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Resumen. Fusarium oxysporum causa la pudri-
cion del cormo en gladiolo provocando pérdidas
de hasta el 100%. Se seleccionaron aislados de Fu-
sarium a partir de cormos infectados, se identifico
morfologica y molecularmente y se seleccion6 un
aislado a partir de prueba de patogenicidad. Se se-
leccioné entre 22 aislados de estreptomicetos una
cepa que presentd una actividad antagonista del
40% contra Fusarium. Se obtuvo el Extracto Bio-
activo (EB) mediante Fermentacion en Fase Solida
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Abstract.
gladiolus corm rot and production damage
could reach up to 100%. Fusarium isolates were
selected from infected corms, one of them was
morphologically and molecularly identified, and
was selected from pathogenicity testing. One
strain from 22 streptomycetes isolates that showed
a 40% antagonist activity against Fusarium was
selected. Bioactive extract (BE) was obtained
by Solid Phase Fermentation and the minimum
inhibitory concentration (MIC) and minimum
lethal concentration (MLC) were determined by
the microdilution method. A MIC of 0.19 mg mL"!
and an MLC of 0.38 mg mL™! were obtained, which
was confirmed with a conidia germination test at 8
h, which showed inhibition percentage of 17 and
98% for Y4 and 2 of the MIC. The effect of BE was
evaluated at 1 and 2 MIC’s concentration against
corm rot in infected gladiolus corm, obtaining a
protective effect of gladiolus corms and maintaining
their hardness after 15 days, in comparison with

Fusarium  oxysporum  causes
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y se determind la concentracion minima inhibitoria
(MIC) y concentraciéon minima letal (MLC) por el
método de microdilucion. Se obtuvo una MIC para
el EB de 0.19 mg mL"' y una MLC de 0.38 mg mL",
que se confirmo con un ensayo de germinacion de
microconidios a 8§ h, mostrando un porcentaje de
inhibicion del 17 y 98% para /4y 2 de la MIC. Se
evaluo el efecto del EB a 1 y 2 MIC’s de concen-
tracion contra la pudricion en cormos de gladiolo
infectados, obteniendo un efecto protector en los
cormos al mantener su dureza después de 15 dias,
en comparacion con el fungicida Carbendazim. Los
resultados indican a Streptomyces sp., como un po-
tencial agente de control bioldgico contra F. oxys-
porum.

Palabras clave: Gladiolus grandiflorus, Actin-
obacterias, actividad antifiingica, cormos, efecto
protector.

En México, el cultivo de gladiolo (Gladiolus
grandiflorus) es considerado el tercer cultivo orna-
mental por su importancia econémica, con un valor
de produccion de 1,136 360.17 miles de pesos du-
rante el 2020 (SIAP, 2020). Sin embargo, diversos
factores pueden disminuir el volumen y calidad de
la produccioén del gladiolo, entre los que sobresalen
problemas fitosanitarios ocasionados por hongos,
bacterias y virus (Elmer y Kamo, 2018).

La pudricién del cormo, inducida por Fusarium
oxysporum f sp. gladioli, es una de las enferme-
dades mas importantes del gladiolo, al provocar la
marchitez y amarillamiento de hojas y una pudri-
cion seca en la base del cormo que afecta la calidad
de la vara floral (Khan et al., 2017). La pudricion
del cormo se observa como un cambio en la colora-
cioén que va, de marrén claro a marrén oscuro a ne-
gro y finaliza con la momificacion del cormo. Cuando
la infeccion ocurre en los cormos almacenados en
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the fungicide Carbendazim. These results indicate
Streptomyces sp., as a potential biological control
agent against F. oxysporum.

Gladiolus
Actinobacterias, fungal activity, corms, protective
effect.

Key words: grandiflorus,

In Mexico, the gladiolus crop (Gladiolus
grandiflorus) is considered the third most
economically important ornamental crop, with a
production value of over 1.1 billion pesos in 2020
(SIAP, 2020). However, several factors may reduce
the volume and quality of the gladiolus production,
including phytosanitary problems caused by fungi,
bacteria and viruses (Elmer and Kamo, 2018).

Corm rot, induced by Fusarium oxysporum f sp.
gladioli, is one of the most important disease in the
gladiolus, since it causes the wilting and yellowing
of leaves and a dry rot in the base of the corm that
affects the quality of the floral rod (Khan et al.,
2017). The appearance of the corm rot is a change
in coloring which goes from light maroon to dark
maroon to black and ends with the mummification
of the corm. When the infection takes place in
refrigerated corms, it causes a severe infection
which may lead to the death of the plant and/or
economic losses of 60 to 100% of the production
(Khan et al., 2017; Elmer y Kamo, 2018).

Fusarium oxysporum is a cosmopolitan fungus
that can survive for years in the soil without the
presence of the host. On the other hand, the use of
fungicides based on benzimidazoles and azoles is
the commonly used control method. Considering
that the persistence of the pathogen increases the
use of agrochemicals for the phytosanitary control
of the crops, another series of problems arises, such
as the selection of strains of the pathogen that resist
these products, the increase in production costs, and
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refrigeracion, ocasiona una infeccidon severa que
puede llevar a la muerte de la planta y/o pérdidas
econdmicas del 60 al 100% de la produccion (Khan
et al.,2017; Elmer y Kamo, 2018).

Fusarium oxysporum es un hongo cosmopoli-
ta que puede sobrevivir por afios en el suelo sin la
presencia del hospedante. Por otra parte, el uso de
fungicidas a base de bencimidazoles y azoles es el
método de control utilizado generalmente. Con-
siderando que la persistencia del patdégeno incre-
menta la aplicacion de agroquimicos para el control
fitosanitario de los cultivos, se genera otra serie de
problemas como: la seleccion de cepas del patoge-
no resistente a estos productos, el incremento de
costos de produccion, ademas los riesgos de dano
al ambiente y la salud humana, los cuales son cada
vez mayores (Al-Hatmi et al., 2019; Marx-Stoel-
ting et al., 2020).

Considerando lo anterior, es necesario llevar a
cabo la busqueda de alternativas econdmicas y eco-
logicamente viables para el manejo de este pato-
geno (Alizadeh et al., 2020). Entre las alternativas
econdmica y ambientalmente sustentables, se en-
cuentra el uso de microorganismos para el control
de diversos hongos y bacterias fitopatogenas (Go-
redema et al., 2020). Al respecto, se han reportado
bacterias del género Streptomyces como antagonis-
tas a diversos hongos patdogenos. El antagonismo
de los estreptomicetos se debe a la produccion de
metabolitos secundarios con actividad fungicida en
combinacioén con enzimas extracelulares del tipo
quitinasas y pectinasas (Pedroza et al., 2019; Da-
nial et al., 2020; Tlemsani et al., 2020; Zhang et
al., 2020). La cepa CACIS-1.16CA (Streptomyces
sp.) es una especie que produce una mezcla de me-
tabolitos de color amarillo solubles en agua, que
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the risk of damages to the environment and human
health, which are increasingly larger (Al-Hatmi et
al., 2019; Marx-Stoelting et al., 2020).

Considering this, it is crucial to search for cheap
and ecologically viable alternatives for the control
of this pathogen (Alizadeh et al., 2020). One of the
cheap and environmentally sustainable alternatives
is the use of microorganisms to control diverse
fungi and phytopathogenic bacteria (Goredema
et al., 2020). In this regard, bacteria of the genus
Streptomyces have been reported as antagonists
to several pathogenic fungi. The antagonism of
the streptomycetes is due to the production of
secondary metabolites with fungicidal activity in
combination with extracellular enzymes of the type
of chitinases and pectinases (Pedroza et al., 2019;
Danial et al., 2020; Tlemsani ef al., 2020; Zhang et
al.,2020). The strain CACIS-1.16CA (Streptomyces
sp.) is a species that produces a mixture of yellow
metabolites, which are soluble in water and have an
inhibiting effect on the growth of phytopathogenic
fungi in the genera Curvularia, Aspergillus,
Helminthosporium, Fusarium, Alternaria,
Phytophthora, Colletotrichum and Rhizoctonia
(Evangelista-Martinez, 2014). In the biopesticide
market there are two commercial products that are
based on Streptomyces species, such as S. lydicus
WYEC108 and S. griseoviridis K61, both of which
control species of Fusarium spp. in different crops
(Evangelista-Martinez et al., 2020; Shrestha et al.,
2020). The aim of this investigation was to select
antagonistic streptomycetes against F. oxysporum
and to evaluate, in vitro and in vivo, the inhibiting
activity of the bioactive extract of Streptomyces
sp. isolations to control the rotting of corms in
gladiolus.
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ejercen un efecto inhibitorio sobre el crecimiento
de hongos fitopatogenos de los géneros Curvula-
ria, Aspergillus, Helminthosporium, Fusarium, Al-
ternaria, Phytophthora, Colletotrichum y Rhizoc-
tonia (Evangelista-Martinez, 2014). En el mercado
de los biopesticidas, existen dos productos comer-
ciales que se basan en especies de Streptomyces,
tal como S. lydicus WYEC108 y S. griseoviridis
K61, ambas controlan especies de Fusarium spp.,
en diferentes cultivos (Evangelista-Martinez ef al.,
2020; Shrestha et al., 2020). El objetivo de este tra-
bajo fue seleccionar estreptomicetos antagonistas
contra F. oxysporum y evaluar in vitro e in vivo la
actividad inhibitoria del extracto bioactivo de aisla-
dos de Streptomyces sp., para controlar el desarro-
llo de pudricion en cormos de gladiolo.

MATERIALES Y METODOS

Aislamiento y caracterizacion del hongo patége-
no. A partir de un lote de 60 cormos de gladiolo de
la variedad borrega blanca, provenientes del Estado
de México y con sintomas de pudricion del cormo
(Figura 1), se seleccionaron seis cormos a partir
de los cuales se aisld y purifico a tres aislados del
hongo Fusarium sp. (GL1, GL2 y GL3). Se obtu-
vieron cultivos monospdricos siguiendo el protoco-
lo reportado por Gonzalez-Pérez et al. (2009) y se
mantuvieron en cajas de Petri con medio de cultivo
agar, dextrosa y papa (PDA), incubados en oscuri-
dad a una temperatura de 27 °C.

La caracterizacion morfologica de los hongos
aislados se realizo de acuerdo con caracteres des-
critos por Leslie ef al. (2006). La identificacion a
nivel de género se realizd6 comparando las caracte-
risticas morfoldgicas de la colonia (forma y color
de la colonia, tipo de hifas, presencia de clamidos-
poras, macro y microconidios) y se registraron la
forma, longitud y ancho de 50 macroconidios y 50
microconidios seleccionados al azar.
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MATERIALS AND METHODS

Isolation and characterization of the pathogenic
fungus. From a plot of 60 gladiolus corms of the
borrega blanca variety from the State of Mexico
and with symptoms of corm rot (Figure 1), six
corms were chosen, out of which three isolations
of the fungus Fusarium sp. were isolated and
purified (GL1, GL2 y GL3). Monosporic cultures
were obtained, following the protocol reported
by Gonzélez-Pérez et al. (2009). They were then
stored in Petri dishes with a potato, dextrose and
agar (PDA) culture medium, and incubated in the
dark at a temperature of 27 °C.

The morphological characterization of the fungi
was carried out according to the characteristics
described by Leslie et al. (2006). The identification
at a genus level was carried out by comparing the
morphological characteristics of the culture (shape
and color of the culture, type of hyphae, presence of
chlamidospores, macro and microconidia) and the
shape, length and width of 50 macroconidia and 50
microconidia, chosen at random, were registered.

Molecular identification. Out of one of the
three Fusarium spp. isolations, one monosporic
culture of the isolation GL1 was chosen for
its pathogenicity and growth rate in vitro. The
molecular identification of the fungus was carried
out with DNA extraction, following the extraction
protocol with DNazol (Life Technologies), with
some modifications. The amplification by PCR
of the fragments of the gene that codifies for
B-Tubulin was carried out with oligonucleotides
T1 (5"-AACATGCGTGAGATTGTAAGT-3") and
T2 (5'-TAGTGACCCTTGGCCCAGTTG-3")
(O’Donell and Cigelnik, 1997), Histone 3 with
oligonucleotides H3-1b  (5'-CGCGGCGAGA
CTGGATGTCCTT-3"), H3-la (5'-ACTAAGCA
GACCGCCCGCAGG-3") (He et al, 2017),
elongation factor la with oligonucleotides EF-1
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Figura 1. Cormos de gladiolo asintomaticos de la variedad borrega blanca (A). Cormos con sintomas de pudricion donde
se aislo a K. oxysporum (B), los cuales fueron reproducidos mediante dos heridas, realizadas con tres punciones y
deposicion de una solucién de 5 pL de conidios a una concentracion de 2.4 x10 conidios mL"' de F oxysporum
GL1 (C). El corte perpendicular en el sitio de las heridas, muestra que a los 20 dias después de la inoculacion, la
pudricién avanza en el interior del cormo (D) y después de tres a cuatro meses el cormo presenta una pudricién

seca y oscura (E).

Figure 1. Corms from asymptomatic gladiolus of the variety borrega blanca (A). Corms with symptoms of rotting where F.
oxysporum was isolated (B), which were reproduced with two cuts made with three punctures and the addition of
5 pL of a conidia solution at a concentration of 2.4 x10 conidia mL™" of F. oxysporum GL1 (C). The perpendicular
cut in the place of the wounds shows that 20 days after inoculation, rotting progresses inside the corm (D) and after
three to four months, the corm displays a dry and dark rot (E).

Identificacién molecular. A partir de uno los tres
aislados de Fusarium spp., se selecciono por su pa-
togenicidad y velocidad de crecimiento in vitro, una
colonia monoesporica del aislado GL1. La identi-
ficacion molecular del hongo se realizé mediante
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(5'-ATGGGTAAGGA(A/G)GACAAGAC-3"),
EF-2 (5-GGA(G/A)GTACCAGT(G/C)ATCATG
TT-3") (Herkert et al., 2019), and finally, region
ITS, using the universal oligonucleotides 1TS4
(5'-TCCTCCGCTTATTGATATGC-3") and ITSS5
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la extracciéon de ADN, siguiendo el protocolo de
extraccion con DNazol (Life Technologies), con
algunas modificaciones. La amplificacion por
PCR de los fragmentos del gen que codifica para
la B-Tubulina se realizé con los oligonucleétidos
T1 (5-AACATGCGTGAGATTGTAAGT-3") y
T2 (5'-TAGTGACCCTTGGCCCAGTTG-3")
(O'Donell & Cigelnik, 1997), Histona 3 con los
oligonucledtidos H3-1b (5'-CGCGGCGAGACT-
GGATGTCCTT-3"), H3-1a (5'-ACTAAGCAGA-
CCGCCCGCAGG-3") (He et al., 2017), factor
de elongacion-la con los oligonucledtidos EF-1
(5'-ATGGGTAAGGA(A/G)GACAAGAC-3'),
EF-2 (5'-GGA(G/A)GTACCAGT(G/C)ATCATG-
TT-3") (Herkert et al., 2019) y finalmente la region
ITS utilizando oligonucledtidos universales 1TS4
(5'-TCCTCCGCTTATTGATATGC-3") e ITS5
(5'-GGAAGTAAAAGTCGTAACAAGG-3')  si-
guiendo el protocolo y condiciones de amplifica-
cion reportados previamente (Betancourt-Resendes
et al., 2012; Uc-Varguez et al., 2018). Los frag-
mentos amplificados fueron purificados y enviados
para su secuenciacion a MACROGEN en Korea.
La secuencia resultante, fue editada con el progra-
ma edit sequence (DNASTAR) y posteriormente se
compararon con secuencias reportadas en la base
de datos del NCBI, con ayuda del algoritmo de
BLAST disponible en Internet.

Preparacion del inéculo. La suspension de coni-
dios empleada para obtener la MIC, MLC y para
los experimentos de infeccion de los cormos, se
prepar6 a partir de un cultivo del hongo crecido
por 11 dias en cajas Petri con medio PDA. A una
caja Petri con el hongo, se le agrego6 5 mL de agua
destilada estéril para remover la masa de conidios.
La suspension se filtrd a través de varias capas de
gasa y algodon para descartar residuos de micelio.
La suspension se centrifugd a 6000 rpm/10 min a
25 °C. El precipitado de conidios se lavo dos veces
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(5'-GGAAGTAAAAGTCGTAACAAGG-3'),
following the protocol and amplification conditions
reported earlier (Betancourt-Resendes et al.,
2012; Uc-Varguez et al., 2018). The amplified
fragments were purified and sent for sequencing
to MACROGEN in Korea. The resulting sequence
was edited using a sequence editing program
(DNASTAR) and later compared with sequences
reported in the NCBI data base, using the BLAST
algorithm available on the Internet.

Preparation of the inoculant. The conidial
suspension used to obtain the MIC, MLC and for
the corm infection experiments was prepared from
a culture of the fungus grown for 11 days in Petri
dishes with PDA medium. One Petri dish with the
fungus was added 5 mL of sterile distilled water to
remove the mass of conidia. The suspension was
filtered through several layers of gauze and cotton
to discard mycelial residues. The suspension was
centrifuged at 6000 rpm/10 min at 25 °C. The
conidial precipitate was washed twice with sterile
distilled water, then resuspended and, using a
Neubauer chamber, the concentration was adjusted
to 1x10° conidia mL™"' or 2.4 x 10°, according to
the activity to be carried out in vitro or in vivo,
respectively.

Pathogenicity test of the Fusarium sp. isolation.
The pathogenicity of the fungus isolations was
verified by inoculating 30 gladiolus corms. All
corms were disinfected by submersion into a 0.3%
NaOCl1 solution for 2 min, rinsed with sterile
distilled water for 1 min, followed by submersion
in 70% ethanol for 2 min and rinsed with sterile
distilled water for 1 min. Finally, the excess
moisture was eliminated using sterile paper towels
(Gonzalez-Pérez et al., 2009).

The disinfected
experimentally, with two cuts made in the upper

corms were inoculated
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con agua destilada estéril, luego se resuspendio y
con ayuda de la camara de neubauer se ajusto la
concentracion a 1x10° conidios mL"' o 2.4 x 10°
segun la actividad a realizar in vitro o in vivo res-
pectivamente.

Prueba de patogenicidad del aislado de Fusa-
rium sp. La patogenicidad de los aislados del hon-
go se verifico mediante inoculacion de 30 cormos
de gladiolo. Todos los cormos fueron desinfectados
por inmersion en una solucion de NaOCl al 0.3%/2
min, enjuagados con agua destilada estéril/l1 min,
seguido por una inmersion en etanol al 70%/2 min,
y enjuagados con agua destilada estéril/1 min. Al
final, el exceso de humedad se elimind con papel
absorbente estéril (Gonzalez-Pérez et al., 2009).

Los cormos desinfectados fueron inoculados
experimentalmente, mediante dos heridas hechas
en la parte superior del cormo con tres punciones
(por herida) realizadas con un palillo estéril. Poste-
riormente, en cada herida se depositd 5 pL. de una
solucion de 2.4x10° conidios mL! de F oxyspo-
rum, obtenidos de una colonia con 11 dias de creci-
miento en medio PDA. Todos los cormos incluyen-
do controles inoculados con agua destilada estéril,
fueron incubados en condiciones de oscuridad en
una camara bioclimatica a 25 °C y 70% de hume-
dad. El registro sintomatologico se realizo a inter-
valos de cinco dias durante 30 dias. Finalmente, los
cormos se mantuvieron por cuatro meses bajo las
mismas condiciones y solo se registro el sintoma
final (Gonzalez-Pérez et al., 2009).

Crecimiento de Streptomyces spp. Cultivos de
22 cepas de Streptomyces se obtuvieron del ban-
co de germoplasma de Actinomicetos conservado
en la Subsede Sureste del CIATEJ, provenientes
de suelos de Aguascalientes, Campeche, Hidalgo y
Yucatan. Adicionalmente, en los ensayos se utilizo
como cepa control a Streptomyces lydicus WYEC
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part of the corm with three punctures (per cut) with
a sterile toothpick. Later, in each cut, we placed
5 uL of a solution of 2.4x10° conidia mL"' of F
oxysporum, obtained from a culture with 11 days
of growth in a PDA medium. All corms, including
the controls inoculated with sterile distilled
water, were incubated in the dark in a bioclimatic
chamber at 25 °C and 70% humidity. Symptoms
were recorded in intervals of five days for 30 days.
Finally, the corms were kept for four months under
the same conditions and only the final symptom
was recorded (Gonzalez-Pérez et al., 2009).

Growth of Streptomyces spp. Cultures of 22
strains of Streptomyces were obtained from the
Actinomycetes germplasm bank in the CIATEJ
of the southeast, taken from soils from the states
Aguascalientes, Campeche, Hidalgo and Yucatan.
Additionally, in the trials, Streptomyces lydicus
WYEC 108 was used as a control strain. All strains
were grown in an International Streptomyces
Project 2 (ISP 2) agar medium, at a temperature of
29 °C for 14 days. For the antagonism experiments,
a general inoculant (GI) was prepared, consisting
of spores from each strain at a concentration of 108
UFC mL™! (Evangelista-Martinez, 2014).

Antagonistic evaluation of streptomycetes
against F. oxysporum. The antagonistic activity
of the 22 Streptomyces strains was carried out
by dual confrontation tests in an ISP2 medium
(Evangelista-Martinez et al., 2020). We inoculated
3 mL of the GI on the edge of the Petri dish with
the ISP 2 medium, and in the middle of the dish,
we placed an agar disk with active mycelia from
a F oxysporum culture with an 11-day growth in
PDA. The cultures were kept at 29 °C for 11 days
and the growth of the fungus was measured, in
the direction of a streptomycete, using a digital
caliper (Caldi-6MP Truper). The percentage of
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108. Todas las cepas se crecieron en medio agar
International Streptomyces Project 2 (ISP 2) a una
temperatura de 29 °C durante 14 dias. Para los ex-
perimentos de antagonismo se prepard un inoculo
general (IG) que consistid de esporas de cada cepa
a una concentracion de 10* UFC mL"' (Evangelista-
Martinez, 2014).

Evaluacion antagénica de estreptomicetos con-
tra F. oxysporum. La actividad antagénica de las
22 cepas de Streptomyces se realizdo mediante ensa-
yos de confrontacion dual en medio ISP2 (Evange-
lista-Martinez et al., 2020). Se inocularon 3 mL del
IG en el borde de la caja Petri con el medio ISP 2y
al centro de la caja se depositd un disco de agar con
micelio activo de un cultivo de £ oxysporum de 11
dias de crecimiento en PDA. Los cultivos se man-
tuvieron a 29 °C durante 11 dias y se midio el cre-
cimiento del hongo en direccion del estreptomiceto
mediante un vernier digital (Caldi-6MP Truper). El

porcentaje de inhibicion (PI) se calcul6 a partir de
(FR - AR)
FR * 100
representa el radio de crecimiento (mm) del hongo
en la caja control y “AR” es el radio de crecimien-
to del hongo en direccion al crecimiento de Strep-
tomyces (Dikhoba et al., 2019).

la formula: PT (%) = en donde “FR”

Obtencion del extracto bioactivo (EB) de Strep-
tomyces sp. El extracto bioactivo de los dos aisla-
dos con mayor actividad antagonica (Streptomyces
sp. GCAL-9 y CACIS 1.6 CA), se obtuvo mediante
una fermentacion en fase solida (FES) empleando
espuma de poliuretano (Evangelista-Martinez et
al., 2020). El soporte tenia una dimension de 12
x 10 x 2.5 cm, al cual se le agregd 70 mL de cal-
do ISP2 inoculado con una suspension de esporas
de cada uno de los estreptomicetos, ajustando la
turbidez a una DO, de aproximadamente 1.0. La
FES se realizé en recipientes de plastico estéril
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inhibition (PI) was calculated using the formula
(FR - AR)

FR * 100
growth radius (mm) of the fungus in the control

dish and “AR” is the radius of the fungal growth
in the direction of the growth of Streptomyces
(Dikhoba et al., 2019).

PI (%) = , where “FR” represents the

Obtaining the Bioactive extract (BE) of
Streptomyces sp. The bioactive extract of the two
isolations with the greatest antagonistic activity
(Streptomyces sp. GCAL-9 and CACIS 1.6 CA)
was obtained by fermentation in a solid phase
(FES), using polyurethane foam (Evangelista-
Martinez et al., 2020). The support measured 12 x
10 x 2.5 ¢cm, and 70 mL of ISP2 broth, inoculated
with a suspension of spores from each one of the
streptomycetes was added, adjusting the turbidity to
a DO, of approximately 1.0. The FES was carried
out in sterile plastic containers for the in vitro
cultivation of plants. The ISP2 broth was inoculated.
The dishes were then closed and incubated in the
dark at 29 °C for 21 days. The BE produced was
separated from the cells by a series of filtrations,
starting with Whatman No 3. Filter paper, followed
by Whatman No. 1, 0.65 um micropore filter, and
ending in a 0.22 pm Micropore filter. The extract
was stored at 4 °C until use (Evangelista-Martinez
et al.,2020).

MIC and MLC with the method of microdilution.
The minimum inhibiting concentration of the
bioactive extract was carried out using 96 well
plates in the potato dextrose broth medium (PDB)
as per the Clinical and Laboratory Standards
Institute (CLSI, 2017). The MIC tests were carried
out in sterile microplates with 96 wells containing
100 pL of PDB broth. Later, the samples to be
evaluated were added in each well of the first
column, ending with a volume of 200 pL. The wells
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para cultivo in vitro de plantas. El caldo ISP2 se
inoculd. Posteriormente, las cajas se cerraron ¢ in-
cubaron en condiciones de oscuridad a 29 °C por
21 dias. El EB producido se separd de las células
mediante filtraciones en serie, iniciando con papel
filtro Whatman No 3., seguido de papel Whatman
No. 1, filtro micropore de 0.65 um hasta terminar
con un filtro Micropore de 0.22 um. El extracto se
almaceno a 4 °C hasta su uso (Evangelista-Marti-
nez et al., 2020).

MIC y MLC por el método de microdilucion.
La concentracion minima inhibitoria del extracto
bioactivo se realizé empleando placas de 96 pozos
en el medio caldo papa dextrosa (PDB) de acuer-
do a la Clinical and Laboratory Standards Institu-
te (CLSI, 2017). Las pruebas MICs se realizaron
en microplacas estériles de 96 pozos conteniendo
100 uL de caldo PDB. Posteriormente, a cada pozo
ubicado en la primera columna se le adicionaron las
muestras a evaluar, finalizando con un volumen de
200 pL. Los pozos de la primera columna con las
diferentes muestras, se homogenizaron y tomaron
100 pL de cada pozo y colocaron en los pozos de
la segunda columna y asi sucesivamente, de mane-
ra que la concentracion en el primer pozo quedo a
la mitad respecto a la concentracion en la solucion
(two-fold dilutions). Una vez terminadas las dilu-
ciones, a cada pozo se le agregd 100 pL de conidios
ajustados a 1 X 10° conidios mL"', se mezclaron y
mantuvieron en incubacion a 29 °C. La inhibicion
del crecimiento del hongo se determind a las 24, 48
y 72 h mediante adicion de resazurina (Barua et al.,
2017). La resazurina se empled como indicador de
crecimiento del hongo, cuando la solucion fue de
color azul se consideré inhibicién del crecimiento,
mientras que la coloracidn rosa indic6 crecimiento
o ausencia de inhibicion. La MIC se definié como
la menor concentracion del EB que inhibio el cre-
cimiento de F. oxysporum.
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of the first column with the different samples were
homogenized and 100 pL were taken from each
well and placed in the wells of the second column,
and so on, so the concentration in the first well is
half of that of the concentration of the solution
(two-fold dilutions). After finishing the dilutions,
100 pL of conidia were added, adjusted to 1 X
105 conidia mL™'; they were mixed and incubated
at 29 °C. The inhibition of the fungal growth
was determined after 24, 48 and 72 h by adding
resazurin (Barua et al., 2017). The resazurin was
used as a fungal growth indicator, and when the
solution turned blue, it indicated growth inhibition,
whereas when it was pink, it indicated growth or
the absence of inhibition. The MIC was defined as
the lowest concentration of the BE that inhibited
the growth of F. oxysporum.

The value of the minimum lethal concentration
(MLC) was determined when subcultivating
directly from the plate used to calculate the MIC,
5 uL for the cell mass of the fungus of each well in
the microplate with PDB broth. The cultures were
kept at 29 °C for three days until mycelial growth
was observed. The fungal growth after this period
indicated fungistatic control, whereas the absence
of growth indicated fungicidal activity of the BE.
The MLC was defined as the lowest concentration
in which there was no growth of the fungus. The
BE of Streptomyces sp., GCAL-9 and CACIS 1.6
CA was analyzed in duplicate in two independent
experiments. As the growth control, the product
carbendazim (Syngenta) was used, prepared at a
concentration of 72.8 mg mL™".

Effect of the BE on the germination of
microconidia. The inhibiting activity of the BE
was evaluated with a test of the inhibition of the
germination of the conidia. The test was carried
out on a slide with a well with a final volume of
40 pL containing 20 pL of PDB broth mixed with
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Elvalor de la concentracién minima letal (MLC)
se determino al subcultivar directamente de la pla-
causada para el calculo de la MIC, 5 mL de la masa
celular del hongo de cada pozo en microplaca con
caldo PDB. Los cultivos se mantuvieron a 29 °C
por tres dias hasta observar crecimiento micelial. El
crecimiento del hongo después de este periodo fue
indicativo de control fungistatico, mientras que la
ausencia de crecimiento indico actividad fungicida
del EB. La MLC se definié como la menor concen-
tracion en la que no existid crecimiento del hongo.
El EB de Streptomyces sp., GCAL-9 y CACIS 1.6
CA, se analiz6 por duplicado en dos experimentos
independientes. Como control de crecimiento se
empled el producto carbendazim (Syngenta) prepa-
rado a una concentracion de 72.8 mg mL™.

Efecto del EB sobre la germinacion de microco-
nidios. La actividad inhibitoria del EB se evalud
mediante un ensayo de inhibicion de la germinacion
de los conidios. El ensayo se realiz6 en portaobje-
tos con cavidad en 40 puL de volumen final que
contenia 20 pL de caldo PDB mezclado con 10 uLL
de la suspension de conidios de F. oxysporum (10°
conidios mL™") mas 10 pL de la soluciéon del EB
a diferentes concentraciones. Las concentraciones
evaluadas fueron a ¥4, 5, 1,4, 6 y 8 MIC’s (0.0475,
0.095, 0.19, 0.38, 1.14, 1.52 mg mL™"). Enseguida
se colocd un cubreobjetos y se mantuvieron en una
camara humeda a 29 °C en oscuridad. Como con-
trol se uso6 agua destilada estéril. El efecto sobre la
germinacion se determind cada hora durante 8 ho-
ras de crecimiento, empleando un microscopio in-
vertido (modelo Olympus), contabilizando 100 co-
nidios al azar, separando los conidios germinados
de los que atn no lo estaban (Evangelista-Martinez
et al., 2020). El experimento se llevo a cabo por tri-
plicado y la evaluacion se baso en la presencia del
tubo de germinacidn. Un conidio se considero ger-
minado, si el tubo de germinacion alcanzo el doble

PUBLICACION EN LINEA, SEPTIEMBRE 2021

10 pL of the suspension of F. oxysporum conidia
(10° conidia mL™!) plus 10 uL of the BE solution
at different concentrations. The concentrations
evaluated were %, ', 1, 4, 6 and 8 MIC’s (0.0475,
0.095, 0.19, 0.38, 1.14, 1.52 mg mL™"). A slide was
then placed and kept in a humid chamber at 29 °C
in the dark. Sterile distilled water was used as a
control. The effect on germination was determined
every hour for 8 hours of growth, using an inverted
microscope (Olympus), counting 100 conidia at
random, separating the germinated conidia from
the yet ungerminated ones (Evangelista-Martinez
et al., 2020). The experiment was carried out
in triplicate and the evaluation was based on the
presence of the germination tube. A conidium was
considered germinated if the germination tube
reached a diameter twice that of the diameter of the
conidium. Results were expressed as the percentage
of germinated conidia (PG) in comparison with the
control, based on the following formula (Zhang et
al., 2020):

Number of

Percentage of germinated conidia

germinated

x 100
Number of
total conidia

Fungicidal activity of the BE. The fungicidal
potential of the BE on F. oxysporum was evaluated
by carrying out spore germination tests at different
concentrations and following up on different times
of contact with the conidia. The experiments
were carried out using the microdilution method
described earlier. The concentrations of the BE
were 1, 2 and 3 MIC’s. Carbendazim at 72.8 mg
mL"! was used as a positive control. After mixing
the PDB broth and the BE, 100 uL of the conidia
suspension were added and homogenized. Every
hour for 4 h, 5 uL of the suspension were taken
from each mixture and placed in Petri dishes with
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del diametro del conidio. Los resultados se expre-
saron como el porcentaje de conidios germinados
(PG) comparado al control, con base a la siguiente
formula (Zhang et al., 2020):

Numero de conidios

Porcentaje de _ germinados

germinacion x 100

Numero total
de conidios

Actividad fungicida del EB. El potencial fungici-
da del EB sobre F. oxysporum se evaluo realizan-
do ensayos de germinacion de esporas a diferentes
concentraciones y dando seguimiento a diferentes
tiempos de contacto con los conidios. Los experi-
mentos se realizaron por el método de microdilu-
cion previamente descrito. Las concentraciones del
EB fueron 1, 2 y 3 MIC’s. Como control positivo
se empled Carbendazim a 72.8 mg mL-'. Después
de realizar las mezclas del caldo PDB y el EB, se
agreg6 100 pL de la suspension de conidios y ho-
mogenizo. Durante cada hora y hasta completar 4 h,
de cada mezcla se tomaron 5 pL de la suspension y
deposito en cajas Petri con medio PDA y se incubo
a 29 °C durante tres dias. Se determiné el tiempo
de contacto optimo para ejercer el efecto fungicida,
en aquellas muestras donde no se presentd creci-
miento.

Efecto protector del EB en cormos de gladiolo.
La evaluacion del efecto del EB para el control de
la pudricion en cormos de gladiolo, se realizo em-
pleando 50 cormos de gladiolo de la variedad Red
Beauty por cada tratamiento. El proceso de desin-
feccion de los cormos y de la inoculaciéon con la
suspension de conidios de £ oxysporum, se realizd
como se describid previamente.

Los tratamientos evaluados fueron: a) cormos
inoculados con F. oxysporum y tratados con agua;
b) cormos inoculados con F. oxysporum y tratados
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a PDA medium and incubated at 29 °C for three
days. The optimal time of contact for the fungicidal
effect was determined in the samples where no
growth was observed.

Protective effect of the BE on gladiolus corms.
The evaluation of the effect of the BE for the
control of rot in gladiolus corms was carried out
using 50 gladiolus coms of the Red Beauty variety
for each treatment. The disinfection process of the
corms and of the inoculation with the £ oxysporum
conidia suspension was carried out as described
earlier.

The treatments evaluated were a) corms
inoculated with F oxysporum and treated with
water; b) corms inoculated with F. oxysporum and
treated with Carbendazim (72.8 mg mL™"); ¢) corms
inoculated with F oxysporum and treated with BE
MIC (0.19 mg mL™") and d) corms inoculated with
F. oxysporum and treated with BE and double
the MIC (0.38 mg mL™"). Later, the corms in all
treatments were stored in the dark in a bioclimatic
chamber at 25 °C and 70% humidity.

The symptoms were registered every 5 days
from time zero until 20 days after inoculation, in
five corms per treatment. The variable hardness
or firmness of the corms was the parameter used
to determine the protective effect of the BE on the
inoculated corms, using a Shimadzu® EZ-SX digital
texturometer with a needle, 5 mm in diameter,
on a standard base table. The compression test
was carried out at a speed of 3mm/s at a depth of
0.5mm. The firmness of the corms was registered
in Newtons (Morales-Pérez et al., 2014).

Data analysis. The data registered for the PG
were analyzed statistically using a multifactorial
ANOVA and a test of separation of means using
LSD. The data registered for corm firmness were
analyzed statistically using a simple ANOVA and
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con Carbendazim (72.8 mg mL™); ¢) cormos ino-
culados con F. oxysporum y tratados con EB MIC
(0.19 mg mL") y d) cormos inoculados con F. oxys-
porum y tratados con EB al doble de la MIC (0.38
mg mL"). Posteriormente, los cormos de todos los
tratamientos fueron almacenados en condiciones
de oscuridad en una camara bioclimatica a 25 °C'y
70% de humedad.

Los sintomas fueron registrados, cada cinco dias
a partir del tiempo cero hasta veinte dias después
de la inoculacién, en cinco cormos por cada tra-
tamiento. La variable dureza o firmeza de los cor-
mos, fue el parametro empleado para determinar el
efecto protector del EB en los cormos inoculados,
utilizando un Texturometro digital Shimadzu® EZ-
SX con una aguja de Smm de diametro en una mesa
base estandar. La prueba de compresion se reali-
76 a una velocidad de 3mm/s y una profundidad
de 0.5mm. La dureza de los cormos se registrd en
Newtons (Morales-Pérez et al., 2014).

Analisis de datos. Los datos registrados para el PG
fueron analizados estadisticamente mediante un
ANOVA multifactorial y mediante una prueba de
separacion de medias por LSD. Los datos regis-
trados para la dureza del cormo fueron analizados
estadisticamente mediante una ANOVA simple y
una prueba de separacion de medias por Tukey, con
ayuda del programa Statgraphics centurion XVIIIL.

RESULTADOS Y DISCUSION

Aislamiento y caracterizacion del patégeno. A
partir de cormos de gladiolo con sintomas de pu-
dricion asociado a la presencia de Fusarium spp.,
se obtuvieron tres aislados (GL1, GL2 y GL3) con
caracteristicas morfologicas del género. A partir de
los tres aislados de Fusarium, se generaron cepas
monosporicas que se caracterizaron por desarrollar
un micelio aéreo con tonalidades blanquecinas a
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a Tukey test of separation of means, using the
program Statgraphics centurion X VIII.

RESULTS AND DISCUSSION

Isolation and characterization of the pathogen.
Three isolations (GL1, GL2 and GL3) with
morphological characteristics of the genus were
taken from gladiolus corms with symptoms of
rotting related to the presence of Fusarium spp.
From the three Fusarium isolations, monosporic
strains were produced, characterized by the
development of an aerial mycelium with whitish
to orange colors, without curled hyphae. Fusiform
and slightly curved macroconidia were also found,
with a conical apical cell and an oval-shaped base
cell, with one to three septa; the microconidia
presented an oval morphology and without septa
(Table 1). These characteristics coincide with those
reported for F. oxysporum (Gonzalez-Pérez et al.,
2009; Hafizi et al., 2013; Leslic et al., 2006).

Molecular identification of the fungus isolated
from corms with rot. The analysis of the sequence
of the ITS fragments (584 pb) of the Fusarium
oxysporum GL1 isolation showed, when comparing
with sequences registered in the GenBank, a
similarity of 96% with ITS sequences of the genus
F. oxysporum. The same result was obtained when
analyzing the sequences of the genes that codify
B-Tubulin (549 pb, 95% similarity), histone 3
(458 pb, 94% similarity) and elongation factor
of la (300 pb, 98% similarity). Considering
the morphological characteristics and the close
molecular similarity with species of the Fusarium
genus, isolation GL1, isolated from corms with rot,
belongs to £ oxysporum.

Pathogenicity test of the isolation of F
oxysporum. Isolation GL1 induced the appearance
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naranjas, sin la presencia de hifas enrolladas. Tam-
bién se detectd la presencia de macroconidios fu-
siformes y ligeramente curvos con la célula apical
conica y la basal ovalada, entre uno y tres septos;
los microconidios presentaron morfologia ovalada
y sin septos (Cuadro 1). Estas caracteristicas coin-
ciden con las reportadas para F. oxysporum (Gon-
zalez-Pérez et al., 2009; Hafizi et al., 2013; Leslie
et al., 2006).

Identificacion molecular del hongo aislado de
cormos con pudricion. El analisis de la secuen-
cia de los fragmentos de ITS (584 pb) del aisla-
do Fusarium oxysporum GL1 mostr6, al comparar
con secuencias registradas en el genbank, una si-
militud del 96% con secuencias ITS del género F.
oxysporum. El mismo resultado se obtuvo al ana-
lizar las secuencias de los genes que codifican a la
B-Tubulina (549 pb, 95% de similitud), histona 3
(458 pb, 94% de similitud) y factor de elongacion-
la (300 pb, 98% de similitud). Considerando las

of symptoms, therefore molecular identification, as
well as the in vitro and in vivo trials described were
carried out using this strain. The inoculated corms
presented an initial symptom after 15 days (Figure
1), which was characterized by a brown color inside
the corm, as well as a loss of turgidity; superficially,
the symptom was imperceptible (Figure 1C), but
when the corm was cut perpendicularly, the color
changed from the place of inoculation (Figure
1D). The corms dried three to four months after
inoculation, becoming dark brown (Figure 1E).
This corresponds with the symptoms described
for the rot of gladiolus corms caused by Fusarium
(Gonzalez-Pérez et al., 2009; Michel-Aceves et al.,
2014; Pedroza et al., 2019).

Antagonistic activity in vitro. The antagonistic
activity of the 22 strains of streptomycetes against
the isolation of F. oxysporum GL1 is shown in Table
2, where we can also see, for the streptomycetes in
the soil of the states of Hidalgo and Aguascalientes,

Cuadro 1. Caracteristicas macroscépicas y microscopicas registrados de la colonia mo-
nosporica de F. oxysporum GL1 aislada a partir de cormos de gladiolo con

sintomas de pudricién.

Table 1. Registered macroscopic and microscopic characteristics of the monosporic cul-
ture of F. oxysporum GL1 isolated from gladiolus corms with symptoms of rot.

Caracteristicas morfologicas

“Descripcion

Color de la colonia

Morfologia del macroconidio
Morfologia de la célula apical
Morfologia de la célula de la base
Largo de macroconidios (um)
Ancho de macroconidios (um)
Numero de septos

Morfologia del microconidio
Largo de microconidio (um)
Ancho de microconidios (um)

Tonalidades naranjas y blancas, micelio aéreo
Fusiforme, ligeramente curvo

Conica y curva

Ovalada

Ovalada

“Las mediciones y registros al microscopio se realizaron mediante la observacion directa y
medicion de 50 macroconidios y 50 microconidios de la colonia monospoérica del hongo a 40x.
/ “The measurements and records under the microscope were carried out by direct observation
and measurements of de 50 macroconidia and 50 microconidia of the monosporic culture of

the fungus at 40x.
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caracteristicas morfologicas y la estrecha similitud
molecular con especies del género Fusarium, se
sugiere que el aislado GL1 aislado de cormos con
pudricién pertenece a F. oxysporum.

Prueba de patogenicidad del aislado de F. oxys-
porum. El aislado GL1 indujo la aparicion de sin-
tomas, por lo que la identificacion molecular, asi
como los ensayos in vitro e in vivo descritos se
realizaron utilizando esta cepa. Los cormos inocu-
lados presentaron un sintoma inicial a los 15 dias
(Figura 1), que se caracterizé por una coloracion
café en el interior del cormo, asi como una pérdida
de turgencia; superficialmente el sintoma fue im-
perceptible (Figura 1C), pero cuando se realiz6é un
corte perpendicular del cormo se observo el cam-
bio de color a partir del sitio de inoculacion (Figura
1D). Los cormos tres a cuatro meses después de la
inoculacion, se secaron adquiriendo una coloracion
café oscura (Figura 1E). Lo anterior concuerda
con la sintomatologia descrita para la pudricion de
cormos de gladiolo debidas a Fusarium (Gonzalez-
Pérez et al., 2009; Michel-Aceves et al., 2014; Pe-
droza et al., 2019).

Actividad antagonica in vitro. La actividad anta-
gbnica de las 22 cepas de estreptomicetos contra
el aislado de F oxysporum GL1 se presentd en el
Cuadro 2. En ella se observa, para los estreptomi-
cetos de suelo del Estado de Hidalgo y del Estado
de Aguascalientes un PI menor al 20%, mientras
que para los estreptomicetos que provienen de sue-
los de los Petenes, en dos se observa un PI ligera-
mente superior al 30% y solo para Streptomyces sp.
CACIS-1.16CA un PI mayor al 40%. Para el caso
de Streptomyces sp., GCAL-9, se observo un PI
de 40.4. Resultados similares se observaron con la
cepa control S. lydicus WYEC 108 (PI=41.1%). En
general no se observaron diferencias en el Pl de S. /ydi-
cus 'y los estreptomicetos CACIS-1.16CA y GCAL-9.
Con base a estos resultados se seleccionaron estos
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a Pl lower than 20%, whereas for the streptomycetes
from the soils of the Petenes, in two, the PI is
slightly higher than 30%, and only for Streptomyces
sp. CACIS-1.16CA is the PI higher than 40%. In
the case of Streptomyces sp., GCAL-9, a PI of 40.4
was observed. Similar results were observed with
control strain S. /ydicus WYEC 108 (PI=41.1%). In
general, no differences were observed in the PI of S.
lydicus and the streptomycetes CACIS-1.16CA and
GCAL-9. Based on these results, these isolations
were chosen to evaluate the corresponding BE. The
PIs obtained with Streptomyces sp. CACIS-1.16
CA and Streptomyces sp. GCAL-9 are near to
the results reported for other actinomycetes on
FE oxysporum (Pl de 58.1%), which confirms the
capacity of some species of the genus Streptomyces
to inhibit F oxysporum (Goredema et al., 2020;
Nguyen et al., 2020; Tlemsani et al., 2020). Earlier
results with Streptomyces sp. CACIS 1.16CA
showed antagonistic activity against other species
of Fusarium, leading the fungal growth inhibition
to fluctuate between 40 and 70% (Evangelista-
Martinez, 2014).

Determination of the MIC and MLC of the
BE against F oxysporum. The bioactive extract
(BE) of Streptomyces sp. GCAL-9, produced with
a solid fermentation, as described in materials
and methods, was used to obtain a minimum
inhibiting concentration (MIC) and minimum
lethal concentration (MLC) on F oxysporum.
The MIC obtained was 0.19 mg mL-!, while the
MLC was 0.38 mg mL"'. The MIC obtained in the
investigation is similar to that reported for other
strains of Streptomyces, considered to have an
outstanding microbial effect on different species of
bacteria and fungi, including F. oxysporum (Hima-
Bindu et al., 2017; Pérez-Rojas et al., 2015).

Effect of the BE on the germination of F
oxysporum conidia. The bioactive extract of
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Cuadro 2. Actividad antagonista de 22 Estreptomicetos sobre Fusarium oxysporum,
determinada mediante el porcentaje de inhibicion del crecimiento del
hongo en direccion del actinomiceto en ensayos de antagonismo dual.

Table 2. Antagonistic activity of 22 streptomycetes on Fusarium oxysporum, deter-

mined with the percentage of inhibition of the fungal growth rate in the di-
rection of the actinomycete in dual antagonism trials.

Cepa PI (%) Cepa PI (%)
Suelos del Parque Nacional El Chico, Hidalgo

CACIA 1.3 HGO 17.1 CACIA 1.5 10.1
CACIA 1.33 HGO 14.1 CACIA 1.7 14.1

Suelos de la Reserva de la Bidsfera Los Petenes, Campeche
CACIS 1.16 CA 43.4 CACIS 2.30 CA 19.1
CACIS 2.16 CA 30.3 CACIS 2.3 CA 242
CACIS 2.17 CA 323 CACIS 2.5 CA 19.1
CACIS 2.26 CA 20.2

Suelos de campo de cultivo de chile serrano, Aguascalientes
AGS 4 28.2 AGS 13 323
AGS 6 24.2 AGS 32 15.1
AGS 9 25.2 AGS 44 26.2
AGS 10 35.10  AGS 50 29.2
AGS12 23.2 AGS 58 31.7

Suelos de Yucatan

GCAL9 40 Streptomyces lydicus wyec 1087 41.1

“Cepa comercial utilizada como referencia. / “Commercial strain used as a reference.

aislados para evaluar el EB correspondiente. Los PI
obtenidos con Streptomyces sp. CACIS-1.16 CA'y
Streptomyces sp. GCAL-9 son cercanos a los resul-
tados reportados para otros actinomicetos sobre £
oxysporum (Pl de 58.1%), lo que confirma la capa-
cidad de algunas especies del género Streptomyces
para inhibir a F. oxysporum (Goredema et al., 2020;
Nguyen et al., 2020; Tlemsani ef al., 2020). Resul-
tados previos con Streptomyces sp. CACIS 1.16CA
mostraron actividad antagonista contra otras espe-
cies de Fusarium, fluctuando entre 40 al 70% la in-
hibicion en el crecimiento del hongo (Evangelista-
Martinez, 2014).

Determinacion de la MIC y MLC del EB con-
tra F oxysporum. El extracto bioactivo (EB) de
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the isolation CACIS 1.16 CA did not inhibit the
germination of the Fusarium sp. GL1 conidia,
suggesting that the antagonism it presented in
the dual antagonism trials (Table 2) may be due
to direct competition, and not to the production
of extracellular compounds with antagonistic
activity (Alizadeh et al., 2020). Considering this,
subsequent trials were performed only with the BE
of the strain of Streptomyces sp. GCAL-9.

The results of the evaluation of the effects of five
concentrations of the BE of the Streptomyces sp.
GCAL-9 strain on the germination of F. oxysporum
conidia display significant differences (p<0.05) in
the percentage from applying %2 MIC, with a value
of around 90% in comparison with the control.
Higher BE concentrations completely inhibited
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Streptomyces sp. GCAL-9, producido mediante
una fermentacion solida, tal como se describid en
materiales y métodos, se utilizd para obtener la
concentracion minima inhibitoria (MIC) y minima
letal (MLC) sobre F. oxysporum. Se obtuvo una
MIC de 0.19 mg mL"', mientras que la MLC fue
del 0.38 mg mL"'. La MIC obtenida en el trabajo es
similar a los reportados para otras cepas de Strep-
tomyces, consideradas con efecto antimicrobiano
sobresaliente sobre diferentes especies de bacterias
y hongos, incluyendo F. oxysporum (Hima-Bindu
et al.,2017; Pérez-Rojas et al., 2015).

Efecto del EB sobre la germinacion de conidios
de E oxysporum. El extracto bioactivo del aisla-
do CACIS 1.16 CA, no inhibi6 la germinacion de
los conidios de Fusarium sp. GL1, sugiriendo que
el antagonismo que presento en los ensayos de an-
tagonismo dual (Cuadro 2), se debe posiblemente
a competencia directa y no necesariamente debi-
do a la produccion de compuestos extracelulares
con actividad antagonica (Alizadeh et al., 2020).
Considerando lo anterior, los ensayos subsecuentes
se realizaron unicamente con el EB de la cepa de
Streptomyces sp. GCAL-9.

Los resultados de la evaluacion del efecto de
cinco concentraciones del EB de la cepa Strep-
tomyces sp. GCAL-9 sobre la germinacion de coni-
dios de F. oxysporum, muestran diferencias signifi-
cativas (p<0.05) en el porcentaje de inhibicion de
la germinacion a partir de la aplicacion de 2 MIC,
con un valor de alrededor del 90 % respecto al con-
trol. Concentraciones mayores del EB inhibieron
completamente la germinacion (Figura 2A). A ni-
vel morfoldgico, se observaron cambios estructu-
rales en los conidios conel EB a5, 1 y 2 MIC's en
comparacion con los conidios en fase de germina-
cion (Figura 2B). Se observa una evidente disrup-
cion de la fase de transicion hacia la formacion del
tubo de germinacion y a medida que se incrementa
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germination (Figure 2A). At a morphological level,
structural changes were found in the conidia with
the BE at /2, 1 and 2 MIC’s in comparison with
the conidia in the germination phase (Figure 2B).
There is a clear disruption of the transition phase
towards the formation of the germination tube, and
as the concentration of the BE increases, the size
of the conidia decreases, the elongated shape of
the macroconidia changes to round and swollen,
an excess of vacuoles forms in the cytoplasm,
the septa are no longer visible, and an excess of
vacuoles forms. These characteristics have been
observed in other investigations (Cordova-Albores
et al., 2016), particularly in the evaluation of the
Jatropha curcas oil and other derived oils on the
germination of F. oxysporum f. sp. gladioli conidia;
the authors report some morphological effects on the
conidia, such as irregular or swollen edges, few to
no organelles and, in the germinated conidia, there
was scarce growth of hyphae and the appearance of
a high number of vacuoles in the cytoplasm.

Other
compounds from Streptomyces blastmyceticus

authors reported that extracellular
affect the germination of Colletotrichum acutatum
and F. oxysporum conidia, highlighting effects on
the conidial membrane permeability, as well as
changes in their morphology with a reduction in
their size and the presence of a wrinkly surface
in conidia and hyphae, in comparison with the
smooth surface of not conidia not exposed to the
compounds (Kim ez al., 2019).

The optimum time for the fungicidal effect of the
BE is determined by evaluating, for three days, the
ability of germination of the conidia and the growth
of the F. oxysporum mycelia after being exposed
to different concentrations (1, 2 and 3 MIC’s) and
times (0, 1, 2, 3 and 4 h) of exposure to the BE
(Figure 3). The results show that the concentration
of 1 MIC (0.19 mg mL"), 2 MIC (0.38 mg mL"") and
3 MIC (0.57 mg mL") inhibited the germination and
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Figura 2. Efecto del extracto bioactivo (EB) sobre la germinacion de conidios de F. oxysporum. 2A) Porcentaje de germi-
nacién de conidios después de 8 h de tratamiento con cinco concentraciones de EB de Streptomyces sp., GCAL-9.
Columnas con la misma letra no son significativamente diferentes segin la prueba de LSD (p<0.05); 2B) La ger-
minacion de los conidios de F oxysporum en agua como control A), fue similar a la que ocurrio6 al 0.78% B) del
EB, mientras que concentraciones como 25% C) y 12.5% D) inhibieron el 100% la germinacién de los conidios del

hongo.

Figure 2. Effect of the bioactive extract (BE) on the germination of F oxysporum conidia. 2A) Percentage of germination
of conidia after 8 h of treatment with five concentrations of BE of Streptomyces sp., GCAL-9. Columns with the
same letter are not statistically different, according to the LSD test (p<0.05); 2B) Germination of the F. oxysporum
conidia in water as a control A), was similar to the one that took place in 0.78% B) of the EB, while concentrations
such as 25% C) and 12.5% D) inhibited the germination of the fungal conidia by 100%.

la concentracion del EB, se presenta una reduc-
cion en el tamafio de los conidios, un cambio de la
forma alargada de los macroconidios a redondeada
e hinchada, formacion excesiva de vacuolas en el
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growth of the mycelia of the fungus after on hour of
being in contact with the BE of GCAL-9, and this
effect was observed for the three days in which
the subcultures were kept at 29 °C. Meanwhile,
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citoplasma, dejan de ser evidentes los septos, y for-
macién excesiva de vacuolas. Estas caracteristicas
se han observado en otros trabajos (Cordova-Albo-
res et al., 2016), en particular en la evaluacion del
aceite de Jatropha curcas y algunos aceites deriva-
dos sobre la germinacion en conidios de F. oxyspo-
rum f. sp. gladioli; los autores reportaron algunos
efectos morfologicos en los conidios como bordes
irregulares, hinchados, poca o nula presencia de or-
ganelos, y en los conidios germinados se presentd
poco crecimiento de hifas y aparicion de un ntime-
ro elevado de vacuolas en el citoplasma.

Otros autores reportaron que, compuestos ex-
tracelulares de Streptomyces blastmyceticus afec-
tan la germinacioén de conidios de Colletotrichum
acutatum y F. oxysporum, destacando efectos sobre
la permeabilidad de la membrana de los conidios,
ademas de cambios en su morfologia con una re-
duccion de su tamafio y presencia de una superficie
arrugada en los conidios e hifas, en comparacion a
la superficie lisa de los conidios no expuestos a los
compuestos (Kim et al., 2019).

El tiempo 6ptimo del efecto fungicida del EB se
determiné evaluando durante tres dias la capacidad
de germinacion de los conidios y crecimiento del
micelio de F oxysporum después de estar expues-
to a diferentes concentraciones (1,2 y 3 MIC’s) y
tiempos (0, 1, 2, 3 y 4 h) de exposicion al EB (Figu-
ra 3). Los resultados muestran que la concentracion
de 1 MIC (0.19 mg mL"), 2 MIC (0.38 mg mL")
y 3 MIC (0.57 mg mL™") inhibieron la germinacion
y crecimiento de micelio del hongo con una hora
de contacto con el EB de GCAL-9, este efecto se
observo durante los tres dias en los que se man-
tuvieron los subcultivos en condiciones de 29 °C.
Mientras que el Carbendazim a la dosis evaluada
(72.8 mg mL"), permiti6 la reactivacion del coni-
dio y, por tanto, el crecimiento del micelio al ser
transferidos a medio PDA (Figura 3). Estos resul-
tados confirman el potencial antimicrobiano de los
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the Carbendazim in the evaluated doses (72.8 mg
mL™") helped reactivate the conidia and, therefore,
the growth of the mycelia when transferred to the
PDA medium (Figure 3). These results confirm
the antimicrobial potential of the extracellular
compounds released by the strain of Streptomyces
sp. GCAL-9. On the other hand, they differ from
the report by Alburqueque and Gusqui (2018), who
mention that Carbendazim was 100% effective to
inhibit the development of £ oxysporum 72 h after
the treatment under in vitro conditions.

Control of rot in corms with the BE. The corms
inoculated with F. oxysporum and protected with
different concentrations of bioactive extracts did
not show any differences in external symptoms in
relation with the corms protected with Carbendazim
the first 20 days after inoculation. On the other hand,
the inoculated and unprotected corms displayed
slight external symptoms, such as small dark brown
spots in the inoculated areas, with creamy-white
mycelia: These symptoms are similar to those
reported for corm rot by Fusarium sp. (Pedroza et
al., 2019; Gonzalez-Pérez et al., 2009). Cuts of the
inoculated rots displayed that the dark brown spot
moved and expanded inside the corm (Figure 1).
This suggests that there are differences between
treatments after 15 days, but its estimation requires
alternative methods to the symptom record used
(Gonzalez-Pérez et al., 2009).

Measurements of firmness taken with the
Shimadzu digital texturometer showed that the
corms inoculated with F. oxysporum and protected
with the Streptomyces sp. G-CAL9 bioactive extract
at 0.19 and 0.38 mg mL"!' were initially similar to
the firmness of the control corms in the first 10 days
after the treatment. However, the firmness of the
corms treated with EB 15 (2MIC) and 20 days (1
MIC) after the treatment was greater in comparison
with the controls treated with water and commercial
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Figura 3. Tiempo optimo del efecto fungicida del EB de Streptomyces sp., GCAL-9. Crecimiento micelial en caja Petri con
medio PDA después de tres dias de subcultivo de la solucion de conidios de F. oxysporum proveniente de la micro-
dilucién en placa conel EBa 1,2y 3 MICs Fy G), después de 0 A), 1 B), 2 C), 3 D) y 4 E) horas de tratamiento con

el EB.

Figure 3. Optimum time for the effect fungicidal of the BE of Streptomyces sp., GCAL-9. Mycelial growth in a Petri dish with
a PDA medium after three days of subculture of the solution of F. oxysporum conidia from the microdilution on a
plate with BE at 1, 2 and 3 MICs F and G), after 0 A), 1 B), 2 C), 3 D) and 4 E) hours in treatment with the BE.

compuestos extracelulares liberados por la cepa de
Streptomyces sp. GCAL-9. Por otra parte, difieren
del reporte de Alburqueque y Gusqui (2018), quie-
nes mencionan que Carbendazim fue 100% efecti-
vo para inhibir el desarrollo de F. oxysporum a las
72 h después del tratamiento bajo condiciones in
vitro.

Control de la pudricion en cormos con el EB.
Los cormos inoculados con F. oxysporum y prote-
gidos con diferentes concentraciones de extracto
bioactivo, no mostraron diferencias en sintomas
externos con relacion a cormos protegidos con
Carbendazim, los primeros 20 dias después de la
inoculacion. Por otro lado, cormos inoculados y sin
ninguna proteccion, presentaron ligeros sintomas
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fungicide (p<0.05) (Figure 4), suggesting that the
BE protected the corms from deterioration of the
corms caused by the development of the pathogen
inoculated (Gonzalez-Pérez et al., 2009). The
differences observed regarding the effectiveness
in time of both concentrations of the BE may be
due to factors such as differences in absorption,
permanence and translocation of the BE, also
influenced by differences in the surfaces of the
corms used, as described by Mirabent (2012)
as the main factors that exert an influence on
the efficiency of the fungicides. Taking this into
account, future evaluations will have to consider
the use of coadjuvants that improve absorption,
adherence, mobility, and therefore the efficiency of
the BE.
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externos, tales como pequeias manchas café oscu-
ras en los sitios inoculados, con presencia de mice-
lio blanco cremoso, estos sintomas son similares a
los reportados para la pudricion del cormo por Fu-
sarium sp. (Pedroza et al., 2019; Gonzalez-Pérez et
al., 2009). Cortes de los cormos inoculados mos-
traron que la mancha café obscuro avanzé y exten-
dio6 en el interior del cormo (Figura 1). Lo anterior
sugiere que existen diferencias entre tratamientos
después de 15 dias, pero su estimacion requiere de
métodos alternativos al registro sintomatoldgico
utilizado (Gonzalez-Pérez et al., 2009).

La dureza medida con el texturometro digital
Shimadzu, mostré que los cormos inoculados con
F. oxysporum y protegidos con el extracto bioactivo
de Streptomyces sp. G-CAL9 a0.19 y 0.38 mg mL",
fueron inicialmente similares con la dureza de los
cormos control en los primeros 10 dias después del
tratamiento. Sin embargo, la firmeza de los cormos
tratados con EB 15 (2MIC) y 20 dias (1 MIC) des-
pués del tratamiento fue mayor con relacion a los
controles tratados con agua y fungicida comercial
(p=<0.05) (Figura 4), sugiriendo que el EB protegio
el deterioro de los cormos debidos al desarrollo del
patogeno inoculado (Gonzalez-Pérez et al., 2009).
Las diferencias observadas respecto a la efectivi-
dad en el tiempo de las dos concentraciones del
EB probablemente se deban a factores tales como
diferencias en la absorcion, permanencia y trans-
locacion del EB, influenciada ademas por diferen-
cias superficiales en los cormos utilizados, segun
lo describe Mirabent (2012) como los principales
factores que influyen en la eficacia de los fungici-
das. Tomando en cuenta lo anterior, evaluaciones
futuras deberan considerar el uso de coadyuvantes
que mejoren la absorcion, adherencia, movilidad y
por ende la eficacia del EB.

Por otro lado, los cormos tratados con el fungi-
cida comercial a base de Carbendazim presentaron
una dureza similar a la que presentaron los cormos
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On the other hand, the corms treated with
the commercial Carbendazim-based fungicide
displayed a similar firmness to that presented by
the corms in the control treatment, suggesting that
the commercial fungicide in the dose applied in the
present study did not hinder the development of the
fungus in the inoculated corms, since Carbendazim
has an effect on the germination of the fungal
conidia by inhibiting the assembly of the Beta-
tubulin in mitosis and inhibiting the formation of
the appressorium, the development of the mycelia
of fungi (FRAC, 2019) as verified in the inhibition
trials in microplates.

CONCLUSIONS

The study proved the antifungal potential of the
bioactive extract obtained by fermentation in a solid
phase of the strain of Streptomyces sp. GCAL-9, by
inhibiting the total germination of conidia and the
mycelial growth of F. oxysporum at a dose of 0.19
and 0.38 mg mL"!, and due to its protective effect,
since it maintained the firmness of gladiolus corms
inoculated with conidia of the fungus for 15 and 20
days, under controlled in vivo conditions.
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Figura 4. Firmeza de cormos de gladiolo inoculados experimentalmente con una solucién de 5 pL de conidios de F oxyspo-
rum a2 x 10 conidios mL'y protegidos con EB de Streptomyces sp., GCAL-9 con uno (0.19 mg mL™") y dos (0.38
mg mL™") veces la concentracion MIC; registrados a los 0, 5,10, 15 y 20 dias después de la inoculaciéon con un
texturometro digital Shimadzu. Los controles del ensayo fueron, cormos inoculados con el hongo y protegidos con
carbendazim a 72.8 mg mL' y agua. Columnas con la misma letra no son significativamente diferentes segiin la

prueba de Tukey (p<0.05).

Figure 4. Firmness of gladiolus corms experimentally inoculated with a solution of 5 pL of F. oxysporum conidia at 2 x 10°
conidia mL" and protected with Streptomyces sp., GCAL-9 BE with one (0.19 mg mL") and two (0.38 mg mL™")
times the MIC concentration; registered 0, 5,10, 15 and 20 days after inoculation with a Shimadzu digital tex-
turometer. The test controls were corms inoculated with the fungus and protected with carbendazim at 72.8 mg
mL" and water. Columns with the same letter are not significantly different, according to Tukey’s test (p<0.05).

del tratamiento control, sugiriendo que el fungicida
comercial a la dosis aplicada en este trabajo, no im-
pidio el desarrollo del hongo en los cormos inocu-
lados, ya que el Carbendazim tiene un efecto sobre
la germinacion de conidios de los hongos al inhibir
el ensamblaje de la Beta-tubulina en la mitosis e
inhibir la formacion del apresorio, el crecimiento y
desarrollo del micelio de los hongos (FRAC, 2019)
tal como se corroboro en los ensayos de inhibicion
en microplaca.

CONCLUSIONES

El estudio demostro el potencial antifungico del
extracto bioactivo obtenido por fermentacion en
fase solida de la cepa de Streptomyces sp. GCAL-
9, al inhibir la germinacion total de conidios y el
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crecimiento micelial de F. oxysporum a una dosis
de 0.19 y 0.38 mg mL"', y por su efecto protector,
al mantener durante 15 y 20 dias la firmeza de cor-
mos de gladiolo inoculados con conidios del hon-
g0, bajo condiciones controladas in vivo.
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