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Abstract. Culture filtrates and mycelia extracts
(methanol and ethyl acetate) from nine selected
Mexican tropical fungal strains were tested
against second stage juveniles (J,) of Meloidogyne
incognita, in vitro conditions. The micromycetes
Acremonium kiliense TA31, Aspergillus sp. 2XAS,
Gliocladium sp. MR41, Selenosporella sp. MR26,
Stagonospora sp. TA34, and four unidentified
strains (TA13, 2TA6, 2TA7, and 2XA7) were
cultured on Czapeck-Dox medium for 14 days
and mycelial mat was separated by filtration for
metabolites extraction. Aspergillus sp. 2XA5 and
Selenosporella sp. MR26 showed the highest
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Resumen. Filtrados de cultivos y extractos de
micelio (acetato de etilo y metanol) de nueve ce-
pas fingicas Mexicanas tropicales se evaluaron en
condiciones in vitro contra juveniles de segundo
estadio (J,) de Meloidogyne incognita. Los micro-
micetos Acremonium kiliense TA31, Aspergillus
sp. 2XAS, Gliocladium sp. MR41, Selenosporella
sp. MR26, Stagonospora sp. TA34 y cuatro cepas
no identificadas (TA13, 2TA6, 2TA7 y 2XA7) se
cultivaron en medio Czapeck-Dox durante 14 dias
y la masa micelial se separd por filtracion para la
extraccion de metabolitos. Aspergillus sp. 2XAS y
Selenosporella sp. MR26 mostraron la mayor ac-
tividad nematodxica, tanto en filtrados de cultivo
(100% de mortalidad) como en extractos metandli-
cos (> 90% de mortalidad). La CE, mas baja (0.08
mg mL™") se obtuvo con el extracto de metanol de
la cepa 2XA7 no identificada. Los resultados obte-
nidos indican que la micobiota tropical tiene poten-
cial como agentes de control bioloégico de nemato-
dos fitopatogenos.
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nematotoxic activity both in culture filtrates (100 %
mortality) and methanol extracts (> 90 % mortality).
The lowest EC,; (0.08 mg mL"') was exhibited
by the methanol extract of the unidentified strain
2XA7. The results obtained indicate that tropical
mycobiota have potential as biological control
agents of plant parasitic nematodes.
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Meloidogyne incognita is one of the most im-
portant root-knot nematode in Mexican agriculture.
In Yucatan affects several important crops such as
habanero pepper (Capsicum chinense Jacq.), aloe
(Aloe vera L.), and tomato (Solanum lycopersicum
L.), among many others crops (Herrera-Parra et al.,
2011). A number of studies have reported that the
metabolic production of some fungi could be used
as part of management strategy (Xalxo et al., 2013;
Bhattacharjee and Dey 2014). These metabolites
include caryospomycins (Dong et al., 2007), chiti-
nases, glucanases, peroxidases, viridine, gliotoxin,
Trichodermine (Szabo et al., 2013) among others.

However, there is highly necessary develop-
ment more investigations on fungal potential in
this topic (Hernandez-Carlos and Gamboa-Angulo,
2011). In this sense, our natural products research
group has focused on screening potential regional
sources of eco-friendly compounds to be develo-
ped as natural nematicides to control this important
nematode. As results, the Selenosporella sp. MR26
strain has shown to have good effectivity against M.
incognita (Reyes-Estebanez et al., 2011). However,
in this study the nematotoxic effect detected was low
(2 %), when strains were grown in fermented rice.

Also, is well documented that microbial bios-
ynthesis of metabolites are in dependence on the
substrate and conditions of culture (Shinya et al.,
2008; Regaieg et al., 2010). Then, to continue the
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Meloidogyne incognita es el nematodo inductor
de agallas en la raiz mas importante en la agricul-
tura mexicana. En Yucatan, afecta a varios cultivos
importantes entre los que destacan: chile habanero
(Capsicum chinense Jacq.), sabila (4loe vera L.)
y tomate (Solanum lycopersicum L.), entre otros
(Herrera-Parra et al., 2011). Numerosos estudios
reportan que metabolitos secundarios producidos
por algunos hongos podrian aplicarse como par-
te de una estrategia para su manejo (Xalxo et al.,
2013; Bhattacharjee y Dey 2014). Estos metaboli-
tos incluyen caryospomycinas (Dong et al., 2007),
quitinasas, glucanasas, peroxidasas, viridinas, glio-
toxinas, trichoderminas, entre otros (Szabo et al.,
2013).

Sin embargo, es necesario realizar mas inves-
tigaciones relacionadas con el uso potencial de
hongos para estos propositos (Hernandez-Carlos
y Gamboa-Angulo, 2011). En este sentido, nues-
tro grupo de investigacion de productos naturales,
se ha centrado en la deteccion potencial de fuentes
regionales de compuestos naturales para desarro-
llar compuestos ecoldgicos, con efecto nematicida
para el control de este nematodo. Como resultado,
la cepa Selenosporella sp. MR26 ha demostrado
efectividad contra M. incognita (Reyes-Estébanez
et al.,2011). Sin embargo, en este estudio el efecto
nematotdxico detectado disminuy6 (2 %), cuando
la cepa del hongo se cultivo en arroz fermentado.

Se tienen reportes que indican que la biosinte-
sis de metabolitos por microorganismos, estin en
funcién del sustrato y las condiciones de su culti-
vo (Shinya et al., 2008; Regaieg et al., 2010). Para
continuar con la prospeccion de nuestras coleccion
de hongos, nueve cepas seleccionadas se activaron:
Acremonium kiliense TA31, Aspergillus sp. 2XAS,
Gliocladium sp. MR41, Selenosporella sp. MR26,
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Table 1. Effect of fungal culture filtrate (1 mL) and mycelium methanol extracts (0.3 mg mL™") from micromycetes strains against
1, of Meloidogyne incognita.
Cuadro 1. Efecto del filtrado de cultivo fingico (1 mL) y extractos metandlicos miceliales (0.3 mg mL™") a partir de cepas de
micromicetos contra J, de Meloidogyne incognita.

Mortality %

. Culture filtrates Mycelium extracts
Treatment Localities Substrate Methanol AcOEt

24 h 48 h 48 h 24 h 48 h
\Ucremonium kiliense TA31 1 A 27 cd 37b 25¢ 35d 7a 35b
Uspergillus sp. 2XAS 1 A 50 be 100 a 52 ab 100 a 0b 0d
Gliocladium sp. MR41 2 B 27 cd 37b 27 ¢ 47 ¢ 0b 0d
ISelenosporella sp. MR26 3 B 50 be 100 a 62 a 90 ab 6a 30b
IStagonospora sp. TA34 1 A 60 a 100 a 47 ab 86 ab 0b 0cd
\Unidentified TA13 1 A 20d 100 a NE NE 0b 0c
Unidentified 2TA6 1 A Oe 30b 0d 32d 0b 0d
\Unidentified 2TA7 1 A 65a 100 a 47 ab 87 ab 0b 10 ¢
\Unidentified 2XA7 2 A 35 bc 35b 51 ab 100 a 0b 10 ¢
IBlank - - Oe 0c 0d Oe 0b 0d
Positive control - - - 100 a - 100 a - 100 a
INegative control - - Oe | Oc | 0d Oe 0b 0d

Means with the same letter(s) in the column are not significantly different at P= 0.05 according to Tukey’s studentized range test.
Positive control: Vydate (Oxamyl 1 mL L"'). Blank: Czapeck-Dox medium/ organic extract / Medias con la misma letra (s) en la
columna no son significativamente diferentes a P = 0.05 de acuerdo con la prueba de rango multiple de Tukey. Control positivo:
Vydate (Oxamil 1 mL L' de agua). Blanco: medio Czapeck-Dox / extracto organico.

Negative control: water. Nt=no tested. / Control negativo: agua. NE = no evaluados

1: Yucatan 2: Veracruz 3: Tabasco. A: water B: leaves/ 1: Yucatan 2: Veracruz 3: Tabasco. A: agua B: hojas.

screening of our fungal collections, nine active
strains were choosen (Acremonium kiliense TA31,
Aspergillus sp. 2XAS, Gliocladium sp. MR41,
Selenosporella sp. MR26, Stagonospora sp. TA34,
and four unidentified strains: TA13, 2TA6, 2TA7,
and 2XA7). These strains were grown in Czapeck
Dox, a defined liquid medium (Gamboa-Angulo et
al., 2012; Reyes-Estebanez et al., 2011).

Therefore, the aim of this study was to test in
vitro culture filtrates, and mycelia organic extracts
(methanol and ethyl acetate) against second juve-
nile stage (J,) of M. incognita, and to measure the
median effective concentration of the most active
samples.

MATERIALS AND METHODS
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Stagonospora sp. TA34 y cuatro cepas no identifi-
cadas (TA13, 2TA6, 2TA7 y 2XA7). Estas se cul-
tivaron en medio liquido Czapeck Dox (Gamboa-
Angulo et al., 2012; Reyes-Estébanez et al., 2011).
Por lo anterior, el objetivo de este estudio consistio
en evaluar in vitro filtrados de cultivos y extrac-
tos miceliales (acetato de etilo y metanol) de estos
hongos contra el segundo estadio juvenil (J,) de M.
incognita, asimismo estimar la concentracion efec-
tiva media de los filtrados o extractos con mayor
efectividad antagonica.

MATERIALES Y METODOS
Material fingico. Cepas fungicas (Cuadro 1) se

activaron; de la coleccion de la Unidad de Biotec-
nologia del Centro de Investigacion Cientifica de
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Fungal material. Fungal strains (Table 1) from the
culture collection of the biotechnology unit of the
Scientific Research Center of Yucatan, C.A., were
originally isolated from leaves and water samples
collected in Tabasco, Veracruz, and Yucatan,
Mexico (Reyes-Estébanez et al., 2011; Gamboa-
Angulo et al., 2012).

Culture conditions and metabolites fungal
extraction. All strains were cultured in potato
dextrose agar (PDA) media at room temperature
(25+2°C, 16/8 hours light/darkness) for one week,
to obtain a suspension of hyphal fragments-spore
suspension (Reyes-Estebanez et al.,2011). One mL
of the suspension was transferred to Czapek-Dox
liquid medium (200 mL) contained in Roux bottles,
with three replicates per isolate. These cultures
were incubated for 2 weeks at room temperature,
in stationary conditions. Then the culture y s were
filtered through filter paper (Whatman® No. 42), to
separate the mycelial mat and the culture filtrate.
Mycelial mat was lyophilized (Labconco), ground
to powder using a glass mortar, and the respective
extract was obtained using ethyl acetate (3%, 100 mL
for 24 h, each time), followed by methanol (3x,
100 mL for 24 h, each time) to obtain non-polar
and polar compounds, respectively. Solvent was
eliminated under reduced pressure until dryness
to get organic crude extracts which were stored
at 4 °C in the dark. Culture filtrates, ethyl acetate
extracts (from mycelia and filtrate), as well as
methanol extracts were tested for nematotoxic
effects (Reyes-Estébanez ef al., 2008).

Nematotoxic assay. The nematode inoculum was
prepared as previously described (Cristobal-Alejo
et al., 2006). All fungal extracts (300 mg mL™")
were dissolved in 0.25 % tween 20, and culture
filtrates (1 mL) were sterilized by filtration through
0.45 um filter (Millipore) before use in bioassays
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Yucatan, A.C., las cuales originalmente se aislaron
de hojas y agua muestreadas en Tabasco, Veracruz
y Yucatan, México (Reyes-Estébanez et al., 2011;
Gamboa-Angulo et al., 2012).

Condiciones de cultivo y extraccion de metabo-
litos de hongos. Todas las cepas se activaron en
papa dextrosa agar (PDA) en condiciones de tem-
peratura y luz controlada (25 + 2 °C, 16/8 horas de
luz / oscuridad) durante una semana, para después
obtener una suspension de fragmentos hifales o de
esporas (Reyes-Estébanez et al., 2011). Un mL de
la suspension se transfirié a un medio liquido Cza-
pek-Dox (200 mL) contenido en botellas Roux, con
tres repeticiones por aislamiento. Estos cultivos se
incubaron durante dos semanas a temperatura am-
biente en condiciones estacionarias. Enseguida, los
cultivos se filtraron a través de papel filtro (What-
man® No. 42), para separar el filtrado del micelio
y obtener metabolitos polares. El material micelial
se liofilizé (Labconco) y se pulverizd en un mor-
tero de vidrio, para obtener el extracto respectivo
mediante acetato de etilo (3 x 100 mL durante 24 h
por tiempo), seguido de metanol (3 %, 100 mL para
24 h, por tiempo) y extraer metabolitos no polares.
El disolvente se elimind a presion reducida hasta
deshidratarlos completamente y obtener extractos
organicos crudos, los cuales se almacenaron a 4 °C
en oscuridad. Los filtrados de los cultivos y los ex-
tractos miceliales, sirvieron para su evaluacion ne-
matotoxico (Reyes-Estébanez ef al., 2008).

Ensayo Nematotéxico. El inéculo de nematodos
se prepar6é previamente (Cristobal-Alejo et al.,
2006). Los extractos de acetato de etilo y metano-
licos de los hongos se disolvieron (300 mg mL™")
en 0.25 % de Tween 20, y se esterilizaron (1 mL)
mediante filtracion a través de papel filtro (Milli-
pore) de 0.45 micras antes de su uso en los bioensa-
yos (Cristobal-Alejo et al., 2006; Candelero-de la
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(Cristébal-Alejo et al., 2006; Candelero-de la Cruz
et al., 2015). Initial assessments were conducted
with freshly hatched J, (10 each replicate) which
were placed in suspension, and incubated at room
temperature in special glass dishes for J, mortality
studies. Vydate (Oxamyl, 1 mL L' of water) was
used as positive control and negative control
included distilled water and a blank (Czapeck-Dox
medium extracts). Each extract was replicated four
times and maintained under laboratory conditions
using a completely randomized design. After 24
and 48 h, under a stereoscopic microscopic, the J,
were touched with a needle and those that did not
respond were classified as immobile. All J, were
counted and classified as mobile and immobile.
After 72 h, death of J, was confirmed by the
transfer of immobile J, to distilled water and further
examination (24 h).

Dose-inhibitory response curves using a dilution
series (0, 50, 100, 200, 300, 400 and 500 mg mL'")
were prepared for three of the most active extract in
culture filtrates and extracts (Aspergillus sp. 2XAS,
Selenosporella sp. MR26, and unidentified 2XA7).
In the case of culture filtrates, these were diluted to
50 and 25 % (v:v).

Results were reported as percentage of J, M.
incognita mortality. For the analyses of variance
data were arcosin transformed [y = arcosin (sqrt
(y/100))] and significant differences among
treatments were detected by Tukey's test (P=0.05)
(Steel and Torrie, 1988). Effective concentrations
(EC,, and EC,,) were obtained by transforming to
“Probit” and ten-base logarithms the calculated
percent mortality of data from the second assay
(Throne et al., 1995).

RESULTS AND DISCUSSION

VOLUMEN 34, NUMERO 1, 2016

Cruz et al., 2015). Para los estudios de mortalidad
se realizaron con J,, (10 cada réplica) recién eclo-
sionados los cuales se colocaron en siracusas es-
peciales de vidrio con los extractos y se incubaron
a temperatura ambiente. Se utilizé como control
positivo un nematicida; Vydate (Oxamil 1 mL"),
un tratamiento control negativo que incluyo agua
destilada y un control blanco (el medio Czapeck-
Dox). Cada extracto se repitid cuatro veces y se
mantuvo bajo condiciones de laboratorio distribui-
dos en un disefio experimental completamente al
azar. Después de 24 y 48 h, bajo un microscopio
estereoscopico, los J, que no mostraron movilidad
a través de un movimiento cuando se les estimul6
la region cefélica se consideraron inmovibles. Des-
pués de evaluarse los tratamientos, los J, se clasi-
ficaron como moviles e inmadviles. Posteriormente
después de 72 h, de exposicion a los extractos, la
mortalidad de los J, se confirmo al transferirlos en
agua destilada sin los extractos por un periodo de
observacion de 24 h.

Se emplearon diferentes dosis inhibitoria utilizan-
do diluciones (0, 50, 100, 200, 300, 400 y 500 mg
mL™") para tres extractos y filtrados con mayor ac-
tividad (4spergillus sp. 2XAS, Selenosporella sp.
MR26 y no identificados 2XA7). En el caso de los
filtrados, éstos se diluyeron a 50 y 25 % (v: v).

Los resultados de mortalidad de los J, de M.
incognita, se expresaron en porcentajes. Para los
analisis de varianza se tuvieron que trasformar me-
diante la funcion de arco seno [y = arcosin (sqrt
(s/100))] y cuando se detectaron diferencias signi-
ficativas entre tratamientos, se hizo la comparacion
de medias mediante la prueba de Tukey (P=0.05)
(Steel y Torrie, 1988). Las concentraciones letales
(CE,, y CE,) se obtuvieron mediante la transfor-
macion a logaritmos “Probit” base diez con los
datos del porcentaje de mortalidad haciendo un se-
gundo ensayo (Trono et al., 1995).
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Nematotoxic activity of culture filtrates and
mycelium methanol extracts on M. incognita is
summarized in Table 1. Ethyl acetate extracts did
not show nematotoxic effect (<50 %). The results
showed that the extracts from six strains (67 %)
immobilize J, M. incognita in at least one of their
filtrate or mycelial extract tested. Five culture
filtrates at undiluted concentration of Aspergillus
sp. 2XAS5, Selenosporella sp. MR26, Stagonospora
sp. TA34, and two unidentified strains (TA13 and
2TAT7), together two methanol extracts (Aspergillus
sp. 2XAS5 and unidentified 2XA7) displayed good
effect (85-100 % mortality) on J,. Moreover, there
was observed that Aspergillus sp. 2XAS, followed
by Selenosporella sp. MR26 displayed the most
significant nematotoxic effect, in both, their culture
filtrate and methanol mycelia extracts.

The toxicity of the filtrates and methanol
extract obtained from liquid culture medium from
Selenosporella sp. MR26 was higher as compare
to the one shown by extracts derived from solid
medium (Reyes-Estebanez et al., 2011).

When the juveniles were exposed to three
different concentrations of the Aspergillus sp.
2XAS5, Selenosporella sp. MR26 and unidentified
2XA7 active filtrates (Figure 1), there was a
concentration-dependent effect. The number of
immobile J, was higher at 50 % concentration and
almost all nematodes were paralyzed with a mean
value of 75.8 % mortality at48 h. The highest toxicity
was observed with all undiluted filtrates from the
active isolates. Similar results were reported for
culture filtrate from Nigrospora sp., cultivated on
Czapeck medium, when tested against juveniles
of M. incognita (Amin, 2013) The nematicidal
action of culture filtrates can be attributed to the
production of toxic metabolites or enzymes, as in
F. solani, where the action was a result of fungal
toxins and unused sugar and salt residues present
in the culture filtrate (Jain et al., 2008; Regaieg et
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RESULTADOS Y DISCUSION

La actividad nematotoxica de los filtrados y de
los extractos con acetato de etilo y metanolicos
fingicos contra M. incognita se resume en la Tabla
1. Los extractos con acetato de etilo no mostraron
efecto nematotoxico (<50 %). Los resultados indi-
caron que los extractos de seis cepas (67 %) inmo-
vilizaron a los J, de M. incognita. Cinco filtrados
sin diluir provenientes de Aspergillus sp. 2XAS,
Selenosporella sp. MR26, Stagonospora sp. TA34,
y dos cepas no identificadas (TA13 y 2TA7), dos
extractos metandlicos (Aspergillus sp. 2XAS5 y no
identificados 2XA7) mostraron efectos significati-
vos en la inmovilidad de los J, de los nematodos
(mortalidad de 85-100 %). El efecto nematotoxico
mas significativo se observo con los filtrado y los
extractos metandlicos de Aspergillus sp. 2XAS,
seguido por Selenosporella sp. MR26. La toxicidad
de los filtrados en medios liquidos y de los extrac-
tos metanodlicos de Selenosporella sp. MR26 fue
mayor que cuando éstos se obtuvieron en medio
solido (Reyes-Estébanez et al., 2011).

Cuando los juveniles se expusieron en filtrados
en tres concentraciones diferentes de Aspergillus
sp. 2XAS, Selenosporella sp. MR26 y la cepa no
identificados 2XA7 (Figura 1), el efecto dependid
de la concentracion. El nimero de J, inmdviles fue
superior al 50 % en la mas alta concentracion de los
extractos y al término de 48 h la mayoria de los ne-
matodos se inmovilizaron con promedio de muerte
del 75. 8 %. La toxicidad mas alta se observo con
todos los filtrados sin diluir. Resultados similares
se reportaron contra juveniles de M. incognita con
filtrados de Nigrospora sp., cultivado en medio
Czapeck (Amin, 2013). La accion nematicida de
los filtrados se atribuye a la produccion de enzimas
y otros metabolitos toxicos; en Fusarium solani,
la accion toxica fue asociado por la presencia de
toxinas del hongo y no por los compuestos de
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Figure 1. Nematotoxic effect of fungal culture filtrates at
different dilutions (0, 25, 50, 100 % v/v) against J,
of Meloidogyne incognita at 48 h.

Figura 1. Efecto nematotoxico de filtrados de cultivos fungi-
cos a diferentes diluciones (0, 25, 50, 100 % v/v)
contra J, de Meloidogyne incognita a las 48 h.

al., 2010). On the other hand, enzymes could play
a key role in fungal infection processes (Segers et
al.,, 1994). Extracellular hydrolytic enzymes such
as lipases, chitinases and proteases are considered
to be virulence determinants of entomopathogenic
fungi and they are involved in complex processes
leading to host cuticle penetration and cell digestion
(Regaieg et al., 2010).

The results of nematotoxic assays from
culture filtrates and mycelia methanol extracts
against M. incognita showed to be effective with
only five polar extracts (Table 1). The best effect
was produced by Aspergillus sp. 2XAS5 and the
unidentified strain 2XA7 (100 % mortality),
followed by Selenosporella sp. MR26 (90 %
mortality) at 48 h of exposure. Other strains such
as Stagonospora sp. TA34 and the unidentified
strain 2TA7 were less active than those mentioned
above with 47 % nematode mortality at 24 h and up
to 80 % mortality at 48 h. This nematotoxic effect
was particularly interesting since the fungal strains
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sales y azucares que constituyen el medio de culti-
vo donde creci6 (Jain et al., 2008; Regaieg ef al.,
2010). También, por la presencia de enzimas que
desempefian un papel importante en los procesos
de infeccion de los hongos, las cuales se relacionan
con su efecto antagdnico (Segers et al., 1994). En
este sentido, enzimas hidroliticas extracelulares ta-
les como; lipasas, quitinasas y proteasas en hongos
entomopatdgenos se consideran determinantes de
virulencia, ya que estan involucradas en los proce-
sos de penetracion de la cuticula y de la digestion
celular (Regaieg et al., 2010).

Los resultados de los ensayos nematotoxicos
con los filtrados y los extractos metandlicos de mi-
celio contra M. incognita mostraron eficacia solo
en cinco cepas, y los extractos con actividad son de
tipo polar (Cuadro 1). A las 48 h de exposicion, el
mejor efecto lo causaron los extractos provenientes
de Aspergillus sp. 2XA5 y la cepa no identificada
2XA7 (100 % de mortalidad), seguido por Selenos-
porella sp. MR26 (90 % de mortalidad). Otras ce-
pas como Stagonospora sp. TA34 y la cepa 2TA7
no identificada, fueron menos activos que los men-
cionados anteriormente con un 47 % de mortalidad
de nematodos a las 24 horas y hasta un 80 % a las
48 h. Este efecto nematotoxico fue particularmente
interesante ya que las cepas fingicas que causan la
inmovilidad del nematodo, es resultado de la ac-
cion de metabolitos intracelulares (endotoxinas) y
extracelulares (exotoxinas). El efecto nematotoxi-
co de la cepa no identificado 2XA7, sélo se pro-
dujo en el extracto micelial metanélico y no en el
filtrado, lo que indica que la sustancia téxica no es
secretada por hifas fungicas (endotoxina).

De acuerdo con la Tabla 1, los extractos meta-
noélicos miceliales ejercieron la actividad nemato-
toxico mas alta y se obtuvieron con Aspergillus sp.
2XAS, Selenosporella sp. MR26, y la cepa no iden-
tificada 2XA7. Estas al estimarse la CE,, y CE,,
(Cuadro 2), la cepa no identificada 2XA7 fue mas
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could be causing nematode immobility as a result
of intracellular (endotoxins) and extracellular
metabolites (exotoxins). The nematotoxic effect
of the unidentified fungus 2XA7 only occurred in
the methanol extract and not in filtrate, indicating
that the toxic substance is not secreted by fungal
hyphae (endotoxin).

According to Table 1, mycelia methanol extracts
with the highest nematotoxic activity obtained
from Aspergillus sp. 2XAS, Selenosporella sp.
MR26, and the unidentified strain 2XA7 were
chosen for estimation of EC, and EC, (Table
2). The most potent fungal extracts was the
unidentified strain 2XA7 with a median effective
dose of 0.08 mg mL™, followed by Aspergillus sp.
2XAS and Selenosporella sp. MR26 (EC,, values
of 0.20 and 0.26 mg mL", respectively). These
values are good in comparison with other fungal
compounds isolated from Paecilomyces lilacinus
6029 (LC values of 3.03 mg mL") and Verticilllium
chlamydosporum (500 mg L) (Khambay et al.,
2000; Sharma et al., 2014). Furthermore, it was
interesting to detect that Selenosporella sp. MR26
produces non polar nematotoxic metabolites when
grown on solid fermented rice media (EC, values
of 0.91 mg mL"") and polar in Czapeck-Dox liquid
medium (Reyes-Estebanez et al., 2011). Actually,
the isolation and identification of the metabolites of
Selenosporella sp. MR26 are in progress.

Table 2. Effective concentrations (EC, and EC,,) of methanol
extracts of those strains with the highest nematotoxic

activity against J, of Meloidogyne incognita at 48 h.

Cuadro 2. Concentraciones efectivas (CE, y CE,) de extrac-
tos metandlicos de las cepas con la mayor activi-

dad nematotoxica contra J, de Meloidogyne incog-

nita a 48 h.
Mycelia extract mg mL*

’ EC_ EC,,
Uspergillus sp. 2XAS5 0.201 5.05
\Selenosporella sp. MR26 0.259 3.87
[Unidentified 2XA7 0.082 2.53
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efectiva con una CE, de 0.08 mg mL"', seguido por
los extractos Aspergillus sp. 2XAS5 y Selenospo-
rella sp. MR26 (CE, de 0.20 y 0.26 mg mL"', res-
pectivamente). Estos valores se consideran buenos
en comparacion con la efectividad de compues-
tos aislados de otros hongos como Paecilomyces
lilacinus 6029 (con valores de CE,, de 3.03 mg
mLY) y Verticilllium chlamydosporum (500 mg L)
(Khambay et al., 2000; Sharma et al., 2014). Aun-
que el aislamiento y la identificacion de los meta-
bolitos de Selenosporella sp. MR26 estan en pro-
greso de identificacion, es importante mencionar
que Selenosporella sp. MR26 produce metabolitos
nematotoxico no polares, cuando se cultiva en me-
dios solidos fermentado de arroz (CE,  de 0.91 mg
mL") y metabolitos polares, cuando se desarrolla
en medio liquido Czapeck-Dox (Reyes-Estébanez
etal.,2011).

Por otra parte, Aspergillus es un género amplia-
mente conocido con una produccion altamente po-
lifacética, cuyos metabolitos activos de varias es-
pecies han demostrado propiedades nematotoxicas,
como A. awamoriy A. niger contra M. incognita y
A. quadrilineatus contra M. javanica (Bath y Wani,
2012). En A. niger se identificaron; brevianamide
A, itaconitina, acidos canadensico y micofendlico,
y en A. quadrilineatus produccion de flavoskyri-
na, dehydrocanadensolida y a-acido Collatolico
(Siddiqui y Futai, 2009; Akhtar y Panwar, 2013).

CONCLUSIONES

En el presente estudio, los datos obtenidos in-
dican que Aspergillus sp. 2XAS5 y Selenosporella
sp. MR26 son promisorios para controlar J, de M.
incognita. Ambos hongos producen en sus filtrados
y en sus extractos metandlicos miceliales, metabo-
litos de naturaleza polar; responsables de la activi-
dad nematotoéxica. Se requiere de investigaciones
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On other hand, Aspergillus is an extensively
known genus with a highly prolific production of
active metabolites, several species have shown
nematotoxic properties such as 4. awamori and A.
niger against M. incognita, and A. quadrilineatus
against M. javanica (Bath and Wani, 2012). From 4.
niger were brevianamide A, itaconitin, canadensic
and mycophenolic acids, and A. quadrilineatus
produces flavoskyrin, dehydrocanadensolide and
a-Collatolic acid (Siddiqui and Futai, 2009; Akhtar
and Panwar, 2013).

CONCLUSIONS

The experimental data obtained indicate that
Aspergillus sp. 2XA5 and Selenosporella sp. MR26
are the most promissory fungi herein detected to
control J, of M. incognita. Both fungi produce
great nematotoxic effect in their culture filtrates
and methanol mycelia extracts which indicate
polar nature of the metabolites responsible of the
activity. Furthermore investigations are required to
identify and characterize the molecules responsible
for the activity of the potential candidates detected
in this study. It will also be necessary to carry
out greenhouse trials to tests these nematotoxic
metabolites, and finally verify the environmental
safety of their use.
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