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Abstract— Entomopathogenic fungi are fungal organisms
extensively used in various parts of the world as
biopesticides against insect pests that cause important
economic damage. Various secondary metabolites
produced by these fungi have many potential biological
activities. The present study was undertaken to evaluate
the insecticidal activity of extracts and pure compounds
from
Nomuraea
rileyi
(Farlow)
Samson
entomopathogenic fungi against Spodoptera frugiperda
Smith (Lepidoptera), Ceratitis capitata Wiedemann
(Diptera) and Tribolium castaneum Herbst (Coleoptera),
three insect pests that generate serious economic losses in
the northwest of Argentina. Diketopiperazines were
extracted from the culture free supernatant of the media
with ethyl acetate. Antifeedant properties were detected in
all extracts under dietary choice conditions (300 ug/ g of
diet). The maximum antifeedant activity was noted in
cycles (Pro-Val) (86.02) and cycle (Pro-Phe) (73.47),
while the rest of the extracts and metabolites exhibited
varying degrees of moderate or less toxic effects. The
maximum oviposition deterrence against C. capitata
(55.86%) was recorded with cycle (Pro-Phe) at a 50
µm/cm2 dose. Culture medium extracts supplemented
with insect remains and all pure compounds showed
repellent action against T. castaneum. The main
repellency was observed in phenylacetic acid and cycle
(Pro-Val) with RI values of 42 and 41% respectively. The
present study would suggest the possible utilization of
entomopathogenic fungal metabolites as an effective
agent for controlling insect pests that cause important
economic losses.
Keywords— antifeedant, entomopathogenic fungi,
insect pests, oviposition deterrence, repellency.
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I.
INTRODUCTION
In the last four decades, many research groups have
concentrated their efforts in the search for bioactive
products derived from natural sources that represent an
alternative to conventional insecticides. The results of
these investigations constitute new tools for pest control
that differ fundamentally from conventional chemical
control in that they are more ecosystem friendly.
Among the biological controllers are predatory insects
and parasitoids, as well as insect pathogens, including
viruses and different genera and species of protozoa,
bacteria, fungi and nematodes (Asaff et al., 2002).
Entomopathogenic fungi (EF) are the main biological
agents used in integrated pest management systems. To
date, more than 750 species of entomopathogenic fungi
belonging to almost 100 genera have been identified,
most of which are classified among the Zigomicota
(entomoptera), Deuteromicota (hyphomycetes) and
Ascomicota
(Roberts,
1989;
Hegedus
and
Khachatourians, 1995; Khachatourians, 1996). However,
only 10 of them have been or are currently being used in
commercial or experimental insect control formulations
(Lacey et al., 2001).
Although entomopathogenic fungi have many advantages
they are highly sensitive a varying climatic conditions
like extreme temperatures, drought and ultraviolet light.
They need more demanding storage conditions than
inorganic molecules to prevent pathogenicity loss. In
general, biological insecticides do not kill instantly, but
they achieve good levels of control between one and three
weeks after application, depending on the pest and the
environment. Hence, researchers have begun to look
produced metabolites for fungus to control pests and
avoid climatic dependance. A review of the literature in
recent decades shows that a considerable number of low
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molecular weight secondary metabolites isolated from
insect pathogens have proved to have insecticidal activity
(Gilliespie and Claydon, 1989). Many secondary
metabolites produced by entomopathogenic fungi are
common to several of them and have been detected in
most cases by their in vitro production, which is
significantly affected by the conditions and composition
of the culture medium (Khachatourians, 1996).
Nomuraea rileyi (Farlow) Samson has been reported as a
pathogen of more than 30 species of lepidopteran larvae,
especially when they are in humid weather conditions
(Devi et al., 2003). It has been mainly isolated from dead
insects and cultivated soils, being very closely associated
with important phytophagous species, such as Spodoptera
frugiperda (J.E. Smith) in maize fields (Wyckhuys and
O'Neil, 2006). Although the potentiality of the fungus as a
biological control agent is recognized, it has not yet been
widely used as a mycoinsecticide (Edelstein et al., 2004)
because it is highly sensitive to nutritional and
environmental conditions as compared to other
entomopathogenic fungi and this characteristic limits its
mass production. Previous studies have reported that the
fungus Nomuraea rileyi produces active metabolites
against insects (Ignoff et al., 1976; Wasti and Hartmann,
1978; Kucera and Sansinakova, 1968; Mohamed and
Nelson, 1984; Ye et al., 1993), some metabolites showed
toxic activity against larvae of Heliohis zea, H. virescens
(Mohamed and Nelson, 1994) and Bombyxmori (Ye et al,
1993). Additionally, it is known that the addition of insect
derived material in the broth culture could trigger the
biosynthesis of bioactive compounds by EF (Lee et al.,
2005; Kikuchi et al., 2004; Cartagena et al., 2014).
Spodoptera frugiperda (Lepidoptera), is a polyphagous
species with a wide geographic distribution, from
Argentina and Chile, to the south of the United States. Its
preferential host is maize, causing important losses and
putting at risk the productivity of the same. In Argentina
it was declared a national pest in 1988 (Murua et al.,
2003). Among crops attacked are sorghum, alfalfa, cotton,
rice, soybean, peanut, tomato, pepper, poroto, onion,
sunflower, cabbage, cauliflower, etc. It is the main pest of
the northwest and northeast of Argentina (Willink et al.,
1990).
The Mediterranean fruit fly (medfly) Ceratitis capitata
(Wiedemann) (Diptera Tephritidae) is a key pest that is
distributed worldwide and attacks more than 250 species
of fruits and vegetables (Morales et al., 2004), causing
large economic losses.
Tribolium castaneum Herbst (Coleoptera: Tenebrionidae)
is one of the most widespread and destructive pests of
stored products, feeding on different stored grain, and
grain (Padín et al., 2013). In Argentine, it is one key pest
of stored grain in the ports (Stefanazzi et al., 2011). T.
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castaneum known as ‘‘the red ﬂour beetles’’ attack stored
grain products causing deterioration, especially loss of
quality and weight during storage. In addition, they may
cause an allergic response (Kumar et al., 2008).
The objective of the present work was to evaluate the
insecticidal activity of extracts and pure compounds
isolated from cultivations of Nomurae rileyi,
entomopathogenic fungus, with and without the addition
of insect-derived material against Spodoptera frugiperda
(Smith) (Lepidoptera), Ceratitis capitata (Wiedemann)
(Diptera) and Tribolium castañeum (Herbst) (Coleoptera),
insect plagues that generate serious economic losses in
the Argentine northwest.
II.
MATERIALS AND METHODS
2.1 General
NMR spectra were recorded on a Bruker AC spectrometer
operating at 300 MHz for 1H and 125 MHz for 13 C with
TMS as internal standard in CDCl3. The mass spectra
were recorded on a THERMO POLARIS Q (EIMS). For
HPLC separation of mixtures, Waters equipment was
used. Detection was accomplished by the use of refractive
index detector. Column Phenomenex Luna C8 (5 µm, 10
mm i.d. x 250 mm), was used. Retention time was
measured from the solvent peak.
2.2 Culture of entomopathogenic fungi
Nomuraea rileyi strain ARSEF 1972 were isolated from
Spodoptera frugiperda [Lepidoptera: Noctuidae], in
Bahia (Brazil) in 1985. The strains were assigned to Dr.
Mario Arena, by Professor Richard A. Humber, ARSEF
Director (ARS Collection of Entomopathogenic Fungal
Cultures), New York (USA). N. rileyi was maintained to
Sabouraud-maltose agar supplemented with 1% yeast
extract (SMAY) and was incubated in an oven at 25±2 °C
for 14 -15 days until they developed dense sporulation.
The spores were resuspended with sterile water
containing 0.05 % Tween 80. The desired spore
concentration were determined using an improved
Neubauer chamber and adjusted to 8.7 10 8 spores/Ml.
2.3 Experimental culture media
Three experimental culture media were developed:
Medium A: Sabouraud-maltose fortified with 1% yeast
extract (SMY) + 3 % (v/v) of the suspension spores of N.
rileyi ARSEF 1972.
Medium B: SMY + 1 % (w/v) of S. frugiperda cuticles
(powder) + 3 % (v/v) of the suspension spores of N. rileyi
ARSEF 1972.
Medium C: SMY + 1 % (w/v) of S. frugiperda cuticles
(powder)
All culture media (A, B and C) were cultivated for 15
days at 25 °C at 180 rpm on a rotating shaker.
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2.4 Preparation of extracts from different culture media
After the incubation period, the biomass and insoluble
residues were separated to the supernatants by filtration.
The filtrate media obtained from the different culture
media was carried out three liquid-liquid extractions with
ethyl acetate (AcOEt) in equal parts. To the biomass and
insoluble residues were made solid-liquid extractions with
AcOEt and then with methanol (MeOH). The organic
phases obtained were then evaporated on a rotary
evaporator under reduced pressure. The weight and yield
of the dry extracts were determined for each case. Fig. 1
shows the experimental design of the extracts obtained.
2.5 Isolation, purification and structural elucidation of
fungal metabolites
The ethyl acetate extract from the supernatant of Medium
B (4,5 g) was subjected to silica gel CC (70–230 Mesh)
with CHCl3 and increasing amounts of EtOAc (0–100%)
and ﬁnally MeOH, as eluents, to give 9 fractions of 10
mL each. The fractions III, IV, V and VI were selected
for their activity to continue the isolation.
Fr. III (148.7 mg), which eluted with a mixture of CHCl 3–
EtOAc (85:15), were combined and submitted to HPLC
(Column Phenomenex Ultremex C8, MeOH–H2O 65:35,
1.5 mL min-1) to give compound 1 (58.1 mg, Rt 4 min).
Fr. IV (147.1 mg), which eluted with a mixture of CHCl 3–
EtOAc (80:20), were combined and submitted to HPLC
(Column Phenomenex Ultremex C8, MeOH–H2O 2:1, 1.5
mL min-1) to give compounds 2 (10.5 mg, Rt 3 min) and 4
(9.6 mg, Rt 11 min).
Fr. V (146.1 mg), which eluted with a mixture of CHCl3–
EtOAc (50:50), were combined and submitted to HPLC
(Column Phenomenex Ultremex C8, MeOH–H2O 45:55,
1.5 mL min-1) to give compound 3 (18.2 mg, Rt 3 min).
Fr. VI (132.2 mg), which eluted with a mixture of CHCl 3–
EtOAc (0:100), were combined and submitted to HPLC
(Column Phenomenex Ultremex C8, MeOH–H2O 50:50,
1.5 mL min-1) to give compound 5 (5.6 mg, Rt 8 min).
The structures these compounds were completely
elucidated by using extensive spectroscopic methods and
by comparison with data previously reported in the
literature (Adamczeski et al., 1995; Pedras et al., 2005;
Huang et al., 2010; Yan et al,. 2004; Wang et al., 2010).

Fig.1: Ethyl acetate extract from the medium supernatant
without insect remains (MASAc); Ethyl acetate extract from the
medium biomass without insect remains (MABAc); Methanolic
extract from the medium biomass without insect remains
(MABMe); Ethyl acetate extract from the medium supernatant
supplemented with insect remains (MBSAc); Ethyl acetate
extract from the medium biomass supplemented with insect
remains (MBBAc); Methanolic extract from the medium
biomass supplemented with insect remains (MBBMe), Ethyl
acetate extract from the medium supernatant of insect remains
(MCSAc); Ethyl acetate extract from the medium biomass of
insect remains (MCBAc); Methanolic extract from the medium
biomass of insect remains (MCBMe).

2.6 Insect rearing
S. frugiperda larvae were obtained from our laboratory
population. The larval diet consisted of a mixture of yeast
(3 g), bean boiled and milled (250 g), wheat germ (12.5
g), agar agar (12.5 g), ascorbic acid (1.5 g), methyl phydroxybenzoate (1.5 g), formaldehyde (4 mL of a 38%
water solution), and water (500 mL).
The colony of C. capitata used in the bioassays derived
from the laboratory of the Experimental Agroindustrial
"Obispo Colombres" station. It was initiated with pupae
of oranges infested obtained in northwestern Argentina.
Adults were fed with a solution prepared with water and a
mixture of sugar and hydrolyzed protein ratio (3: 1) diet.
The brood chamber is maintained at 24 ° C ± 2 ° C, 60 ±
10% relative humidity and a photoperiod of 12L: 2D.
T. castaneum was collected from flour contaminated by
the insect. They were identified taxonomically, through
entomological keys and raised in the laboratory under
controlled conditions (25 ± 2) ° C and (65 ± 5) HR in
brood chamber and fed a diet of self-rising flour.
2.7 Antifeedant test against S. frugiperda (Choice test and
No Choice test)
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The antifeedant activity was tested based on the methods
described by Vera et al., (2008). A portion of artificial
diet was mixed with acetone and, after solvent removal in
vacuo, this portion was employed as control diet. Another
portion was mixed with an acetone solution of each
treatment, at 300 and 150 μg/ g of diet for extracts and
pure respectively. In the no choice test, the same amount
of control and treated diets were placed in a different
glass tube with a larva inside. Larvae were allowed to eat
and, when 50 % of control diet had been eaten, control
and treated diets were removed from the tubes and
weighted accurately. The experiment was carried out in
20 replicates. To evaluate the feeding behavior a “Feeding
election index” was calculated as FEI = (1 – T/C) 100,
where C and T represent the amounts eaten of control and
treated diets, respectively.
2.8 Insecticidal bioassay against S. frugiperda
Insecticidal bioassay against S. frugiperda was
investigated based on the methods described by Sosa et
al., 2017. The duration (days) of the larval period,
percentage the larval and pupal mortality and the number
of malformed adults were registered at 300 µg/ g of diet
for all the extracts.
2.9 Effects of extracts on food consumption and
utilization
Ten days after the beginning of the experiment, the larval
weight and diet eating were determined again, in order to
record the relative consumption rate (RCR), relative
growth rate (RGR), efﬁciency of conversion of ingested
food (ECI), were calculated as follows (Farrar et al, 1989;
Haouas et al., 2010).
2.10 Oviposition-Deterrent Activity against C. capitata
Oviposition-Deterrent Activity against C. capitata was
investigated based on the method described by Socolsky
et al., 2008. Artificial fruits (oviposition substrates) were
prepared. The surface of the wrapped cylinder was
pricked with a needle and treated with an acetone or
methanol solution of the sample to be tested. An amount
of 50 µg of extracts/cm2 and 25 µg pure compounds/cm2
were deposited, respectivily. The inhibition of oviposition
index (OI) was calculated: OI = [(1 − T/C) × 100]
2.12 Bioassay food preference and repellency against T.
castaneum
This test was adopted according to the method previously
described by Cartagena et al., 2014. The concentrations of
extracts and pure compounds were 250 and 125 µg per g
of diet, respectively. After 24 hours, count of the
individuals present was performed on both diets (T and
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C) and food preference was assessed by calculating the
food Preference Index (PI):
PI= (% ITD - % ICD) / (% ID + %ICD)
Where
% ITD = % insects in the treated diet
% ICD = % insects in the control diet
For PI value between - 1.00 and - 0.10 states that the
substance is repellent; PI between - 0.10 and 0.10 +
neutral substance is between 0.10 and + 1.00 + substance
is attractant (Procopio et al., 2003; Stefanazzi et al.,
2006).
The repellency is determined by the Repellency index
(RI), where positive values indicate RI repellency and
negative values, atractancia (Pascual Villalobos, 1998).
(C-T)/(C+T) x100
Where C = Insect in the control diet and T = Insect in the
treated diet
2.13 Statistical analysis
The results are reported as mean ± SEM. The differences
in the mean values were evaluated by analysis of variance
(ANOVA). The Tukey test was used for all pair wise
multiple comparisons of groups. In all statistical analysis,
P > 0.05 was considered not significant.
III.
RESULTS AND DISCUSSION
3.1 Isolated metabolites
The use of fungal biological control agents is a rapidly
developing field and is increasingly adopted and accepted
worldwide in the management of agricultural pests
(Jaronski, 2010; Hajek and Delalibera, 2010). In most of
the works carried out for the biological control of pests,
concentrations of conidia of entomopathogenic fungi are
used. There are few bibliographic records of fungal
extracts used as insecticides.
N. rileyi, another potential entomopathogenic fungus. It
has been shown that many insect species belonging to
Lepidoptera, including S. litura and some belonging to
Coleoptera, are susceptible to N. rileyi (Ignoffo, 1981).
The host specificity of N. rileyi and its ecofriendly nature
encourage its use in insect pest management. Wasti and
Hartmann, 1978 and Mohamed and Nelson, 1984 have
reported the toxic effects of mycelial extracts on
Lymantria dispar, Heliothis zea and H. virescens larvae.
Onofre in 2002 presented the insecticidal effect of N.
rileyi on A. gemmatalis after ingestion. However, most
studies to date have focused on the activity of N. rileyi as
an insecticide and its use as a control agent, but very little
is known about the metabolites responsible for this effect.
Prompiboon in 2008 and Supakdamrongkul in 2010 were
the first to isolate and identify N. rileyi metabolites that
were active against S. litura.
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In this work, after exhaustive chemical processing of the
MBSAc extract (5.0387 g) with a yield of 414.71 mg/L, it
was possible to isolate five pure compounds: phenylacetic
Acid (1), 1-Phenylbuten-2,3-diol (2), cycle (Pro-Val) (3),
cycle (Pro-Leu) (4) and cycle (Pro-Phe) (5). Compounds
3, 4 and 5 belong to the diketopiperazine family (DKPs)
and were reported for the first time in N. rileyi (Fig. 2).
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Fig.2: Compounds isolated from ethyl acetate extract from the
medium supernatant supplemented with insect remains
(MBSAc)

Diketopiperazines are naturally occurring cyclic
dipeptides, many of which show a wide range of
antimicrobial,
antiviral,
antitumor
and
immunosuppressive activities (Prasad, 1995). They have
been isolated from yeasts, lichens, fungi, bacteria and
marine sponges (Mitova et al., 2005) and their skeleton is
generated by the cyclization of two L-α-amino acids, so
that most naturally occurring DKPs have a cis
configuration (Bull et al., 1998).
Santamarina, 2002 and Gimenez, 2000 carried out tests
against Oncopeltus fasciatus with extracts obtained from
different strains, such as Aspegillus, Penicillum,
Fusarium, Alternaria and Trichoderma harzianum,
obtaining positive results. Beauveria bassiana, is one of
the most studied entomopathogenic fungi. It produces
metabolites such as bassianin, beauvericin, bassionolide,
beauveroiolide, bassacridin, oosporein, and tenellin (Jeffs
and Khachatourians, 1997; Quesada-Moraga and Vey,
2004). This would indicate that the production of active
metabolites is involved in the antagonistic effect of these
agents.
3.2 Antifeedant activity
In the Choice Test all the extracts tested (300 µg/g of
diet) presented an anti-alimentary effect with FEI values
above 42%. When the insects were fed one diet, only
extracts supplemented with insect showed intake
inhibition but it was significantly lower. However,
compounds 2-5 isolated from the MBSAc extract were
active in both tests (150 µg/g of diet). Diketopiperazines 3
and 5 were the most active in both tests (FEICH = 86 and
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FEINCH 81%) and (FEICH = 73 and FEINCH 75%),
respectively. Compound 1 was the only one that
stimulated ingestion in both tests (Table1).
A higher antifeedant index normally indicates a decreased
rate of feeding. An antifeedant is a chemical that inhibits
feeding without killing the insect directly, but causing it
to die through starvation when it remains near the treated
foliage (Yasui et al., 1998; Pavunraj et al., 2012).
Antifeedants offer first line of crop protection against
notorious insects. Any substance that reduces food
consumption by an insect can be considered an
antifeedant or feeding deterrent (Isman, 2002). In general,
antifeedants have profound adverse effects on insect
feeding behavior (Hummelbrunner and Isman, 2001).
Antifeedants can be described as allomone substances
which inhibit feeding and do not kill the insect pests
directly, but rather limit their developmental potential
considerably and act as a phagodeterrent or
phagorepellent over test as well as permanent insect pests
feeding on the plant (Lakshmanan et al., 2012).
3.3 Insecticidal bioassay against S. frugiperda
As shown in Table 2, the extracts tested at 300 μg / g
showed no significant differences in the physiological
indices (RCR, RGR, ECI) with respect to the control.
The test was continued by analyzing lethal and
sublethal effects produced by the substances until the
insects reached their last stage Table 2. The larval period
was not altered by the extracts tested. The AcOEt extracts
from the biomass and the supernatants of both culture
conditions showed a larval mortality between 10 and
20%. Malformation of adult insects was observed. The
MABMe extract showed the moderate percentage of
malformation (40%), which would result in a reduction of
the viable and fertile population of the insect.
3.4 Oviposition Deterrent test
The extracts from the fungus-insect medium were the
most active, showing moderate to strong action with
deterrence values higher than 50% at 50 μg / cm2. The
highest percentage belonged to MBBAc (OII 79%). Other
authors have reported a reduction in the oviposition rate
of C. capitata in fruits treated with commercial
formulations containing conidia of Beauveria bassiana
(Falchi et al., 2015). They also evaluated the efficacy of
the commercial bioinsecticide "Naturalis" based on the B.
bassiana ATCC 74040 strain against C. capitata
(Wiedemann) fruit oviposition. In laboratory conditions,
females of the Mediterranean fly preferred to place 5 to 3
times more eggs in untreated fruits than in fruits treated
with co-formulants of the bioinsecticide (Ortu et al.,
2009). Isolates of Metarhizium anisopliae and B.
bassiana were active against adults and pupae of C.
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capitata (Lacey et al., 2001; Ortu et al., 2009; Ekesi et al.,
2002; 2005; Dimbi et al., 2003; Konstantopoulou and
Mazomenos, 2005) while Paecilomyces fumosoroseus
(Wize) has been shown to reduce fertility and fecundity of
the Mediterranean fruit fly (Castillo et al., 2000).
However, since there are no reports of insecticidal activity
of N. rileyi on dipterans, our results would be the first to
report on the activity of N. rileyi extracts in the inhibition
of C. capitata oviposition. All compounds tested showed
a greater or lesser effect on the inhibition of oviposition
of C. capitata at the concentration of 25 μg / cm2 with
percentages ranging from 16 to 70%, the most active
being 1-phenylbuten-2,3-diol compound (2), followed by
5 and 1. This activity could be attributed to the presence
of an aromatic ring, a structural similarity that these
compounds possess.
3.5 Bioassay food preference and repellency against T.
castaneum
When analyzing the results obtained in T. castaneum, the
medium-insect extracts of Nomuraea were found to be
repellent. The methanolic extract of the MBBMe biomass
proved to be the most active, while the extracts from the
control-fungus medium proved to be attractive (Table 4).
The activity of Paecilomyces fumosoroseus on adults and
larvae of T. confusum and B. bassiana against Capnodis
tenebrionis (Coleopterus) are reported in previous works
(Michalaki et al., 2007; Marannino et al., 2006).
Most accounts of insecticidal activity of N. rileyi are
mainly on Lepidoptera. However, Ignoffo, 1981 reported
its activity on two Hypera punctata and Leptinotarsa
decemlineata beetles. Cartagena, 2014 shows that the
addition of T. castaneum components (2% w / v) in a
culture of the fungus Aspergillus parasiticus MOR3
induces the production of insect repellent substances
mentioned above. This would suggest the specific
biosynthesis of fungal metabolites in order to control the
insect. In this work, all compounds tested showed
repellent action, the most active being compounds 1 and 3
with RI values of 42 and 41% and PI values of -0.43 and 0.42 respectively, with no mortality at 125 μg / g diet in
any of the compounds tested (Table 4).
There is little information on the insecticidal activity of
DKPs. Only Cycloechinulin, was reported to be effective
in the control of coleoptera and lepidoptera such as H. zea
and Carpophilus hemipterus (de Guzman et al., 1993).
Three DKPs isolated from Eurotium cristatum with the
isopentyl group substituted by indole residues, showed
cytotoxic activity against Artemia salina (Chinese Patent
No: CN102675293 2012; Chinese Pat-ent No:
CN102669110, 2012). Recent studies revealed that Cycle
(Trp-Phe) exhibited dose-dependent anti-alimentary,
larvicidal and pupicidal activity against H. armigera. In
addition, the purified compound prolonged the larval and
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pupal period when compared to the untreated control
(Sathya et al., 2016).
IV.
CONCLUSIONS
Our results are the first account of insecticidal activity of
N rileyi extracts on three species of insect pests. In
addition, isolated dikepiperazines are reported for the first
time in this fungus. Although there are papers on the
activity of some DPKs on lepidopterans and beetles, no
publications were found on the insecticidal activities of
the three DPKs studied in this work. Hence, this would be
the first study to publish the insecticidal activity of these
compounds, besides being the first report on the
insecticidal activity of DPKs in Diptera, specifically
Ceratitis capitata.
These results would be promising for the development of
control agents for S. frugiperda, C. capitata and T.
castañeum, pests that generate serious economic losses in
the northwest of Argentina. In turn, these results show the
potential of diketopiperazines as leading structures for the
synthesis of new, more potent and environmentally
friendly insecticides.
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Table.1: Antifeedant activity of extracts and pure compounds of culture from N. rileyi ARSEF 1972 on S. frugiperda

FEEDING DETERRENCE INDEX

Compounds
(150 µg/g)

Extracts
(300 µg/g)

FEICH Choice test (%)

FEINCH No choice test (%)

MASAc

73.92 ± 7.91a

-7.41 ± 0.71a

MABAc

69.92 ± 11.73a

-21.73 ± 2.15b

MABMe

63.51 ± 12.60a

-34,32 ± 8,63c

MBSAc

61.70 ± 17.11a

21.41 ± 4.22d

MBBAc

75.28 ± 13.56a

22.30 ± 4.93d

MBBMe

42.43 ± 17.56b

10.13 ± 3.81e

1

-24,39 ± 4,04a

-20,04 ± 5,24a

2

58,91 ± 8,58b

65,64 ± 8,02b

3

86,02 ± 7,92c

81,66 ± 6,61b

4

49,85±5,79b

42,74±6,78c

5

73,47±7,57c

75,21±6,91b

Feeding election index ± SEM (n = 20). * The values in a column with the same letter do not present significant differences (P> 0.05,
Tukey Multiple Range Test).* FEI (%) = Feeding election index = [(1 − T/C) × 100], where C and T represent the amount of control and
treated diets, respectively, consumed during the test.

Table.2: Effect of N. rileyi ARSEF 1972 culture extracts, incorporated in an artiﬁcial diet, on larval development of S.
frugiperda larvae, pupae and adult insects.
PHYSIOLOGICAL INDEX

LETHAL AND SUB-LETHAL EFFECTS

RCR
(mg/mg/days)*

RGR
(mg/mg/days*

ECI
(%)*

Larvae period
(days)*

Pupae period
(days)*

Larvae
Mortality
(%)

Control

0.51±0.06a

0.25±0.03a

21.11±2.91a

15.41±1.41a

11.15±1.21a

5

-

5

MASAc

0.59±0.05b

0.18±0.01b

31.63±3.72b

15.13±2.61a

10.31±1.32a

11

-

23

MABAc

0.57±0.06b

0.18±0.01b

32.23±3.51b

14.11±1.31a

10.62±1.61a

20

-

14

MABMe

0.52±0.08a

0.19±0.01b

31.14±4.40b

15.92±1.13a

10.42±1.44a

-

17

40

MBSAc

0.59±0.04b

0.23±0.02c

37.40±4.51b

13.32±1.02a

11.73±1.24a

20

5

20

MBBAc

0.49±0.04a

0.22±0.01c

32.21±6.43b

14.51±1.33a

11.61±1.24a

10

25

20

MBBMe

0.58±0.04b

0.23±0.01c

37.11±3.15b

13.72±1.22a

11.62±1.23a

5

-

35

Extracts
(300 µg/g)

Pupae Malformation
Mortality
Adults
(%)
(%)

ECI: Efficiency of conversion of ingested food; RGR: Relative growth rate. RCR: Relative consumption rate.
*Values in a column with the same letter do not show significant differences (P> 0.05, according to Tukey's Multiple Range Test). The
values in the columns represent the mean ± SEM (n = 20).
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Table.3: Effect of culture extracts and compounds from N. rileyi ARSEF 1972 on the oviposition behavior of C. capitata

Compounds
(25 µg/cm2)

Extracts
(50 µg/cm2)

OVIPOSITION INHIBITION
Number of Eggs Laid on the Treated
Fruit*

Number of Eggs Laid on the
Control Fruit*

OII (%)*

MASAc

207.33 ± 12.06c

501.33 ± 20.13c

58.63 ± 2.17a

MABAc

252.00 ± 28.00d

437.33 ± 22.03 d

42.26 ± 7.47c

MABMe

148.00 ± 7.21e

404.00 ± 14.42d

63.30 ± 2.92a

MBSAc

98.00 ± 9.17a

269.33 ± 34.02a

63.14 ± 6.29a

MBBAc

45.00 ± 4.24b

216.00 ± 0.00b

79.17 ± 1.96b

MBBMe

113.33 ± 6.11a

320.00 ± 53.81a

64.11 ± 4.51a

1

117.33± 8.33a

208.00± 22.27a

43.43± 2.79a

2

61.00± 1.41b

248.00± 5.66b

75.39± 1.13b

3

180.00± 8.00c

214.67± 8.33a

16.13± 2.70d

4

174.67±6.11c

248.00± 6.93b

29.57± 1.64c

5

56.67± 3.06b

189.33± 8.33a

70.05± 1.60e

The values in the columns represent the mean ± SEM (n=3).*Values in a column with the same letter do not show significant differences (P> 0.05,
according to Tukey's Multiple Range Test). OI (%) = Inhibition of oviposition index = [(1 − T/C) × 100], where C and T represent the amount of eggs in the
treated and control oviposition substrate respectively.

Table.4: Effect of the extracts and compounds of N. rileyi ARSEF 1972 on the behavior of T. castaneum

FOOD PREFERENCE AND REPELLENCY INDICES

Compounds
(125 µg/g)

Extracts
(250 µg/g)

RI (%)*a

PI (%)*b

MASAc

-27,56 ±2.61d

0.28±0.02d

attractive

MABAc

-26.39 ±1.96d

0.26±0.03d

attractive

MABMe

-27.16 ±4.01d

0.27±0.04d

attractive

MBSAc

30.00 ±7.07a

-0.30±0.07a

repellency

MBBAc

17.75 ±4.90b

-0.18±0.05a

repellency

MBBMc

50.35 ±5.93c

-0.50±0.06c

repellency

1

42.50±3.49a

-0.43±0.04a

repellency

2

32.50±3.50b

-0.33±0.04b

repellency

3

41.79±2.54a

-0.42±0.02a

repellency

4

27.50±3.54b

-0.28±0.04b

repellency

5

17.50±3.54c

-0.18±0.04c

repellency

The values in the columns represent the mean ± SEM (n=3).*Values in a column with the same letter do not show significant differences
(P> 0.05, according to Tukey's Multiple Range Test). aPositive values indicate repellency. bPI values between -1.00 and -0.10 indicate that
the extract is repellent; between -0.10 and +0.10 the extract is neutral and if the PI is between +0.10 and +1.00 the extract is attractive.
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