oomiceto
fitopatdgeno, las plantas se incubaron a 21 + 1 °C con
un fotoperiodo de 16/8 h (luz/oscuridad) durante 10
dias. No se aplicaron mds riegos a las plantas.

Para esta prueba, se utilizé6 un disefio experimental
completamente al azar con 10 tratamientos: T1)
ABV38, T2) ABV38 + PC CH11, T3) ABV39, T4) ABV39
+ PC CH11, T5) ABV45, T6) ABV45 + PC CH11, T7)
testigo (plantas sanas), T8) testigo + PC CH11 (plantas
enfermas), T9) testigo quimico y T10) testigo quimico
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6 — No. of dead plants
6

Survival (%) = x 100

Molecular identification of actinobacterium strains

Actinobacterial isolates ABV38, ABV39 and ABV45 were
identified by partial amplification of the 16S rRNA
gene by means of polymerase chain reaction (PCR), for
which the oligonucleotides fD1(5’-CCGAATTCGTCGA-
CAACAGAGTTTGATCCTGGCTCAG-3’) and rD1 (5-CC-
CGGGATCCAAGCTTAAGGAGGTGATCCAGCC-3’) (Weis-
burg, Barns, Pelletier, & Lane, 1991) were used. DNA
extraction, PCR and sequencing of the amplified frag-
ments were performed at the Biotechnology and Seed
Pathology Laboratory of the Colegio de Postgraduados.
The amplified fragments were sequenced in both di-
rections using primers 8F, 1492R, U514, 800R, fD1 and
rD1 (Edwards, Rogall, Blockerl, Emde, & Bottger, 1989;
Stackebrandt & Liesack, 1993).

Consensus sequences of strains ABV38, ABV39 and
ABV45 were compared in the GenBank/EMBL/DDBJ
database through the NCBI (http:/fwww.ncbi.nlm.nih.
gov/) using the BLAST (Basic Local Alignment Search
Tool) program (McGinnis & Madden, 2004). Reference
sequences and those of phylogenetically-related
strains were used with each actinobacterium. The
sequences were aligned with CLUSTAL W (Thompson,
Higgins, & Gibson, 1994) and the phylogenetic
tree construction was performed by means of the
Neighbor-Joining (NJ) method (Saitou & Nei, 1987)
with 1,000 Bootstrap replicates using the MEGA-X
program (Kumar, Stecher, Li, Knyaz, & Tamura, 2018).
The nucleotide substitution model selected for NJ
was Kimura-2 parameters (Kimura, 1980). The partial
16S rRNA gene sequences of strains ABV38, ABV39
and ABV45 were deposited in the GenBank database
under accession numbers MT435538, MT435539 and
MT435540, respectively.

Statistical analysis

The response variables (inhibition and survival
percentage) were subjected to analysis of variance and
Tukey’s mean comparison test (P < 0.05), for which
the StatGraphics Centurion XV (StatPoint Inc., 2005)
statistical package was used. The survival percentage
data were transformed with ArcSenVx prior to analysis.

Results
In vitro antagonistic activity

Strains ABV38, ABV39 and ABV45 had different degrees
of in vitro growth inhibition of PC CH11 (Figure 1).
Pre-incubation (5 days) of strains ABV38, ABV39 and
ABV45 showed significant differences (P < 0.05) in PC
CH11 growth inhibition (with an increase of 14.9, 10.4

+ PC CH11. Los tratamientos se aplicaron en charolas
con las plantas de chile. Una charola contaba con
12 columnas, cada una con seis plantas de chile. Se
excluyeron las columnas extremas de la charola. Las
10 columnas internas se aleatorizaron para aplicar los
tratamientos. La unidad experimental consté de seis
plantas de chile, y los tratamientos se realizaron por
triplicado. El porcentaje de supervivencia de las plantas
se determind con la siguiente férmula:

6 — niim. de plamtas muertas
6

Supervivencia (%) = x 100

Identificacion molecular de las
cepas de actinobacterias

La identificacion de los aislados actinobacterianos
ABV38, ABV39 y ABV45 se realizé mediante la ampli-
ficacién parcial del gen ARNr 16S por medio de la re-
accién en cadena de la polimerasa (PCR, por sus siglas
en inglés), para ello se utilizaron los oligonucleétidos
fD1(5’~CCGAATTCGTCGACAACAGAGTTTGATCCT-
GGCTCAG-3’) y D1 (5-CCCGGGATCCAAGCTTAAG-
GAGGTGATCCAGCC-3’) (Weisburg, Barns, Pelletier, &
Lane, 1991). La extraccién del ADN, la PCR y la secuen-
ciacion de los fragmentos amplificados se realiz6 en el
Laboratorio de Biotecnologia y Patologia de Semillas
del Colegio de Postgraduados. Los fragmentos amplifi-
cados se secuenciaron en ambos sentidos utilizando los
iniciadores 8F, 1492R, U514, 800R, fD1 y rD1 (Edwards,
Rogall, Blockerl, Emde, & Bottger, 1989; Stackebrandt
& Liesack, 1993).

Las secuencias consenso de las cepas ABV38, ABV39
y ABV45 se compararon en la base de datos del
GenBank/EMBL/DDBJ a través del NCBI (http:/[www.
ncbi.nlm.nih.gov/) utilizando el programa BLAST (Basic
Local Alignment Search Tool) (McGinnis & Madden,
2004). Se utilizaron las secuencias de referencia y de
cepas tipo filogenéticamente relacionadas con cada
actinobacteria. Las secuencias se alinearon con
CLUSTAL W (Thompson, Higgins, & Gibson, 1994) y la
construccion del drbol filogenético se realiz6é mediante
el método Neighbor-Joining (NJ) (Saitou & Nei, 1987) con
1,000 replicaciones Bootstrap utilizando el programa
MEGA-X (Kumar, Stecher, Li, Knyaz, & Tamura, 2018).
El modelo de sustitucién de nucleétidos seleccionado
para NJ fue Kimura-2 pardmetros (Kimura, 1980). Las
secuencias parciales del gen ARNr 16S de las cepas
ABV38, ABV39 y ABV45 se depositaron en la base de
datos del GenBank bajo los numeros de accesién
MT435538, MT435539 y MT435540, respectivamente.

Anadlisis estadistico
Las variables respuesta (porcentaje de inhibicién y de
supervivencia) se sometieron a un anadlisis de varianza

y una prueba de comparacién de medias de Tukey
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and 9 %, respectively) compared to treatments without
pre-incubation (Figure 1). Strain ABV39 showed the
lowest reduction (28 %) of PC CH11 mycelial growth
at 5 days of pre-incubation, while strains ABV38 and
ABV45 had an inhibition percentage of 51 and 50 %,
respectively, at the same pre-incubation time (Figure 1 and
2). Results of the in vitro antagonistic activity clearly
indicate the potential of strains ABV38 and ABV45 as
biological control agents of PC CH11, by presenting
significant differences in the inhibition of mycelial
growth of this plant pathogen with respect to strain
ABV39 at any pre-incubation time (Figure 1 and 2).

Biorational control of P. capsici CH11 in vivo

Table 1 presents the survival percentage of serrano
pepper plants in the different treatments. Results
indicate that the BCS of strains ABV45 (T6; 94 %), ABV38
(T2; 77 %) and the chemical control (T10; 100 %), applied

(P < 0.05), para lo cual se emple6 el paquete estadistico
StatGraphics Centurion XV (StatPoint Inc., 2005). Los
datos de porcentaje de supervivencia se transformaron
con ArcSenVx previo a su andlisis.

Resultados
Actividad antagénica in vitro

Las cepas ABV38, ABV39 y ABV45 presentaron diferente
grado de inhibicién del crecimiento in vitro de PC CH11
(Figura 1). La pre-incubacion (5 dias) de las cepas ABV38,
ABV39 y ABV45 mostré diferencias significativas
(P = 0.05) en la inhibicién del crecimiento de PC
CH11 (con un incremento de 14.9, 104 y 9 %,
respectivamente), en comparacién con los tratamientos
sin pre-incubacién (Figura 1). La cepa ABV39 mostro la
menor reduccién (28 %) del crecimiento micelial de
PC CH11 a los 5 dias de pre-incubacién, mientras que
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Pre-incubation days / Dias de pre-incubacion

Figure 1. Behavior of the in vitro growth inhibition ability of Phytophthora capsici CH11 by different strains of
Streptomyces spp. (mean * standard deviation). “‘Means with the same letter within pre-incubation time
(lowercase) or by strains (uppercase) do not differ statistically (Tukey, P < 0.05).

Figura 1. Comportamiento de la capacidad de inhibicioén del crecimiento in vitro de Phytophthora capsici CH11
por distintas cepas de Streptomyces spp. (media * desviacién estdndar). “‘Medias con la misma letra
entre tiempo de pre-incubaciéon (mintscula) o por cepas (mayuscula) no difieren estadisticamente

(Tukey, P < 0.05).
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Pre-incubation time / Tiempo de pre-incubacion

0 days / 0 dias

3 days / 3 dias

Streptomyces sp. ABV38

Streptomyces sp. ABV39 1'! .

\

Streptomyces sp. ABV45

5 days / 5 dias

| P capsici CH11

P capsici CH11 (Control) /
P, capsici CH11 (Testigo)

P, capsici CH11

) P, capsici CH11

Figure 2. In vitro antagonistic activity of different strains of Streptomyces spp. against Phytophthora capsici CH11.
Figura 2. Actividad antagénica in vitro de diferentes cepas de Streptomyces spp. contra Phytophthora capsici CH11.

to pepper plants inoculated with PC CH11, showed
significant differences in the survival percentage
compared to the control (T8; 0 %). Plants treated with
the BCS of strain ABV39 (T4; 0 %) did not show a control
effect of PC CH11.

The in vivo experiment showed that applying the BCS
of strains ABV38 and ABV45 had a suppressive effect
on the wilting of pepper plants caused by PC CH11,
while in the control treatment inoculated with PC
CH11, severe defoliation and wilting was observed
10 days after inoculation with the phytopathogenic
oomycete (Figure 3). The application of the BCS of the
actinobacteria did not affect the survival of pepper
seedlings not inoculated with PC CH11 (Table 1);
however, a decrease in root length was observed due
to the application of the broth culture (Figure 3).

Molecular identification

Comparative analysis of the 16S rRNA gene sequences
of actinobacterial strains ABV38 (1,404 bp), ABV39
(1,403 bp) and ABV45 (1,231 bp) confirmed that
all three strains belong to the genus Streptomyces
(Figure 4). Analysis of these sequences indicated that
strains ABV38, ABV39 and ABV45 are phylogenetically
related to S. thioluteus NBRC 13341 (99.36 %), S. galbus
DSM 40480 (99.29 %) and S. cinnamoneus NBRC 15926
(99.76 %), respectively. However, further studies are
needed to establish whether strains ABV38, ABV39 and
ABV45 represent new species for the genus Streptomyces.

las cepas ABV38 y ABV45 presentaron un porcentaje
de inhibicién de 51 y 50 %, respectivamente, en el
mismo tiempo de pre-incubacién (Figura 1 y 2). Los
resultados de la actividad antagénica in vitro indican
claramente el potencial de las cepas ABV38 y ABV45
como agentes de control biolégico de PC CH11, al
presentar diferencias significativas en la inhibicién
del crecimiento micelial de dicho fitopatégeno con
respecto a la cepa ABV39 en cualquier tiempo de pre-
incubacién (Figura 1y 2).

Control biorracional de P. capsici CH11 in vivo

El Cuadro 1 presenta el porcentaje de supervivencia de
las plantas de chile serrano en los distintos tratamientos.
Los resultados indican que el SNC de las cepas ABV45
(T6; 94 %), ABV38 (T2; 77 %) y el testigo quimico (T10;
100 %), aplicados a plantas de chile inoculadas con
PC CH11, mostraron diferencias significativas en el
porcentaje de supervivencia respecto del testigo (T8;
0 %). Las plantas tratadas con el SNC de la cepa ABV39
(T4; 0 %) no mostraron un efecto de control de PC CH11.

El experimento in vivo demostré que la aplicacién
del SNC de las cepas ABV38 y ABV45 tuvo un efecto
supresor de la marchitez en las plantas de chile
causada por PC CH11, mientras que en el tratamiento
testigo inoculado con PC CH11 se observé una severa
defoliacién y marchitez a los 10 dias después de inocular
al oomiceto fitopatégeno (Figura 3). La aplicacién del
SNC de las actinobacterias no afect6 la supervivencia
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Table 1. Effect of the application of the broth culture supernatant of actinobacterias on the survival percentage
of serrano pepper var. Camino Real plants 10 days after inoculation with Phytophthora capsici CH11.

Cuadro 1. Efecto de la aplicacién del sobrenadante del caldo de cultivo de actinobacterias sobre el porcentaje de
supervivencia de plantas de chile serrano var. Camino Real a los 10 dias después de la inoculacién con
Phytophthora capsici CH11.

Survival (%) /

Treatment/Tratamiento . A
Supervivencia (%)

T1) Streptomyces sp. ABV38 100 a*
T2) Streptomyces sp. ABV38 + P. capsici CH11 77 b
T3) Streptomyces sp. ABV39 100 a
T4) Streptomyces sp. ABV39 + P. capsici CH11 O0c
T5) Streptomyces sp. ABV45 100 a
T6) Streptomyces sp. ABV45 + P. capsici CH11 94 a
T7) Control (healhty plants)/T7) Testigo (plantas sanas) 100 a
T8) Control + P. capsici CH11 (diseased plants)/ 0c
T8) Testigo + P. capsici CH11 (plantas enfermas)

T9) Chemical control/T9) Testigo quimico 100 a
T10) Chemical control + P. capsici CH11/T10) Testigo quimico + P. capsici CH11 100 a

“Means with the same letter do not differ statistically (Tukey, P < 0.05).

“Medias con la misma letra no difieren estadisticamente (Tukey, P < 0.05).

6. 74 8. 10.
1 2 4 Streptomyces Control Control + 9. Chemical control +
(healhty plants) / P, capsiciCH11 ~ Chemical control / P capsici CH11 /

: Streptomyces 3. y
S gyg\z}ggs i sp. ABV38 + Streptomyces REp ;z:)r.ny Lee o B (diseased plants) / 9 10.

P, capsici sp. ABV30 + Streptomyces  p capsici Testigo 8. Testigo quimico  Testigo quimico +
CH11 ABV39 P e Sp. CH11 (plantas sanas)  Testigo + P, capsici CH11
; gquS{CI i P. capsici CH11
g Ianta%enfermas), {

P
-
\

Figure 3. Biorational control of wilt in serrano pepper var. Camino Real plants by actinobacteria 10 days after
inoculation with Phytophthora capsici CH11. Bar = 5 cm.

Figura 3. Control biorracional de marchitez en plantas de chile serrano var. Camino Real mediante actinobacterias
a los 10 dias después de la inoculacion con Phytophthora capsici CH11. Barra = 5 cm.
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Streptomyces roseoverticillatus NBRC 3726 (AB184794)
Streptomyces salmonis NBRC 15865 (NR_112478)
Streptomyces septatus NBRC 13471 (NR_112531)

Streptomyces sp. ABV 45 (MT435540)

Streptomyces cinnamoneus NBRC 15926 (AB184716)
Streptomyces cinnamoneus NBRC 15927 (AB184717)
Streptomyces abikoensis NBRC 13860 (NR_112420)

Streptomyces sp. ABV 38 (MT435538)

Streptomyces thioluteus NBRC 13341 (NR_112375)

Streptomyces thioluteus NBRC 3364 (NR_041203)

—— Streptomyces rameus NBRC 3782 (NR_112497)

Streptomyces sp. ABV 39 (MT435539)

Streptomyces galbus DSM 40480 (X79325)

Streptomyces griseochromogenes NBRC 13413 (NR_112396)

98 Streptomyces globifer NBRC 13775 (AB184472)

81 streptomyces cellostaticus CSSP 188 (NR_043339)

0.01

Streptosporangium fragile DSM 43847 (NR_119195)

Figure 4. Neighbor-Joining phylogenetic tree based on partial 16S rRNA gene sequences showing the phylogenetic
relationships between strains ABV38, ABV39 and ABV45 with other species of the genus Streptomyces.
The numbers beside the branches are Bootstrap values (%). The sequence of Streptosporangium fragile
DSM 43847 was used as an outgroup. The accession number of each sequence is shown in parentheses.

Figura 4.

Bar = 0.01 substitutions per nucleotide position.

Arbol filogenético Neighbor-Joining basado en secuencias parciales del gen ARNr 16S que muestra las
relaciones filogenéticas entre las cepas ABV38, ABV39 y ABV45 con otras especies del género Streptomyces.
Los nimeros a un lado de las ramas son valores Bootstrap (%). La secuencia de Streptosporangium fragile
DSM 43847 se utiliz6 como grupo externo. El nimero de accesion de cada secuencia se muestra entre
paréntesis. Barra = 0.01 sustituciones por posicion de nucleétido.
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Discussion

The genus Streptomyces is a potential source of
biocontrol agents against Phytophthora spp. (Arfaoui
et al, 2018; Sadeghi et al.,, 2017; Thampi & Bhai,
2017). In the present study, the antagonistic activity
of three Streptomyces strains against PC was examined
under in vitro and in vivo conditions. Under in vitro
conditions, strains ABV38 and ABV45 showed the
ability to inhibit mycelial growth of PC CH11 in
direct confrontation, whereas strain ABV39 exhibited
weak activity. Secondary  metabolites  with
antioomycete activity could be involved in
mechanisms inhibiting PC mycelial growth.

Chen et al. (2016) report that the fermented broth of
S. plicatus B4-7 (cell-free) cultured in oatmeal broth
inhibited mycelial growth of P. capsici, P. cinnamomi,
P. palmivora, and P. parasitica by 55, 65, 43.8, and
35 %, respectively. Yang, Zhang, and Li (2019) note
that metabolites from the ethanolic extract of the
fermented broth of S. corchorusii AUH-1 inhibited
the mycelial growth of P. capsici and P. parasitica var.
nicotianae by 67.2 and 78.9 %, respectively. In this
study, Streptomyces sp. ABV38 and ABV45 exhibited
inhibition percentages of 51 and 50 %, respectively,
on PC mycelial growth. However, further studies are
required to determine which metabolite(s) are involved
in the inhibition of P. capsici and their mode of action.

During in vivo evaluation of the BCS of strains ABV38
and ABV45, applied to pepper plants, the broth showed
a suppressive effect on wilt caused by PC CH11. In
studies with treptomyces spp., Nguyen et al. (2012)
showed that the culture supernatant of S. griseus H7602
reduced the wilt of pepper roots inoculated with PC,
and in subsequent studies they demonstrated that
the antioomycete activity was due to pyrrolidone
carboxylic acid (Nguyen et al., 2015). Chen et al. (2016)
demonstrated that the fermented broth obtained from
the growth of S. plicatus B4-7 completely inhibited in
vitro germination of PC zoospores and reduced crown
rot disease by 75 % in bell pepper plants inoculated
with PC zoospores. In this case, the compound purified
from the culture broth with the highest antioomycete
activity was borrelidin. Sellem et al. (2017) found
that the supernatant from the lyophilized culture
of Streptomyces sp. TN258 completely inhibited the
germination of P. ultimum oospores at a concentration
of 12.5 mg-mL".

Regarding secondary metabolites, Lee, Sherman,
and Hwang (2008) found that thiobutacin, isolated
from L. aerocolonigenes VK-A9, exhibited the lysis of PC
zoospores. Islam, Laatsch, and von Tiedemann (2016)
observed the zoosporicidal activity of macrotetrolide
dinactin isolated from Streptomyces sp., as it halted
motility and caused the subsequent lysis of zoospores
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de las pldntulas de chile no inoculadas con PC CH11
(Cuadro 1); sin embargo, se observé una disminucién
de la longitud de las raices debido a la aplicacién del
caldo de cultivo (Figura 3).

Identificacion molecular

El andlisis comparativo de las secuencias del gen
ARNr 16S de las cepas de actinobacteria ABV38 (1,404
pb), ABV39 (1,403 pb) y ABV45 (1,231 pb) confirmé
que las tres cepas pertenecen al género Streptomyces
(Figura 4). El andlisis de dichas secuencias indico
que las cepas ABV38, ABV39 y ABV45 estdn
filogenéticamente relacionadas con S. thioluteus
NBRC 13341 (99.36 %), S. galbus DSM 40480 (99.29 %) y
S. cinnamoneus NBRC 15926 (99.76 %), respectivamente.
No obstante, se necesitan otros estudios para establecer
si las cepas ABV38, ABV39 y ABV45 representan nuevas
especies para el género Streptomyces.

Discusion

El género Streptomyces es una fuente potencial de
agentes de biocontrol contra Phytophthora spp. (Arfaoui
et al, 2018; Sadeghi et al.,, 2017; Thampi & Bhai,
2017). En el presente estudio, se examing la actividad
antagonica de tres cepas de Streptomyces contra PC en
condiciones in vitro e in vivo. En condiciones in vitro,
las cepas ABV38 y ABV45 mostraron la capacidad
de inhibir el crecimiento micelial de PC CH11 en
confrontaciéon directa, mientras que la cepa ABV39
present6 una actividad débil. Metabolitos secundarios
con actividad antioomiceto podrian estar implicados
en los mecanismos de inhibicién del crecimiento
micelial de PC.

Chen et al. (2016) reportan que el caldo fermentado
de S. plicatus B4-7 (libre de células), cultivado en caldo
de avena, inhibi¢ el crecimiento micelial de P. capsici,
P. cinnamomi, P. palmivora y P. parasitica en un 55,
65, 43.8 y 35 %, respectivamente. Yang, Zhang, y Li
(2019) mencionan que los metabolitos del extracto
etandlico del caldo fermentado de S. corchorusii
AUH-1 inhibieron el crecimiento micelial de P. capsici
y P. parasitica var. nicotianae en un 67.2 y 78.9 %,
respectivamente. En este estudio, Streptomyces sp. ABV38
y ABV45 exhibieron porcentajes de inhibicién de 51y
50 %, respectivamente, en el crecimiento micelial de
PC. No obstante, se requieren estudios posteriores
para determinar qué metabolito o metabolitos estdn
implicados en la inhibicién de P. capsici y su modo
de accion.

Durante la evaluacién in vivo del SNC de las cepas
ABV38 y ABV45, aplicado a plantas de chile, el caldo
mostré un efecto supresor de la marchitez causada por
PC CH11. En estudios con Streptomyces spp., Nguyen et
al. (2012) mostraron que el sobrenadante del cultivo de
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of both P. capsici and the phytopathogenic oomycete
Plasmopara viticola. Abdalla et al. (2011) isolated
and purified compounds from the culture broth of
Streptomyces sp. ANK313, a new one (khatmiamycin)
and others already known, which inhibited
motility and caused lysis of P. viticola zoospores.

In this study, the BCS of Streptomyces sp. strains
ABV38 and ABV45 suppressed wilt of pepper plants
when inoculated with PC CH11 zoospores. In vivo test
results suggest that secondary metabolites of BCSs
could be involved in controlling the disease by acting
directly against zoospores. Further studies are needed
to identify which BCS compound(s) are involved in
suppressing wilt caused by PC.

On the other hand, the commercial product Infinito®,
used as a chemical control, exhibited 100 % control
over PC CH11 as the pepper plants showed no evidence
of wilt 10 days after inoculation. In in vitro studies,
fluopicolide and propamocarb hydrochloride have
been shown to have an effect on the reduction of
mycelial growth, sporangium formation, zoospore
motility and germination at different stages of
Phytophthora spp. development (Hu, Hong, Stromberg,
& Moorman, 2007; Toquin, Latorse, & Beffa, 2019).

Although the BC of Streptomyces sp. ABV39 did not
exhibit a wilt-suppressing effect on PC CH11, in
previous studies, co-inoculation of poblano pepper
plants with Streptomyces sp. ABV39 spores and arbuscular
mycorrhizal fungi reduced wilt severity relative to the
PC-inoculated control (Reyes-Tena, Rincén-Enriquez,
Lépez-Pérez, & Quifiones-Aguilar, 2017). The results
suggest that Streptomyces sp. ABV39 is not useful for
biorational control of PC; however, it could be used as
a biocontrol agent.

Conclusions

Streptomyces sp. strains ABV38, ABV39 and ABV45
showed different degrees of control over in vitro growth
of P. capsici CH11 depending on incubation time. The
5-day pre-incubation of the three strains significantly
increased the growth inhibition of P. capsici CH11.
In vivo evaluation showed biorational control of the
culture supernatant of strains ABV38 and ABV45
in the suppression of wilt caused by P. capsici CH11 in
pepper plants under controlled conditions. Molecular
identification of strains ABV38, ABV39 and ABV45
indicated that they belong to the genus Streptomyces.
Overall, strains ABV38 and ABV45 have potential for
biorational control of pepper wilt.
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S. griseus H7602 redujo la marchitez de las raices de
chile inoculadas con PC, y en estudios posteriores
demostraron que la actividad antioomiceto se
debi6é al dcido pirrolidén carboxilico (Nguyen et
al. 2015). Chen et al. (2016) demostraron que el
caldo fermentado obtenido del crecimiento de
S. plicatus B4-7 inhibié completamente la germinacién
in vitro de zoosporas de PC y redujo en un 75 % la
enfermedad de la pudricién de la corona en plantas
de pimiento morrén inoculadas con zoosporas de
PC. En este caso, el compuesto purificado del caldo
de cultivo con mayor actividad antioomiceto fue la
borrelidina. Sellem et al. (2017) encontraron que el
sobrenadante del cultivo liofilizado de Streptomyces
sp. TN258 inhibié completamente la germinacién
de oosporas de P. ultimum a una concentraciéon de
12.5 mg-mL™.

En cuanto a los metabolitos secundarios, Lee, Sherman,
y Hwang (2008) encontraron que la tiobutacina,
aislada de L. aerocolonigenes VK-A9, exhibié la lisis
de zoosporas de PC. Islam, Laatsch, y von Tiedemann
(2016) observaron la actividad zoosporicida del
macrotetrolido dinactina aislado de Streptomyces sp.,
ya que detuvo la motilidad y causé la subsecuente lisis
de zoosporas de P. capsici y del oomiceto fitopatégeno
Plasmopara viticola. Abdalla et al. (2011) aislaron y
purificaron compuestos del caldo de cultivo de
Streptomyces sp. ANK313, uno nuevo (khatmiamicina) y
otros ya conocidos, los cuales inhibieron la motilidad
y ocasionaron la lisis de las zoosporas de P. viticola.

En este estudio, el SNC de las cepas de Streptomyces sp.
ABV38 y ABV45 suprimi6 la marchitez de las plantas
de chile cuando se inocularon con zoosporas de PC
CH11. Los resultados de la prueba in vivo sugieren que
los metabolitos secundarios de los SNC podrian estar
implicados en el control de la enfermedad al actuar
directamente contra las zoosporas. Estudios posteriores
son necesarios para identificar qué compuesto o
compuestos del SNC estdn implicados en la supresiéon
de la marchitez causada por PC.

Por otra parte, el producto comercial Infinito®, utilizado
como control quimico, exhibi6 un 100 % de control
sobre PC CH11 al no presentar plantas de chile con
marchitez a los 10 dias después de la inoculacién. En
estudios in vitro, se ha demostrado que el fluopicolide
y el propamocarb clorhidrato tienen efecto en la
reduccion del crecimiento micelial, la formacién
de esporangios, la motilidad de las zoosporas y su
germinacion en las distintas etapas de desarrollo de
Phytophthora spp. (Hu, Hong, Stromberg, & Moorman,
2007; Toquin, Latorse, & Beffa, 2019).

A pesar de que el SNC de Streptomyces sp. ABV39 no
exhibié un efecto supresor de la marchitez de PC
CH11, en estudios previos, la co-inoculacién de plantas
de chile poblano con esporas de Streptomyces sp.
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