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Abstract. Banderita (Bouteloua curtipendula),
produces abundant and appetizing forage for
cattle under extreme arid conditions. The demand
for its seed in Mexico is a direct function of
the potential for the establishment of pastures
and therefore, the sanitary quality of this is
fundamental. Phytopathogenic fungi affect the seed
and establishment of prairies. The objective was to
evaluate in vitro the effect of six agrochemicals
and one biological against fungi associated with
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Resumen. Banderita (Bouteloua curtipendula),
produce forraje abundante y apetente para el gana-
do bajo condiciones aridas extremas. La demanda
de su semilla en México estd en funcion directa
del potencial de establecimiento de praderas y por
ello, la calidad sanitaria de esta es fundamental.
Hongos fitopatogenos afectan la semilla y esta-
blecimiento de praderas. El objetivo fue evaluar
in vitro el efecto de seis agroquimicos y un biolo-
gico contra hongos asociados a semilla de Bande-
rita, para reducir pérdidas causadas por estos. Se
realizaron tratamientos en medio de cultivo PDA
combinado con Captan, Tiofanato-metil, Manco-
zeb, Benomilo, Procloraz, Tiabendazol y Baci-
llus subtilis a concentraciones segun el caso de 0
(control), 0.005, 0.001, 0.05, 0.01, 0.5, 0.1, 1, 5,
10, 100, 150, 200, 250 y 300 mg L', contra Alter-
naria alternata, Bipolaris cynodontis y Fusarium
incarnatum. Se midi6 el diametro bidireccional de
colonias cada 48 h. La concentracion efectiva de
50% se estimd mediante un modelo de regresion
no lineal; en relacion al porcentaje de inhibicion
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Banderita seed, to reduce losses caused by these.
Treatments were carried out in PDA culture medium
combined with Captan, Thiophanate-methyl,
Mancozeb, Benomil, Prochloraz, Thiabendazole
and Bacillus subtilis at concentrations according to
the case of 0 (control), 0.005, 0.001, 0.05, 0.01, 0.5,
0.1, 1.5, 10, 100, 150, 200, 250 and 300 mg L',
against Alternaria alternata, Bipolaris cynodontis
and Fusarium incarnatum. The bi-directional
colony diameter was measured every 48 h. The
effective concentration of 50% was estimated by
a non-linear regression model; in relation to the
percentage of inhibition of mycelial growth. Bacillus
subtilis presented higher mycelial inhibition 97%
(P <0.05), followed by Thiophanate-methyl (96%),
Prochloraz (94%), Captan (93%) and Mancozeb
(92%). Benomyl and Thiabendazole showed low
inhibition of fungi with 46 and 37%. B. subtilis
and Thiophanate-methyl are the products with
the greatest possibility of controlling pathogens
associated with Banderita grass seeds.

Key words: biological control, chemical control,
Bacillus subtilis, CE, .

The arid and semiarid areas of Mexico account
for over 50% of the country’s area and they are
divided into scrublands (85%) and grasslands
(15%), as opposed to 150 years ago (PMARP,
2012). Due to this, Sanchez et al. (2018) point out
the importance of the native grasses to recover
the older condition and functionality of grass
without altering the vulnerable arid ecosystem. To
establish rainfed prairies using seeds (sensu lato),
there are recommendations such as using complete
propagules (glumes, grasses, palea, awns and
modified twigs) or caryopses, which will have a
larger embryo, more endosperm, seedling weight
and vigor, the larger it is (Quero et al., 2016; Quero
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de crecimiento micelial. Bacillus subtilis presentd
mayor inhibicién micelial 97% (P<0.05), seguido
de Tiofanato-metil (96%), Procloraz (94%), Captan
(93%) y Mancozeb (92%). Benomilo y Tiabenda-
zol mostraron baja inhibicion de los hongos con 46
y 37%. B. subtilis y Tiofanato-metil son los pro-
ductos con mayor posibilidad de controlar patoge-
nos asociados a semillas de pasto Banderita.

Palabras clave: Control bioldgico, control quimi-
co, Bacillus subtilis, CE,.

Las zonas aridas y semiaridas en México re-
presentan mas de 50% de territorio y se dividen
en matorrales (85%) y pastizales (15%), situacion
contraria hace 150 anos (PMARP, 2012). Por ello,
Sanchez et al. (2018), indican la importancia de las
gramineas nativas para recuperar la antigua condi-
cion y funcionalidad del pastizal sin alterar el eco-
sistema arido vulnerable. Para establecer praderas
de temporal utilizando semilla (sensu lato), existen
recomendaciones como usar propagulos completos
(glumas, lemas, paleas, aristas y ramillas modi-
ficadas) o cariopsides; la cual, entre mas grande,
tendra embrién grande, mayor endospermo, peso
y vigor de plantula (Quero et al., 2016; Quero et
al.,2017). Sin embargo, un problema que se puede
tener son los hongos patégenos asociados a semi-
lla de especies forrajeras de importancia que pue-
den resultar en enfermedades en el ganado (Pirelli
et al., 2016), por lo que una semilla infectada y/o
contaminada puede introducir un patégeno en un
lote/region/pais (Sandoval et al., 2012). Los trata-
mientos de semilla son una herramienta efectiva
para combatir los impactos negativos de enferme-
dades, ayudan a los agricultores a producir cultivos
de mejor calidad (FAO y AfricaSeeds, 2019). Los
tratamientos erradicantes son mas especializados
que los preventivos y estan disefiados para eliminar
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et al., 2017). However, one possible problem one
may come across is the pathogenic fungi related to
the seeds of important forage species that may result
in cattle diseases (Pirelli et al., 2016), therefore one
infected and/or contaminated seed may introduce
a pathogen in a plot/region/country (Sandoval et
al., 2012). Seed treatments are an efficient tool
against the negative impacts of diseases, and they
help farmers produce higher-quality crops (FAO
and AfricaSeeds, 2019). Eradicating treatments are
more specialized than preventive ones, and they
are designed to eliminate a specific pathogen by
physical or chemical means, and can be effective
against states of profound infection, since they can
penetrate seed tissue and kill pathogens without
causing phytotoxicity. The biological control of
seed-transmitted pathogens is performed via three
mechanisms: resistance induction, competition or
elimination of the pathogen and the production of
antibiotics, and they are based on the antagonism
that microorganisms may have with each other
(Maude, 1985). In the market there are contact
agrochemicals, which persist on the plant’s
exterior (foliar application) and stop the fungi
from germinating and penetrating the crop’s cells,
a few of which include include Captan, Zineb,
Maneb, Mancozeb, Thiram, Folpet, Quintozane
and Clorotalonil (Chirinos et al., 2020). Another
group, the systemic agrochemicals, are absorbed
via the foliage, stems and roots and where the
vascular system helps spread the active compounds
throughout the plant (Arriagada, 2000). The
use of agrochemicals entails the knowledge
of its mechanism of action to avoid the risk of
resistance, therefore knowledge on the sensitivity
of the pathogen to the fungicide is vital for the
adequate sanitary control of the seed (Sandoval
et al., 2012). The most widely used method to
determine sensitivity is to integrate a pesticide
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un patogeno especifico por medios fisicos o qui-
micos, estos pueden ser efectivos contra estados
de infeccidon profundos, ya que pueden penetrar el
tejido de las semillas y matar patdgenos sin cau-
sar fitotoxicidad. El control biologico de patdégenos
transmitidos por semillas se realiza a través de tres
mecanismos, la induccion de resistencia, la compe-
tencia o eliminacién del patogeno y la produccion
de antibidticos y estan basados en el antagonismo
que los microorganismos puedan presentar entre si
(Maude, 1985). Dentro de los agroquimicos, existe
en el mercado los de contacto que persiste en el
exterior de la planta (aplicacion foliar), que evitan
que las esporas de los hongos germinen y penetren
en las células del cultivo, por mencionar algunos
de ellos: Captan, Zineb, Maneb, Mancozeb, Tiram,
Folpet, Quintozano y Clorotalonil (Chirinos ef al.,
2020). Otro grupo de agroquimicos, son los sisté-
micos, que se absorben a través del follaje, tallos y
raices y donde el sistema vascular ayuda a dispersar
los compuestos activos por toda la planta (Arriaga-
da, 2000). El uso de los agroquimicos, conlleva a
conocer su modo de accion para evitar riesgo de
resistencia, por ello, conocer la sensibilidad del
patogeno al fungicida es vital para el buen control
sanitario de la semilla (Sandoval et al., 2012). El
método mas utilizado para determinar sensibilidad,
es integrar al medio de cultivo algin producto pla-
guicida bajo niveles controlados y condiciones de
laboratorio (Dhingra y Sinclair, 1995). En México,
la necesidad de recursos genéticos forrajeros que
garanticen establecimiento, calidad, alta persisten-
cia y adaptacion a condiciones regionales hace ne-
cesarios estudios sobre sanidad de semilla (Quero
et al., 2007) y, ademas, conocer la sensibilidad de
los agroquimicos para integrar el manejo en la sa-
nidad de la semilla. Por lo tanto, el objetivo de la
investigacion fue determinar el efecto in vitro de
seis fungicidas y un biologico (Bacillus subtilis)
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product, under controlled levels and laboratory
conditions, into the culture medium (Dhingra and
Sinclair, 1995). In Mexico, the need for forage
genetic resources that guarantee the establishment,
quality, high persistence and adaptation to regional
conditions makes studies on seed health crucial
(Quero et al., 2007), as well as to know the
sensitivity of agrochemicals in order to integrate
the management of seed health. Therefore, the
aim of this investigation was to determine the in
vitro effect of six fungicides and one biological
one (Bacillus subtilis) against Alternaria alternata,
Bipolaris cynodontis and Fusarium incarnatum.

A. alternata, B. cynodontis and F. incarnatum
cultures were used, isolated from commercial B.
curtipendula seeds, harvested in 2017 (Quero et al.,
2020). The cultures were planted in a PDA (potato-
dextrose-agar) medium for eight days, at 28 =2 °C.
Commercial fungicides were evaluated: contact
(Captan and Mancozeb), systemic (Benomyl,
Prochloraz, Thiabendazole and Thiophanate-
methyl) and a B. subtilis based biological product.
Final concentrations were calculated based on the
active ingredient and the volume of PDA medium to
be prepared (Table 1). The effect of the product was
determined with the aggregation of the fungicide

contra Alternaria alternata, Bipolaris cynodontis y
Fusarium incarnatum.

Se emplearon colonias de A. alternata, B. cy-
nodontis y F. incarnatum, aisladas de semilla co-
mercial de B. curtipendula cosechada en 2017
(Quero et al., 2020). Las colonias se sembraron
en medio PDA (papa-dextrosa-agar) durante ocho
dias, a 28 + 2 °C. Se evaluaron fungicidas comer-
ciales: de contacto (Captan y Mancozeb), sistémi-
cos (Benomilo, Procloraz, Tiabendazol y Tiofana-
to-metil) y un producto bioldgico a base de B. sub-
tilis. Las concentraciones finales se calcularon con
base al ingrediente activo y volumen a preparar de
medio PDA (Cuadro 1). El efecto del producto se
determiné por agregacion del fungicida al medio de
cultivo PDA (Dhingra y Sinclair, 1995) a diferente
concentracion: 0 (control), 0.005, 0.001, 0.05, 0.01,
0.5,0.1, 1, 5, 10, 100, 150, 200, 250 y 300 mg L.
Se sembro un disco de micelio de 0.5 cm de diame-
tro en el centro de cajas Petri, con tres repeticiones
por concentracion. Los discos se obtuvieron de co-
lonias puras de seis dias de crecimiento en PDA,
incubadas en oscuridad a 25 + 2 °C. Se midi6 el
diametro bidireccional de colonias cada 48 h, has-
ta que el testigo lleno la caja y, por promedio, se
calcul6 el crecimiento micelial:

Table 1. Fungicides, active ingredients and concentrations used against isolated fungi (4.
alternata, B. cynodontis and F. incarnatum) in commercial Bouteloua curtipendula

seeds.

Cuadro 1. Fungicidas, ingrediente activo y concentracion utilizada contra hongos aislados
(A. alternata, B. cynodontis y F. incarnatum) en semilla comercial de Bouteloua

curtipendula.

Fungicida Ingrediente Activo Concentracion (mg L)

Captan 50 WP® Captan 0.1,0.5, 1, 5, 10, 100, 200
Manzate 200% Mancozeb 1, 150, 250, 300
Promyl 50 PH® Benomilo 1, 5,10, 100
Sportak® 45 CE Procloraz 0.001, 0.01, 0.1, 1
Tecto 60% Tiabendazol 0.1,0.5,1,5
Prontius® Tiofanato-metil 0.01, 0.05,0.1,0.5, 1,5, 10
Serenade Soil® Bacillus subtillis 0.005, 0.01, 0.05, 1
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to the PDA culture medium (Dhingra and Sinclair,
1995) at different concentrations: 0 (control), 0.005,
0.001, 0.05, 0.01, 0.5, 0.1, 1, 5, 10, 100, 150, 200,
250 and 300 mg L. A mycelium disk, 0.5 cm in
diameter, was planted in the center of Petri dishes,
with three repetitions per concentration. The disks
were obtained from pure cultures with a growth
of six days in PDA and incubated in the dark at
25 4+ 2 °C. The bidirectional diameter of cultures
was measured every 48 h, until the control filled
the dish, and with the average, the mycelial growth
was calculated:

%1M=% X100

where: /M, inhibition of mycelial growth (%);
CML, Mycelial growth; CMI, Influenced mycelial
growth (Patifio and Rodriguez, 2001).

A completely random design was used and, using
the data on inhibition percentages, a simple analysis
of variance was carried out for each pathogen. Since
the normal distribution of data was not carried out,
these were transformed by the arcsine (Gabriel et
al., 2021) and the comparison of averages using
Tukey’s test (p<0.05) using the statistics program
R. The effective concentration (CE, ) was obtained
by transforming each concentration [log(x)] and
relating it with the percentage of inhibition.

In most treatments, the mycelial growth of
the pathogens was reduced in comparison with
the control. Both the sensitivity of 4. alternata,
B. cynodontis and F. incarnatum to the different
concentrations of the fungicides evaluated, and the
calculation of the highest effective concentration
that inhibits 50% of the mycelial growth of the
fungus (CE,)) (Table 2), were determined eight
days after planting.

Effect on the mycelial growth of Alternaria
alternata. Thiabendazole and Benomyl in different
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%IM=% X100

dénde: IM, inhibicién crecimiento micelial (%);
CML, Crecimiento micelial; CMI, Crecimiento
micelial influenciado (Patifio y Rodriguez, 2001).

Se utiliz6 un disefio completamente al azar y,
con los datos de porcentaje de inhibicidn, se realizd
un analisis de varianza simple, por patégeno. Al no
cumplirse la distribucion normal de datos, estos se

. . Y
transformaron mediante arcoseno y = asin W

(Gabriel et al., 2021) y la comparacion de medias
con Tukey (p<0.05) mediante el programa estadis-
tico R. La concentracion efectiva (CE, ) se obtuvo
al transformar cada concentracion [log(x)] y rela-
cionarla con el porcentaje de inhibicion.-

En la mayoria de los tratamientos se obtuvo una
reduccion de crecimiento micelial de los patogenos
con respecto al control. Tanto la sensibilidad de
A. alternata, B. cynodontis y F. incarnatum, a las
diferentes concentraciones de los fungicidas eva-
luados, como el calculo de la mayor concentracion
efectiva que inhibe el 50% del crecimiento micelial
del hongo (CE, ) (Cuadro 2), fueron determinadas
a ocho dias después de la siembra.

Efecto sobre el crecimiento micelial de Alterna-
ria alternata. Tiabendazol y Benomilo en diferen-
tes concentraciones no fueron eficientes para inhi-
bir el hongo; lo anterior, debido a que se observo
un maximo de 7.2 y 10.8% de inhibicion con dosis
mas altas 5y 100 mg L, respectivamente (Cuadro
2). Estos datos coinciden con Herrera et al. (2011)
y Cristobal et al. (2013), quienes indicaron que,
con dosis de 500 y 450 mg L' de Benomilo, se in-
hibe 35.6 y 45% del crecimiento de Alternaria
spp., concentraciones mayores a las evaluadas
en este experimento. En el caso de Captan se
observo inhibicion de 83.3% a 200 mg L', su-
perior a lo que reportaron Parveen et al. (2013)
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Table 2. Mycelial growth inhibition in Alternaria alternata, Bipolaris cynodontis and Fusarium incarnatum with
different concentrations of fungicides and Bacillus subtilis.
Cuadro 2. Inhibicién de crecimiento micelial de Alternaria alternata, Bipolaris cynodontis y Fusarium
incarnatum con diferentes concentraciones de fungicidas y Bacillus subtilis.

% de Inhibicion del crecimiento micelial

- Concentraciéon Alternaria Bipolaris Fusarium
Fungicida 4 . ,
mg L alternata cynodontis incarnatum
Captan 0.1 0.0 0.0 2.3
0.5 0.0 0.4 6.4
1 3.6 7.2 8.6
5 7.4 17.6 10.0
10 8.0 19.7 51.5
100 77.0 100 89.5
200 83.3 100 97.8
Mancozeb 1 14.3 7.9 1.7
150 84.5 100 84.3
250 84.5 100 91.7
300 85.0 100 93.0
Benomilo 1 2.2 21.5 5.0
5 5.5 19.5 25.0
10 7.7 18.4 46.3
100 10.8 27.7 100
Procloraz 0.001 6.6 24.7 22.5
0.01 37.6 41.5 67.9
0.1 56.3 80.0 78.4
1 84.1 100 100
Tiabendazol 0.1 0.0 0.0 0.0
0.5 0.0 0.0 1.4
1 1.5 1.2 53.1
5 7.2 4.5 100
Tiofanato-metil 0.01 0.0 0.0 9.9
0.05 0.0 4.2 15.1
0.1 0.0 7.9 29.8
0.5 40.2 - 50.2
1 52.5 76.1 62.5
5 57.5 - 65.0
10 100 100 88.5
B. subtilis 0.005 90.2 94.7 96.9
0.01 92.0 100 100
0.05 93.0 100 100
1 93.0 100 100
concentrations were not efficient in inhibiting the con 36% de inhibicion de 4. alternata a la mis-
fungus, since a maximum inhibition of 7.2 and ma concentracion. Mancozeb mostréd datos simila-
10.8% were observed with higher doses and 5 res a Captan con 85% de inhibicion, pero a dosis
and 100 mg L', respectively (Table 2). These data superior (Cuadro 2). Malandrakis et al. (2015) in-
coincide with Herrera et al. (2011) and Cristobal dicaron datos similares para 4. alternata. Procloraz
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et al. (2013), who indicated that, with doses of
500 and 450 mg L' of Benomyl, 35.6 and 45% of
the growth of Alternaria spp. is inhibited; these
concentrations are higher than those evaluated in
this experiment. In the case of Captan, an inhibition
of 83.3% was observed at 200 mg L', higher than
what was reported by Parveen ef al. (2013) with
an inhibition of 36% of A. alternata at the same
concentration. Mancozeb displayed similar data
to Captan with an 85% inhibition, but at a higher
dose (Table 2). Malandrakis et al. (2015) indicated
similar data for 4. alternata. Prochloraz displayed
a similar inhibition rate to Mancozeb and Captan,
with 84.1%, but at a lower dose (I mg L), and
therefore this product may be feasible for the
control of this fungus. lacomi et al. (2004) report
an inhibition of 100% for 4. alternata in radish
plants, higher than the data reported for this work.
Only Thiophanate-methyl (10 mg L) produced an
inhibition of 100% at the highest dose. B. subtilis,
starting at 0.05 and 1 mg L', produced an inhibition
of 93%, similar to reports by Nacato et al. (2018),
who determined B. subtilis to be highly efficient
for the biological control against Alternaria spp.
(Table 2).

Effect on the mycelial growth of Bipolaris
cynodontis. Thiabendazole (5 mg L") and Benomyl
(100 mg L") displayed the lowest efficiency in the
inhibition of the mycelial growth of B. cynodontis,
with inhibitions of 4.5 and 27.7%. Alburqueque and
Gusqui (2018) reported an inhibition of 10.3% on
Phytophthora infestans; 37%, for Botrytis cinerea
and 100% for Rhizoctonia solani, at 200 mL L' of
Thiabendazole, with a higher dose in comparison
with this investigation.

Captan, Mancozeb, Prochloraz and Thiophanate-
methyl inhibited the fungus by 100% at high
concentrations, which was lower than reports by
Imran et al. (2013), who registered an inhibition of
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present6 inhibicidon similar a Mancozeb y Captan,
con 84.1%, pero, a dosis inferior (1 mg L); por
tanto, este producto podria ser viable para el con-
trol de este hongo. lacomi et al. (2004) reportan
inhibicion del 100% para A. alternata en rabano,
superior a los datos reportados en este trabajo. Solo
Tiofanato-metil (10 mg L") inhibio 100% a la dosis
mas alta evaluada. Para B. subtilis, a partir de 0.05
y 1 mg L inhibi6 el 93%, similar a lo reportado
por Nacato et al. (2018), quienes determinaron a
B. subtilis como altamente eficiente para el control
biologico contra Alternaria spp. (Cuadro 2).

Efecto sobre el crecimiento micelial de Bipola-
ris cynodontis. Tiabendazol (5 mg L") y Benomilo
(100 mg L), fueron los de menor eficiencia para
inhibir el crecimiento micelial de B. cynodontis con
4.5y 27.7% de inhibicion. Alburqueque y Gusqui
(2018), reportaron 10.3% de inhibicion de Phyto-
phthora infestans; 37%, para Botrytis cinerea y
100%, para Rhizoctonia solani, a 200 mL L' de
Tiabendazol, con dosis superior comparado con
esta investigacion.

Captan, Mancozeb, Procloraz y Tiofanato-metil
inhibieron 100% del hongo a altas concentraciones
evaluadas, datos inferiores a lo reportado por Imran
et al. (2013), donde registraron el 53% de inhibi-
cion de B. oryzae a 50 mg L. Arce et al. (2019),
puntualizaron que los porcentajes de inhibicion de
Bipolaris spp. con Benomil, Mancozeb y Tiofana-
to-metil fueron bajos, en comparacion a los valores
observados en la presente investigacion (Cuadro
2). Rondon et al. (2006) reportan datos similares
de inhibicion (100%) en Colletotrichum gloeospo-
rioides con Procloraz y a partir de 100 mg L.

Para el caso particular del producto biologico
B. subtilis, este fue mas eficiente que los fungici-
das quimicos a las concentraciones evaluadas, con
porcentaje de inhibicion micelial de 94.7 a 100%.
Datos similares a aquellos reportados por Rivero
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53% of B. oryzae at 50 mg L. Arce et al. (2019)
pointed out that the percentages of inhibition
of Bipolaris spp. with Benomyl, Mancozeb and
Thiophanate-methyl were low in comparison with
the values observed in this investigation (Table 2).
Rondonetal. (2006) report similar data forinhibition
(100%) in Colletotrichum gloeosporioides with
Prochloraz and starting at 100 mg L.

For the particular case of the biological product
B. subtilis, this was more efficient than the chemical
fungicides at the concentrations evaluated, with
a percentage of mycelial inhibition between 94.7
and 100%. The data are similar to those reported
by Rivero et al. (2008). For B. subtilis, a CE, of
0.00023 mg L' is reported. This concentration
is lower than the rest of the fungicides evaluated
(Table 3).

Effect on the mycelial growth of Fusarium
incarnatum. Thiophanate-methyl displayed a
lower efficiency of mycelial inhibition for the
fungus in the highest dose, with 88.5%. The rest of
the fungicides displayed an efficiency of mycelial
inhibition between 93 and 100% in the highest
doses evaluated. These data show the susceptibility
of the fungus to the fungicides evaluated. Regarding
CE. , Mancozeb requires high doses (300 mg L)

50°

et al. (2008). Para B. subtilis se reporta un CE de
0.00023 mg L', concentracion inferior al resto fun-
gicidas evaluados (Cuadro 3).

Efecto sobre el crecimiento micelial de Fusa-
rium incarnatum. El Tiofanato-metil present6 me-
nor eficiencia de inhibicion micelial para el hongo
en la dosis mas alta evaluada, con 88.5% de inhi-
bicion. El resto de los fungicidas presentaron efi-
ciencia de inhibicion micelial que oscilo de 93 a
100%, en las dosis mas elevadas evaluadas. Estos
datos evidencian la susceptibilidad del hongo a los

fungicidas evaluados. Respecto a CE_, Mancozeb

requiere altas dosis (300 mg L) parefoinhibir 50%
de hongo, por lo que su eficiencia fue baja. Por otra
parte, B. subtilis (CE,, a 0.00014 mg L") fue efi-
ciente en todas las dosis evaluadas, con inhibicion
que oscilé de 97 a 100%, mostrando que, a partir
de 0.01 mg L inhibid el 100% a F. incarnatum.
Romero et al. (2015), obtuvieron datos similares
con B. subtilis a dosis de 0.01 mg L contra F. so-
lani, aislado de chayote; por otro lado, Song et al.
(2014) observaron que a concentracion de 1 x 10°
UFC de B. subtilis, se alcanz6 un control de 70%
contra F. incarnatum, aislado de raiz de Ginseng
(Panax ginseng).

Table 3. Doses of the fungicides that inhibit 50% of the mycelial growth in fungi isolated
from commercial Bouteloua curtipendula seeds.
Cuadro 3. Dosis de los fungicidas que inhiben 50% del crecimiento micelial en hongos
aislados de semilla comercial de Bouteloua curtipendula.

CE,,mgL"
Producto Alternaria Bipolaris Fusarium
alternata cynodontis incarnatum

Captan 61.90 37.44 16.48
Mancozeb 4.40 9.50 36.00
Benomilo >100 >100 14.50
Procloraz 0.014 0.018 0.004
Tiabendazol >5.00 >5.00 2.66
Tiofanato-metil 0.77 0.49 0.28
B. subtilis 0.00015 0.00023 0.00014
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to inhibit 50% of the fungus, therefore its efficiency
was low. On the other hand, B. subtilis (CE, at
0.00014 mg L") was efficient in all doses evaluated,
with inhibitions ranging from 97 to 100%,
showing that, starting at 0.01 mg L', it inhibited
F. incarnatum by 100%. Romero et al. (2015)
obtained similar data with B. subtilis at doses of
0.01 mg L' against F. solani isolated from chayote.
On the other hand, Song et al. (2014) observed that
at a concentration of 1 x 10° UFC of B. subtilis, a
control of 70% was reached against F. incarnatum,
isolated from ginseng (Panax ginseng) roots.
Captan inhibited an average of 93% of the
mycelial growth of the three fungi (Table 3),
due to its multisite action that interferes with the
cell respiration mechanism, making mycelial
development difficult and translocating to different
tissues to seeds or soil from the treatment (Pelaez
et al., 2016). Mancozeb presented an efficiency
of 93%. Its mechanism of action is based on the
modification and inactivation of proteins sensitive
to redox, such as those for transcription, translation,
and DNA oxidative stress, as well as other
metabolical processes that result in cytotoxicity and
with a multisite action that generates no resistance
in the pathogen (Roede and Miller, 2014). Benomyl
was only effective for F. incarnatum, which, like
Thiabendazole, was effective only for Fusarium;
this was also observed with Benomyl, since they
belong to the same chemical group and have similar
mechanisms ofaction (Pelaezetal.,2016). Sandoval
et al. (2011) mentioned that Fusarium is sensitive
to Benomyl. However, it is likely to be mutagenic
and may increase the resistance of pathogens to
its effect. On the other hand, Prochloraz displayed
an effectiveness of 94%. This fungicide belongs
to the chemical group of the Imidazoles, with a
preventive, interlaminar, systemic, and curative
action that inhibits the biosynthesis of ergosterol in
the fungal cell membrane, which also relates to cell
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Captan inhibié en promedio, 93% del creci-
miento micelial de los tres hongos (Cuadro 3); lo
anterior, debido a su modo de acciéon multisitio que
interfiere con el mecanismo de respiracion celular,
dificultando el desarrollo micelial y translocandose
hacia diversos tejidos a partir del tratamiento a se-
millas o suelo (Pelaez et al., 2016). Mancozeb pre-
sento efectividad de 93%, su mecanismo de accidon
se basa en la modificacion e inactivacion de pro-
teinas sensibles a redox como aquellas para trans-
cripcidn, traduccion y estrés oxidativo del ADN,
ademas de otros procesos metabolicos que resul-
tan en citotoxicidad; ademas, a través de un modo
de accion de multisitio que no genera resistencia
en el patogeno (Roede y Miller, 2014). Benomilo
solo fue efectivo para F. incarnatum; al igual que
Tiabendazol, resultd efectivo solo para Fusarium;
lo anterior se observd también con Benomilo, dado
que pertenecen al mismo grupo quimico y poseen
similitud de accion (Pelaez et al., 2016). Sandoval
et al. (2011) mencionaron que Fusarium es sensi-
ble a Benomilo; sin embargo, es probable que sea
mutagénico y puede incrementar el grado de resis-
tencia de patdgenos ante su efecto. Por otro lado,
Procloraz presentd efectividad de 94%, este fun-
gicida pertenece al grupo quimico de Imidazoles,
con accioén preventiva, translaminar, sistémica y
curativa que inhibe la biosintesis de ergosterol en la
membrana celular fingica, mismo que se relaciona
con el crecimiento y division celular (Tapia, 2005).
Tiofanato-metil presento alta efectividad de inhibi-
cion (96%) de crecimiento de las tres especies de
hongos investigadas, este es un fungicida sistémico
(con movimiento en la planta a través de xilema),
de tipo preventivo; el cual, causa anormalidades en
la germinacion de esporas, interfiere en la mitosis
y la sintesis del ADN de las células fungicas (Al-
burqueque y Gusqui, 2018). Es reconocido que el
tratamiento a semillas controla patogenos de raiz
como Rhizoctonia y Fusarium spp.; sin embargo,
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growth and division (Tapia, 2005). Thiophanate-
methyl displayed a high effectiveness in the
inhibition (96%) of growth in the three species of
fungi investigated. This is a systemic fungicide
(with movement in the plant through the xylem),
of the preventive type, which causes abnormalities
in the germination of spores,
mitosis and the DNA synthesis of fungal cells
(Alburqueque and Gusqui, 2018). The treatment on
seeds is known to control root pathogens, such as
Rhizoctonia and Fusarium spp., although the best
inhibitor was the biological inhibitor B. subtilis,
since the minimum concentration evaluated (0.005
mg L) inhibited 97% of the mycelial growth
of the three fungal species of phytopathogenic
fungi isolated earlier and defined as dominant in
commercial B. curtipendula seeds. B. subtilis has
been identified as a producer of a wide range of
bioactive compounds that potentially inhibit the
growth of phytopathogenic fungi (Bottero et al.,
2017), which have several action mechanisms,
altering cell processes such as the intracellular
calcium homeostasis, energetic metabolism, and
the processing of RNA (Villareal et al., 2018).

The evaluated concentrations are represented by
their logarithmic analog, resulting in the sigmoidal

interferes in

line in which B. subtilis establishes a clear
antagonistic response and has a high resistance to
handling and easy acquisition in the market, making
it a valuable tool to optimize the establishment of
prairies of this species, thus improving the seed’s
health safety.

The results show the effectiveness of the
fungicides evaluated for the control of the
three fungi, with the exception of Benomyl and
Thiabendazole. Combining contact + systemic
fungicides is a common practice that supplements
the treatment, ensuring the protection of the seed
and its germination by suppressing the action of
phytopathogenic fungi (Arriagada, 2000).
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el mejor inhibidor fue el biologico B. subtilis; lo
anterior, dado que a la concentracion minima eva-
luada (0.005 mg L) inhibié 97% del crecimiento
micelial de las tres especies de hongos fitopatoge-
nos aislados previamente y definidos como domi-
nantes en semilla comercial de B. curtipendula. Se
ha identificado a B. subtilis como productor de una
amplia gama de compuestos bioactivos potencial-
mente inhibidores del crecimiento de hongos fito-
patogenos (Bottero et al., 2017); los cuales, tienen
multiples mecanismos de accion, alterando pro-
cesos celulares como homeostasis intracelular de
calcio, metabolismo energético y procesamiento de
ARN (Villareal et al., 2018).

Las concentraciones evaluadas estan repre-
sentadas por su analogo logaritmico, dando como
resultado la linea sigmoidea donde B. subtilis es-
tablece una marcada respuesta antagonica, la cual,
ademas, posee elevada resistencia al manejo y de
facil adquisicion en el mercado, por lo que es una
herramienta valiosa para optimizar el estableci-
miento de praderas de esta especie, mejorando asi
la sanidad de la semilla.

Los resultados muestran la efectividad de los
fungicidas evaluados para el control de los tres
hongos; con excepcion de Benomilo y Tiabenda-
zol. La combinacién de fungicidas contacto + sis-
témico es una practica comun que complementan el
tratamiento, asegurando la proteccion de la semilla
y su germinacion suprimiendo la accion de hongos
patogenos (Arriagada, 2000).

Los fungicidas de contacto Captan y Mancozeb
y los sistémicos Procloraz y Tiofanato-metil dieron
resultados variables para el control de A. alternata,
B. cynodontis y F. incarnatum. Los fungicidas sis-
témicos inhibieron el crecimiento micelial a bajas
concentraciones; lo anterior, en comparacion con
aquellas alcanzadas por Captan y Mancozeb. No
es recomendable el uso de Benomilo y Tiabenda-
zol debido a la baja inhibicion presentada. Bacillus
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The contact fungicides Captanand Mancozeband
systemic fungicides Prochloraz and Thiophanate-
methyl gave variable results for the control of A.
alternata, B. cynodontis and F. incarnatum. The
systemic fungicides inhibited the mycelial growth
at low concentrations in comparison with those
reached by Captan and Mancozeb. The use of
Benomyl and Thiabendazole is not recommendable
due to the low inhibition displayed. Bacillus subtilis
displayed the highest mycelial growth, starting
at 90% for the lowest concentration evaluated
(0.005 mg L"), therefore representing an important
alternative for the improvement of the sanitary
quality of the Bouteloua curtipendula seogens, due
to its low cost and availability in the market.
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