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In vitro evaluation of native entomopathogenic fungi and neem (Azadiractha
indica) extracts on Spodoptera frugiperda
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Abstract. The control of Spodoptera frugiperda is based
on synthetic insecticides, so some alternatives are the use of
entomopathogenic fungi (EF) and neem extract. The objective of
the study was to evaluate in vitro effectiveness of native EF and
neem extracts on S. frugiperda larvae. Six EF were identified by
DNA sequencing of ITS regions from three EF (Fusarium solani,
Metarrhizium robertsii, Nigrospora spherica and Penicillium
citrinum). They were evaluated in concentrations of 1 x 10° spores/
mL. In addition, a second bioassay was carried out evaluating
only F. solani, M. robertsii and N. sphaerica and the addition
of vegetable oil. On the other hand, extraction of secondary
metabolites from neem seed (Azadirachta indica) was carried
out by performing, mass (g) and solvent volume (mL ethanol
and water) combinations, which were subjected to microwaves
and ultrasound. Subsequently, these extracts were evaluated
in concentrations of 3%, 4% and 5%. A survival analysis was
performed for each of the bioassays. With respect to the results
of the first bioassay, F. solani obtained a probability of survival of
0.476 on the seventh day, while in the second bioassay, M. robertsii
obtained 0.488 survival probability. This suggests that the expected
percentage of larvae that stay alive on the sixth day is 48.8%.
However, in the evaluation of the neem extract the combination
1:12/70% to 4% caused 84% mortality of larvae. The use of native
HE and neem extracts has potential for the control of S. frugiperda.

Keywords: Bioinsecticide; Biological control; Fall armyworm;
Extracts; Seed.

INTRODUCTION

Spodoptera frugiperda (J.E. Smith) (Lepidoptera:
Noctuidae) commonly called the armyworm is an important
pest in many crops such as sorghum, rice, cotton and alfalfa
(Nexticapan-Garcéz et al., 2009). However, it shows greater
preference for maize and also during almost all its life cycle
can cause losses greater than 30% (Reséndiz et al., 2017). For
the control of S. frugiperda, mainly synthetic insecticides are
used, which can cause adverse effects on the environment
and human health (Garcia-Gutiérrez et al., 2012). Therefore,
alternatives that minimize the aforementioned adverse factors
are sought, one of which is the use of entomopathogenic
tungi (EF) (Garcia et al., 2011); these can be specific for
certain groups of insect pests, that is, they only affect
certain individuals (Rios et al., 2017); besides that they can
be produced and applied with conventional equipment in
their place of origin (Gonzédlez-Maldonado et al., 2015).
Around 750 species of EF have been reported affecting
pests of economic importance, among them some genres as,
Metarhizium, Beauveria, Isaria, Verticillium and Fusarium
isolates (Motta-Delgado and Murcia-Ordoilez, 2011).
For its use, it is necessary the correctly identify EF, since
traditionally, it is done by morphological characters (Allende
et al., 2013). However, it is only possible to determine
the genus and sometimes it is difficult to differentiate
among them (Rivera et al., 2016). The identification by
morphological characters can be complemented with other
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techniques; among them, molecular identification, an
efficient tool that involves DNA extraction, amplification and
sequencing processes (Berlanga-Padilla et al., 2016).

Neem, Azadirachta indica (A. Juss) (Meliaceae: Sapindales),
is also used for lepidoptera pests control such as S. frugiperda
(Garcia-Gutiérrez et al., 2012), because, it possesses bioactive
compounds with insecticide activity (Reyes and Ferndndez,
2013). Within these compounds are mentioned phenols,
quinones and flavonoids (Muiiiz-Reyes et al., 2016), with
azadirachtin being the main active ingredient (Reyes and
Fernandez, 2013). This compound regulates growth, causes
repellency, decreased oviposition and cessation of feeding in
insect pests such as S. frugiperda and S. eridania (Constanski
et al,, 2016). However, the effectiveness of any type of pest
control depends on multiple interactions, where the crop,
pest and environment are involved (Do Prado et al., 2014).
Therefore, it is convenient to carry out evaluations under
controlled environments that allow knowing and predicting
the effectiveness of a pest control strategy; strategies that must
subsequently be evaluated and validated in field conditions
or uncontrolled environments (Silva et al., 2002). Therefore,
the objective of this study was to evaluate in vitro effectiveness
of native entomopathogenic fungi and neem extract on S.
frugiperda larvae.

MATERIALS AND METHODS

Site of sampling and establishment of the experiment

In different agricultural areas of the Giilemez county,
Tamaulipas, Mexico, larvae of S. frugiperda with symptoms of
EF infection were collected. Additionally, 1 kg of agricultural
land was collected from this county and from Abasolo
county, Tamaulipas. The bioassays were carried out in the
Microbiology laboratory of the Integral Laboratory Center,
Faculty of Engineering and Sciences-the Autonomous
University of Tamaulipas.

Isolation of entomopathogenic fungi

In this step, 20 grams of soil were placed on Petri dish
with two larvae of Tenebrio sp. which were used as a trap
insect to obtain EE The larvae were checked every 24 hours
until the presence of EF was observed, then they were
disinfected with 3% NaClO and washed three times with
sterile distilled water and allowed to drain on paper towels
under a laminar flow hood. Once disinfected, larvae were
placed on papa dextrose agar culture medium and incubated
at 25 + 2 °C for 6 days. Subsequently, from the micellar
growth developed into the larva, EF isolation was performed
until the isolates were pure. The disinfection and purification
procedureswere repeated with the fungal isolates collected
from S. frugiperda. From both procedures, those EF that
showed different macroscopic characteristics were selected,
and were purified by hyphae tip and planted on papa dextrose
agar culture medium.
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Morphological identification entomopathogenic fungi

The morphological identification of the EF was done
using the taxonomic Barnett and Hunter (1998) keys. To
perform this step, assemblies were made from mycelium of
fungi stained with lactoglycerol blue in slide and coverslips
to observe their microscopic characteristics, such as shape,
size of hyphae and spores, under an optical microscope in
400X magnifications. Six EF were obtained, four of which
were isolated from the Gliemez soil (P1, P2, P3 and P4), one
obtained from S. frugiperda larvae (SFP2), this insect was
collected from the same municipality and another one from
Abasolo soil (A1).

Molecular identification entomopathogenic fungi

Isolation of genomic DNA from six EF was carried out
following the methodology described by Barth and Gallardin
(1996), in this case, 2 gram of mycelium of each isolated fungus
were employed. Then, the polymerase chain reaction (PCR)
was performed to amplify the ITS region using the primer
ITSR 5'-GGAAGTAAAAGTCGTAACAAGG-'3 and ITSF
5’- TCCTCCGCTTATTGATATGC- 3. The reaction mixture
was prepared with 14.5 uL of water mili-Q estéril, 3.5 pL Buffer
10x, (1.0 mL), 2.0 pL of each primer (10 pmoles/UI), 0.5 pL de
dNTP’s (10mM), 0.5 uL (5 U/pL) of Taq ADN polimerasaand
2 uL of ADN, obtaining a total volume of 25 uL. Subsequently,
samples were placed in a thermal cycler (AxygenMaxygene)
with the following conditions: an initial step of denaturation to
94 °C for 10 minutes, followed by 35 cycles at 94 °C for 1 minute
for P1, P2, P3, P4, Al and SFP2 DNA denaturing,subsequently,
annealing for 1 minute at 50.3 °C for P4, SFP2 and P3 DNA,
besides, a polymerization step at 54 °C for 1 minute, using P1,
P2 and A1 DNA, after that, an extension step for 1 minute at
72 °C. Finally, a period of one cycle of final extension of 10
minutes to 72 °C for P4, SFP2 and P3 DNA, in contrast for,
P1, P2 and A1 DNAby 5 minutes to 72 °C, in all cases, samples
were maintained at 4 °C.Then, PCR products were visualized
on a 1.5% agarose gel using 3 pL de ADN of reaction, 2 pL
of ethidium bromide, 2 uL of bromophenol blueand 1 uL of
molecular marker, bands were visualized using an ultraviolet
transilluminator (SPECTROLINE). Subsequently, they were
purified to be sequenced in both chains. The sequences obtained
were compared by homology with data from the National Center
for Biotechnology Information (NCBI) using the GenBank
database.

Extraction of secondary metabolites from neem seeds

Neem mature seeds were collected in the Victoria county,
Tamaulipas. Subsequently, they were dried in an oven at 65 °C
for 72 hours and ground in a manual mill. Two combinations
were madefrom the ground seeds, (mass of seed) and volume
(mL of solvent), the latter in 70% ethanol and 0% distilled
water, which corresponded to: 1:12/70% and 1:12/0%.
Subsequently, samples for extraction of secondary metabolites
were submitted to ultrasound (Bransson 5500) with a volume
of 5 L at 40 kHz, for 20 minutes and microwave (Mars 6
CEM) with carousel of 24 reactors of 50 mL with double cap,
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this process was carried out for 5 minutes at 70 °C with a
power of 800 W.

In vitro evaluation of entomopathogenic fungi

Two evaluations were carried out, in the first, seven
treatments were they used, the six EF and a control without
inoculum (sterile distilled water). In this case, 30 seconds
instar larvae were used in each treatment, which were
immersed for 3 seconds in a suspension 1 x 10® spores/
mL of the treatment to be evaluated, it is worth mentioning
that the spore count was performed by Neubauer camera
and by observation in a microscope, the larvae were placed
individually in plastic cups, due to their cannibalistic habit
and were fed with tender pieces of corn leaf. The number of
individuals killed in each treatment was recorded every 24
hours for 6 days.

In the second bioassay, P1, P3 and SFP2 were
evaluated, because in the first bioassay they showed greater
effectiveness and as a control was used sterile distilled
water. Fifty second stage larvae were used for each of the EF,
which were previously weighed before being treated. The
treatmentapplication was carried out as the first bioassay with
modifications, since unlike the first bioassay, a 15% sunflower
vegetable oil was used as adherent of the application.
Likewise, the larvae were kept under the same conditions as
the first bioassay for 10 days and every 24 hours the number
of dead individuals was recorded.

In vitro evaluation of neem extract

The extract 1:12/70% (A) and 1:12/0% (B) combinations
were evaluated at concentrations of 3%, 4% and 5% and distilled
water was used as a sterile control. In this step, 30 seconds stage
larvae were used in each of the seven treatments; the extract
application was made using an atomizer, a total of 5 mL for each
of the extracts in their respective concentrations. Then, the larvae
were placed individually in plastic cups to avoid cannibalism
and were fed with small tender pieces of corn leaves. They were
evaluated for 6 days and every 24 hours, the number of dead
individuals in each treatment was recorded.

Statistic analysis

For each bioassay, a survival analysis was performed
where nonparametric method using the Kaplan-Meier
estimator (Klein and Moeschberger, 2005) was performed,
the survival library (Therneau, 2018) and the R program were
used (R Core, 2016) for these analyses.

RESULTS

Morphological and molecular identification of
entomopathogenic fungi

Six EF were identified morphologically, three (A1, P3
and P4) of them were classified taxonomically within the
Fusarium genus, which presented macro and microconidia
septate, the cottony white mycelium which became purple
(Fig. 1). The molecular identification determined that
Al, P3 and P4 belonged to Fusarium solani. While, EF P1

corresponded taxonomically to Metarrhizium genus, which
presents conidia in chain, with a white color at the beginning
of its growth and later it turns to olive green. The molecular
identification of this EF determined that it is belonged to M.
robertsii. SFP2 corresponded taxonomically to the Nigrospora
genus, and molecularly to N. sphaerica, this isolate is
distinguished by conidiophores and chain conidia, in which
chain conidia occured in branched form (Fig. 2). On the
other hand, EF P2 was identified taxonomically as Penicillium
genus and molecularly as P. citrinum (Table 1).

P3 P4 A1

P3 P4 Al

Fig. 1. Macroscopic and microscopic characteristics of
Fusarium sp. (P3, P4 and Al).

P1 SFP2 P2

P1 SFP2 P2

Fig. 2. Macroscopic and microscopic characteristics of
Metarhizium sp. (P1) Nigrospora sp. (SFP2) and Penicillium
sp. (P2).

Evaluation of entomopathogenic fungi on S. frugiperda

In the first evaluation, three of the fungal isolates stand
out, F. solani (P3) in which the larvae recorded a survival
probability of 0.476 at day seven, that is, 47.6% of the S.
frugiperda larvae are still alive on that day. On the other hand,
the EF N. sphaerica obtained a survival probability of 0.567, for
which 56.7% of the larvae survive to day eight. In particular,
larvae treated with M. robertsii they got a probability of
survival from 0.575 to day seven. That is, it is expected that
after seven days of application 57.5% of larvae will survive
(Fig. 3). In this case, F. solanni (P3) was highlighted for causing
52.4% of S. frugiperda larvae mortality.
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Table 1. Molecular identification of entomopathogenic fungi obtained from the Abasolo and Gueémez counties,

Tamaulipas, Mexico.

Isolation code Fungi species Identity (%) Location Numer.o, de
accesion

Al Fusarium solani 100 Abasolo KY814675.1

P3 Fusarium solani 98 Giliémez KX688605.1

P4 Fusarium solani 100 Giliémez MF663680.1

P1 Metarhizium robertsii 100 Giiémez MF681620.1

P2 Penicillium citrinum 100 Giiémez KX817797.1

SFP2 Nigrospora sphaerica 100 Gliémez KX985964.1

Fig. 3. Survival function of S. frugiperda larvae treated with
entomopathogenic fungi. M. robertsii (P1), P. citrinum (P2),
F. solani (P3), F. solani (P4), F. solani (A1) y N. sphaerica
(SFP2).

The effect of EF on S. frugiperda larvae survival was not
constant over time (Fig. 4). From day two and until day
seven, after application, only significant differences (p = 0.05)
for S. frugiperda larvae survival was recorded between the
EF P1 and P3 isolates, in this period, the EF presented less
survival with respect to P3; however, from day seven to day
nine after application, there was no significant differences (p
= 0.05) for S. frugiperda larvae survival in the EF evaluated.
On the other hand, on day nine, again significant differences
(p = 0.05) were recorded between the EF P1 and P3 fungal
isolates, the EF P1 recorded lower S. frugiperda larval survival
with respect to the EF P3 isolate.
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Fig. 4. Survival function and confidence intervals at 95% of
S. frugiperda larvae treated with three entomopathogenic
fungi M. robertsii (P1), N. sphaerica (SFP2) and F. solani
(P3) and with addition of vegetal oil.

Evaluation of neem extract on S. frugiperda larvae

The extract of the combination 1:12/70% treatment
at a concentration of 3% on the second day was observed
0.433 survival probability, which is why 43.3% of the larvae
are expected to survive. In the concentration at 4% the
probability was 0.266 on day two, that is, 26.6% of larvae they
were alive; particularly in this combination all the larvae at
day four died. On the other hand, using the concentration of
5% a probability of 0.500 was observed, that is, 50% of larvae
can survive on day two.

On the other hand, with the treatment 1:12/0% to 3% on
the sixth day, 0.400 post-application survival was obtained,
so it is expected that 40% of the larvae will survive; in the 4%
concentration at day five, it is expected that 50% of the larvae
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will survive. While in the 5% concentration on the fifth day it
is expected that 46.7% of the larvae will survive (Fig. 5).

Fig. 5. Survival function of S. frugiperda larvae treated with
two extracts (A) 1:12/70% B) 1:12/0%), at 3 concentrations.

DISCUSSION

Morphological and molecular identification of
entomopathogenic fungi

Six EF of soil and larvae of S. frugiperda were isolated from
the maize crop, of which M. robertsii and F solani excelled due
to the number of dead larvae they registered in comparison
to the other treatments. It is worth mentioning that the latter
is not common to find it as an entomopathogen because it is
considered as a cause of diseases in some crops of economic
importance. However, Motta-Delgado and Murcia-Ordofiez
(2011), considered Fusarium spp., as one of the EF of importance
for control of agricultural pests. With regard to the latter, some
authors such as Sharma and Marques (2018) mention that F
solani, besides being a phytopathogen, has been found as an
insect pathogen and that it is sometimes in the soil but does not
infect plants; this fungus has been found in insects like Galleria
mellonella Linnaeus (Pyralidae: Lepidoptera). Borges et al.
(2010), they found that some secondary metabolites produced
by Fusarium spp., are used for the control of Choristoneura
fumiferana (Lepidoptera: Tortricidae) larvae.

On the other hand, M. anisopliae, B. bassiana and Isaria
fumosorosea have been found in soils of corn and sorghum
crops, as reported by Garcia et al. (2011). In comparison
to the evaluation carried out in this investigation, only M.
robertsii was found. It is important to note that Lezama et al.
(2005) report to Metarhizium sp. for the control of larvae of S.
frugiperda. Regarding M. robertsii, Ramanpreet and Michael
(2012) not only considered it as an insect pathogen but also
as a promoter of root growth in the plant.

EF isolated from soilwere using Tenebrio molitor larvae as
a trap insect to identify EF native from the Tamaulipas state;
whereas in a work performed by Garcia et al. (2011) in the

Michoacan state were used Galleria mellonella. Therefore, it
is suggested that there is a wide diversity of EF species and
that it is a function of the origin of the isolates. It should be
mentioned that the origin of the isolates and the conditions
of the place of origin can determine the presence of EF.
According to the above, Nava-Pérez et al. (2012), reported
that some insect pathogens have limited range of hosts, while
other species of fungi tend to expand it.

On the other hand, the EF of S. frugiperda larvae collected
in the field with symptoms corresponded to N. sphaerica.
This fungus is uncommon, however, Amin (2013), evaluated
filtrates of this fungus for control of Meloidogynes juveniles
(J2). So that, even though, they are of limited presence, they
can become infected with pests. The same happens with
Penicillium sp. however, Burgos-Duefas et al. (2014) found
that Penicillium sp. attacks Pseudips mexicanus Hopkings,
1915 (Curculionidae: Scolytinae), this insect is considered a
pest of pine and oak wood. In addition, they also reported
that it is used for Culex (L. 1762) (Diptera: Culicidae),
control, an insect vector of human pathogens.

Effects of entomopathogenic fungi on S. frugiperda

From the six EF evaluated in the first bioassay, the one
that obtained the highest mortality on larvae of S. frugiperda
was E solani (P3). However, the remarkable pathogenicity of
M. robertsii, which caused 43% mortality with concentrations
of 1 x 10® spores/mL on the sixth day is also worth to
mention. Angel-Rios et al. (2015), evaluated Metarhizium
sp. on larvae of S. frugiperda of third stage and caused 55%
mortality. The above coincides with that reported by Trujillo
et al. (2003) who found that M. anisopliae strains for control
of Thrips palmi, were effective in concentrations of 1 x 10°
spores/mL, obtaining an effectiveness of 67.5%. In addition,
Lezama et al. (2005) reported Metarhizium sp. for control
of S. frugiperda larvae. On the other hand, the origin of EF
determine the degree of virulence, as reported Garcia et al.
(2011) who evaluated the germination of native fungal spores
and determined that it depends on the host insect; this is
due to integument variation, penetration capacity of the EF
through the cuticle and that often this penetration may or
may not provide the point of support during the infection
processes.

In the second bioassay, with addition of vegetable oil, M.
robertsii on the ninth day caused 52% mortality in the second
stage S. frugiperda larvae. It should be noted that M. robertsii
was not isolated directly from the insects. It can be argued
that, use of this oil can increase effectiveness of EF spores
during the process of infection on the insect. In respect,
Cortez-Madrigal et al. (2006), mention that sunflower oil
applied to 15% with Lecanicillium lecanii (Zimm.) Zare
was efficient for Toxoptera aurantii Boyer control, it is also
mentioned that this oil is considered as an adjuvant that has
had positive results in formulation with EF; it is also important
to mention that the percentages of oil to be used, as well as
some conditions that allow the fungus to be repelled, will
depend on its effectiveness.
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In this regard, Morales et al. (2014) reported that use of
vegetable oils does not affected conidia effectiveness, on the
contrary, it maintains the spore for longer and offers greater
effectiveness in terms of mortality, but in a longer period.
Motta-Delgado and Murcia-Ordoiiez (2011) reported that
vegetable oil confers the fungus lower humidity availability,
since it is an important factor for reproduction effectiveness
and host infection.

Evaluation of neem extract on S. frugiperda larvae

In the evaluation of the neem seed extract, it was observed
that use of ethanol as a solvent, favored the extraction
process. Trujillo et al. (2008) reported that use of solvents
such as alcohol helps for appropriate extraction of secondary
metabolites. Therefore, it is considered that type and amount
of solvent used during extraction of secondary metabolites
significantly influences solvent effectiveness; since it makes
them more available and soluble. In addition, Trujillo et al.
(2008) showed that the lower the larval status, the greater the
effectiveness of the neem concentration, so in this bioassay
the selected larvae were second stage and also, because the
secondary metabolites present in the neem and which in turn
affect the neuroendocrine system of the insect prevents the
process of moulting and this increases the morbidity of the
secondary metabolites.

A

Fig. 6. Effects caused by the neem extracts on armyworm
larvae, A) Inhibition of feeding, B) Inhibition of moulting, C)
Healthy larva.

Therefore, it was observed in the evaluation that extract
A at 4% caused greater mortality compared to extract B in
its different concentrations. Besides, in the extract A at 3 and
4%, the larvae mortality occurred by contact, since, it was

DYTON ISSN 0031 9457 (2019) 88: 47-54

registered on the first day of post-application evaluation. Using
extract B, the mortality of S. frugiperda was 52%, so that most
larval larval deaths were recorded in the last days of evaluation.
As reported by Molina (2001) the ingestion mortality occured
around four days. The effects caused by the neem extract
in this bioassay on S. frugiperda were deformations and
decreased feeding (Fig. 6). It is worth of mentioning that,
all the treatments caused more than 50% mortality of S.
frugiperda larvae during the evaluation time, regardless of their
concentration. Trujillo et al. (2008) evaluated concentrations
of ethanolic extracts from cell suspensions of azadirachtin
and found that applying a dose of 5,000 ppm caused the death
of 70% of the larval population of S. frugiperda and a dose of
10,000 ppm caused the death of the 100% of the noctuidae. In
comparison, in this evaluation of two extracts with water and
ethanol as solvents; where extract A with 1:12/70% caused 84%
mortality of second stage larvae.

CONCLUSION

From the entomopathogenic fungi evaluated, the F. solani
and M. robertsii species showed in vitro effectiveness for
control of S. frugiperda larvae. In addition, use of vegetable
oil potentiates the effectiveness of entomopathogenic fungi.
On the other hand, the extract of the neem seed in the 1:12
combination with 70% ethanol was more effective on S.
frugiperda larvae. Therefore, ethanol concentration used in
this bioassay, contributes to the disposition of the biocidal
properties present in the neem seeds.
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