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ABSTRACT

Asclepias curassavica L. plant is toxic for vertebrates, and little is known about its effects on invertebrates, as well as whether its
secondary metabolites have an influence on food preference and survival of insects. Thus, a study was conducted to verify the action of
A. curassavica on Spodoptera frugiperda J.E.Smith. The plants were collected, dried and ground to compose a crude ethanolic extract.
Food tests were carried out with and without opportunity of choice, using corn leaf discs immersed in the extract at concentrations of
1%, 2% and 4%, for assessment of food consumption (g) and preference index. Later, the extract was topically applied on second- and
fifth-instar caterpillars, at concentrations of 1%, 2%, 4% and 6%, in order to observe its effect on survival. In parallel, analysis was
conducted to verify the presence and measure the amount of total polyphenols and flavonoids in the extract. There was contact action
between the extract and second-instar caterpillars at all concentrations, with treatment 6% causing 100% of mortality 72 hours after
application. None of the treatments promoted contact action on fifth-instar caterpillars. In food tests with and without opportunity of
choice, all treatments caused reductions in consumption, which classified all as phagodeterrent, with treatment 4% standing out as the
least favorite. The presence of total polyphenols and flavonoids was found in the extract, presenting 58.75 ug/mL and 150.1 ug/mL,
respectively. The A. curassavica extract proved promising in S. frugiperda control.
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INTRODUCTION

Composed of around 490 species, genus Aselgpiasis widespread
in the Paleotropical, Holarctic and Neotropical regions (Pereira
et al,, 2004), with some species having medicinal properties.
For instance, Asclepias curassavica L. (Pinaceae) acts in the
central nervous system and presents medicinal characteristics
for treatment of rheumatism, tumors, inflammations and eye
infections in mammals (Bernal and Correa, 1989; Li et al.,
2009; Duke and Vasquez, 1994). However, its effects on insects
are still contradictory. There are reports that A. cuwrassavica
diluted in ethanol is highly effective in controlling Nowophila

sp caterpillars (Lepidoptera: Noctuidae) (Costa et al., 2014).
On the other hand, no insecticidal activity has been observed
for second and fourth-instar Spodoptera frugiperda ].E.Smith
caterpillars, at 0.1% concentration (Macagnan et al., 2010).

In Brazil, it is estimated that genus Spodoptera (Lepidotera:
Noctuidae) is responsible for most expenses with pesticides
and losses that exceed 50% of damages caused by pests
(Figueiredo et al., 2006). Traditional control of this insect
is done with chemical products such as insecticides from
organophosphate, carbamate and pyrethroid classes, which
are highly toxic (Morillo and Notz, 2001).
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Thus, population control methods for . frugiperda are
necessary in agricultural crops, resorting to a lower use of
insecticides from the same chemical group or class and
aiming at their alternation or substitution (Baskar et al.,
2011). Substances with insecticidal activities that derive
from the secondary metabolism of plants are promising
and have been studied as new molecules for pest control
(Menezes, 2014). Kim et al. (2003) reported that, for the
rice weevil (Sizophilus oryzae), radish, mustard and cinnamon
essential oils caused 100% mortality after the first day
treatment, by direct contact, applying them on filter papers.
Murugesan & Murugesh (2008) observed 87% reduction in
the population of Henosepilachina vigintioctopunctata third day
after spraying with neem oil. According to Menezes (2005)
there are countless plants possessing insecticidal activity,
and many of them need be studied and introduced, when
possible, into agricultural properties as an alternative way
of pest control.

Considering the harmful effects reported in the development
of insects, A. curassavica offers a promising potential
in agricultural pest control. Thus, the objective was to
study the bioactivity of .A. curassavica ethanolic extract
on S. frugiperda under laboratory conditions, aimed at the
development of a botanical insecticide.

MATERIAL AND METHODS

Spodoptera frugiperda farming

The insects came from a farming environment established
in the Agricultural Entomology Laboratory of University
of Western Sio Paulo (UNOESTE), Presidente Prudente
city, Sao Paulo State, Brazil. In the farming, emerged
moths were stored in plastic boxes (cages) measuring
32.5x37.5x55.5 (Height x Width x Length) and internally
covered with filter paper, under temperature of 26.0°C+t
1.0°C, relative humidity (RH) of 60£10% and photophase
of 12 hours.

The moths were daily fed honey10%, which was placed
in Petri dishes with cotton for capillary feeding. Lays
were transferred to 75-mL capped plastic containers with
artificial bean-based diet (Parra, 2001). The mass farming
provided eggs and then, the caterpillars that were used in
the experiment.

Extract Making

For extract sourcing, A. curassavica plants at reproductive
stage were collected, stored in Kraft paper bags and dried in
air-circulation oven at 60°C for 48h. They were then ground
until 0.45-mm granulometry to obtain a fine powder that
was stored in hermetically-sealed glass containers at 24°C,
without lighting, until manipulation for the making of the
extracts.
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The powder obtained from the plant went through a
maceration process for a week with an ethanol 96%
solution for subsequent filtration. Filtration was done with
the aid of a conventional glass funnel, using germination
paper as filter. After filtration, the ethanol 96% was
returned to the container until covering 4 cm of the volume
filled by the powder. This procedure was repeated 7 times
until exhaustion, when maximum color loss of the extract
occurred during filtration, and the ethanolic extract was
obtained (Santana et al., 2013).

After the complete filtration process, all the solvent was
evaporated under reduced pressure in rotary evaporator to
obtain the crude ethanolic extract of the scatlet milkweed.

The crude ethanolic extract was stored in hermetically-
sealed glass containers wrapped with aluminum foil, at a
temperature of 24°C, without lighting, where it remained
until being used in the different assays. For the bioassays,
06,595 grams of _A. curassavica green mass were collected,
which later resulted in 1,522 grams of green mass, allowing
a total extraction of 11.5 grams of crude ethanolic extract,
that s, the extract yield in relation to fresh mass was 0.17%.

Food preference assays for S. frugiperda in relation
to corn leaves immersed in A. curassavica ethanolic
extract

Two tests were conducted in this bioassay: one with
possibility of choice between substrate (corn leaf) treated
with extract and non-treated substrate, and another without
possibility of choice, using only substrate treated with the
extract. These tests aimed to determine whether the extract
had phagostimulant or phagodeterrent action on the insect.

For the assay, hybrid corn P3250 (PIONNER) was sown in
2-liter black bags containing soil (red latosol) and fertilizer,
as per agricultural recommendations for the crop. The
plants were grown in environmental chamber, model
Fitotron SGC 120 Plant Growth Chamber, at a temperature
of 21°C during the day, and 18°C during the night, where
they stayed for 25 days; the leaves were then detached from
the stem of the plant.

Discs of 7 mm in diameter were taken from the leaves with
the aid of an iron hole cutter, and the discs were provided
to the caterpillars, according to treatment. The solutions
containing extract were prepared with ethanol 96% and
crude extract at concentrations of 1%, 2% and 4%. The
corn leaf discs were immersed in the respective solutions
for 20 seconds, as per methodology by Kogan and Goeden
(1970); afterwards, they were distributed on paper towel
and maintained at room temperature for the solvent to
evaporate and then provided to the caterpillars in the tests
with and without possibility of choice.
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The test with possibility of choice was carried out with
Petri dishes measuring 25 cm in diameter, with the bottom
covered with filter paper lightly moistened with distilled
water. Corn leaf discs were arranged on the paper — 3 per
dish: 1 disc (control) immersed in distilled water, 1 disc
(control) immersed in ethanol 96%, and 1 disc (treatment)
immersed in solution containing the extract at 1%, 2%
or 4% (Fig. 1A). All discs were arranged in triangles and
equidistant.

At the center of each dish, a second-instar caterpillar was
released. After 24 and 48 hours, the caterpillars were taken
away and the area of the discs was measured with the aid
of software Imagem J. Leaf consumption, per insect, was
obtained from the difference between the initial area of
the leaf disc and the remaining area after the caterpillars
ate. Each one of the treatments (1%, 2% and 4%) was
represented by a set of 20 dishes, with each dish being
one replicate.

The effect caused by the A. curassavica extract at different
concentrations was assessed using the food preference
index introduced by Kogan and Goeden (1970), based on
equation PI = (2A/(M+A), where: PI = preference index;
A = consumed area of treated discs; and M = consumed
area of non-treated discs. PI values range between zero
and two, being categorized as: phagostimulant effect,
if PI is above 1; neutral effect, if PI is equal to 1; and
phagodeterrent, if Pl is below 1.

The assay without possibility of choice (Fig. 1B) was
conducted and assessed just as the previous one, differing
from the latter only for the provision of leaf discs from
the same treatment, in each disc, to the caterpillars
(distilled water; ethanol 96%, extract 1%, extract 2% or
extract 4%).

Fig 1. Food preference assays models for S. frugiperda in relation
to corn leaves immersed in A. curassavica ethanolic extract. A - with
possibility of choice (discs on the same dish, from left to right: water,
ethanol 96%, extract at 1%, 2% or 3%). B — without possibility of choice
(discs on separate dishes, from left to right: water, ethanol 96%, extract
at 1%, 2% or 3%
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Assays for contact action between A. curassavica
ethanolic extract and S. frugiperda

To verify the contact action of A. curassavica ethanolic
extract on the insects at different stages, two assays were
conducted, one containing second-instar S. frugiperda
caterpillars, and another with fifth-instar caterpillars.
Different extract concentrations were assessed (0% or
control; 1%, 2%, 4% and 6%); before use, the treatments
containing extract were previously diluted in ethanol 96%.
In both assays, caterpillars individualized in 75-mL plastic
containers received, through a Hamilton syringe, a drop of
approximately 0.1 UL of extract on their backs, once. After
application of treatments, the caterpillars were inoculated
in artificial diet in accordance with Parra (2001), and then
observed at intervals of 30 minutes, 1 hour, 2 houts,
4 hours, 8 hours, 10 hours, 12 hours, 24 hours, 48 hours
and 72 hours, when the number of dead individuals was
counted. For each treatment, 20 caterpillars (replicates) of
the respective assessed instar (second or fifth) were used.

Analysis of A. curassavica secondary metabolites
Flavonoids: The methodology to determine the amount
of flavonoids present in the A. curassavica extract was
applied in accordance with Yao et al. (2013). The samples
contained 0.100 mL of extract + 0.400 mL of ethanol 70%
+0.050 mL of NaNO, (5%), with the “blank” containing
everything but the extract. After 6 minutes, there was
addition of 0.050 mL of AICL, (10%) + 0.300 mL of
NaOH (1 M) + 0.100 mL of water. Afterwards, the samples
rested for 15 minutes in the dark. The absorbance used
was of 510 nm. For the standard curve, a routine solution
of 1,000 pg/mL was prepatred and diluted for 25, 50, 75,
100, 250 e 500 pg/mlL. Thus, the curve and equation of
the line were determined, and the results were expressed
as Ug/mL. All analyses were performed in triplicates, and
means were calculated.

Total polyphenols: To determine the amount of total
polyphenols present in the A. curassavica extract, the
methodology by Stagos et al. (2012) was adopted. For the
standard curve, a gallic acid solution (1,000 ug/mL) was
prepared and diluted for 25, 50, 75, 100, 250 and 500 pg/
mL. The samples contained 25 UL of extract + 1,275 UL of
distilled water + 125 WL of folic acid. After 3 minutes, thetre
was addition of 350 UL of NaCO, + 750 UL of water. The
“blank” contained everything but the extract. After rest of
1 hour, reading was done using the absorbance of 765 nm.

Statistical Analysis

For all assays, data were subjected to the Shapiro-Wilk
normality test; then, with the normal data, the ANOVA
test was used, comparing means by Tukey’s test, and data
that did not follow normal distribution were subjected
to the Kruskall-Wallis non-parametric test for means
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comparison, through program Action 2.9 (Estatcamp).
In the food preference assays, analysis of variance was
performed as well.

RESULTS

Secondary metabolites

The phytochemicals found in the A. curassavica crude
ethanolic extract amounted to 58.75 ug/mL of total
polyphenols and 150.1 ug/mL of flavonoids (Table 1).

Food preference

The interest of the caterpillars in the corn discs treated
with different concentrations of A. curassavica ethanolic
extract differed from control treatments in the test with
possibility of choice (Table 1), indicating rejection by the
caterpillars of discs containing the extract, in all treatments.
Results show that the studied extract concentrations caused
a phagodeterrent effect on S. frugiperda, reducing the interest
of the caterpillars in the treated food. The treatment

Table 1: Secondary metabolites present in A. curassavica
ethanolic extract

Crude ethanolic Total ug/mL Flavonoids ug/mL
extract polyphenols

Asclepias + 58.75 + 150.1
currassavica

+ present

containing 4% of extract obtained the lowest absolute
result, showing that in the 24 hours after the food was
provided there was no consumption of treated corn discs,
and 48 hours after, consumption was nearly null (Table 2).
In addition to phagodeterrence, there was also a direct
relationship between the increase in the concentration of
A. eurassavica extract and the decrease in the consumption
of corn leaf area by S. frugiperda caterpillars (Table 2).

In the assay without possibility of choice, all treatments
with the extract also differed from control (Table 3) and,
equally, there was an evident increase of rejection by the
caterpillars of treated discs as the extract concentration
increased. The treatment that presented lower leaf area
consumption was 4%, with a reduction of 98% in relation
to the control immersed in distilled water. There was also
preference by the caterpillars for corn discs immersed in
distilled water, compared to ethanol 96%.

Caterpillar mortality via topical extract application
In the assay with fifth-instar caterpillars, the treatments
with extract did not differ from control, that is, none of
the experimented extract concentrations caused the death
of the caterpillars.

Differently, the second-instar caterpillars suffered the
action of the extract applied topically (Table 4). After

Table 2: Consumption of non-transgenic corn (cm?), of leaves treated with different concentrations of A. curassavica ethanolic

extract, by S. frugiperda caterpillars, with possibility of choice

Concentration Treatment Consumed area’ (cm?) 24h Consumed area’ (cm?) 48h Preference Index” Classification™
0% H20 0,324+0,026 0,568+0,0402 1 Neutral

0% ETHANOL 0,305%0,028? 0,507+0,0442 0,950 Phagodeterrent
1% EXTRACT 0,011=0,011° 0,0340,023° 0,113 Phagodeterrent
0% H20 0,197+0,036 0,320+0,0402 1 Neutral

0% ETHANOL 0,178=0,035, 0,303+0,0372 0,970 Phagodeterrent
2% EXTRACT 0,024 +0,010° 0,036*0,019° 0,200 Phagodeterrent
0% H20 0,293¢0,032 0,4230,0432 1 Neutral

0% ETHANOL 0,989+0,040° 0,359+0,068? 0,910 Phagodeterrent
4% EXTRACT 0,000*0,000° 0,011+ 0,011° 0,050 Phagodeterrent

Y =0,2091 e85 ; R? = 0,8366

Means followed by the same letter do not differ statistically from each other by the Kruskal-Wallis test at 1% level. **PI = 2A(M+A); where A = consumed area of
treated discs, and M = consumed area of non-treated discs. ***Classification: phagostimulant, if the index is above 1; neutral, if equal to 1, and phagodeterrent,

if below 1

Table 3: Consumption of non-transgenic corn (cm?), of leaves treated with different concentrations of A. curassavica ethanolic

extract, by S. frugiperda caterpillars, without possibility of choice

Treatment Concentration  Consumed area’ (cm?) 24h  Consumed area” (cm?) 48h Preference Index” Classification™
H20 0% 0,381+0,0032 0,741+0,0192 1 Neutral

ETHANOL 0% 0,318+0,024° 0,584+0,045° 0,880 Phagodeterrent
T1% 1% 0,023+0,014¢ 0,086+0,032° 0,209 Phagodeterrent
T2% 2% 0,005+0,005° 0,039+0,008° 0.100 Phagodeterrent
T4% 4% 0,005+0,004¢ 0,015+0,020° 0,039 Phagodeterrent

'Y = 0,4457 e0%6<; R = 0,8898

Means followed by the same letter do not differ statistically from each other by the Kruskal-Wallis test at 1% level. **PI = 2A(M+A); where A = consumed area of
treated discs, and M = consumed area of non-treated discs. ***Classification: phagostimulant, if the index is above 1; neutral, if equal to 1, and phagodeterrent,

if below 1.
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Table 4: Daily accumulated mortality (%) of second-instar S. frugiperda caterpillars after topical application of 0.1 pL/caterpillar of

ethanolic extract of A. curassavica collected at reproductive stage

Treatment Concentration 30 min 1h 2h 4h 6h 8h
H20 0% 0+0° 0+0 0+0° 0+0° 0+0° 0+0°
Ethanol 0% 10+0,67° 15+0,79¢ 15+0,79° 15+0,79° 15+0,79° 15+0,79°
T1% 1% 45+0,1112 45+0,111% 55+0,1112 55+0,1112 60+0,1092 60+0,1092
T2% 2% 45+0,1112 65+0,1062 65+0,1062 65+0,1062 70+0,1022 70+0,1022
T4% 4% 30+0,102% 35+0,106% 50+0,1112 60+0,1092 60+0,1092 60+0,1092
T6% 6% 25+0.0963>* 25+0.096 55+0.1112 75+0.0962 80+0.0892 85+0.0792
Treatment Concentration 10h 12h 24 48h 72h

H20 0% 0+0° 0+0 0+0° 0+0° 0+0°

Ethanol 0% 10+0,79> 15+0,79¢ 15+0,79° 15+0,79° 30+0,102°

T1% 1% 15+0,106° 65+0,106% 70+0,1122 85+0,0792 85+0,0792

T2% 2% 65+0,1022 75+0,0962 75+0,0962 75+0,0962 75+0,0962

T4% 4% 70+0,106%° 70+0,102 70+0,1022 70+0,1022 85+0,0792

T6% 6% 85+0.079%° 85+0.079™ 85+0.079% 85+0.0672 100+0.0002

Means followed by the same letter do not differ statistically from each other by the Kruskal-Wallis at 1% level

30 minutes of application on the backs of the caterpillars,
treatments 1% and 2% produced the best results in
relation to the others, with 40% and 45% of mortality,
respectively. Subsequently, starting 4 hours after application,
treatment 6% proved superior to the others, registering
75% of mortality and keeping a higher percentage of dead
caterpillars until the end of the assay. In the last assessment
(72 hours after application), treatments with the extract did
not differ from each other, but presented different values,
with treatment 6% causing 100% of mortality, followed
by 4% and 1%, with 85% of mortality, respectively, and,
lastly, treatment 2%, with 75% of mortality. Controls water
and ethanol, both different from extract treatments, did
not differ from each other, but the former did not cause
the death of the caterpillars, while the latter caused 30%
of mortality.

DISCUSSION

Secondary metabolites

In the present study, the crude ethanolic extract of
A. curassavica presented 58.75 ug/mL of total polyphenols
and 150.1 ug/mL of flavonoids, agreeing with Jawale
(2014), who, analyzing the same plant, also found the
presence of alkaloids, saponins, flavonoids, steroids and
tannins. The three main chemical classes mentioned as
having insecticidal and fungicide action are alkaloids,
phenols and terpenes (Boulogne et al., 2012), and it has
been reported that plants with larvicide activity contain
compounds that can act in combination or independently
(Ndung”U et al., 2004). In the present study, the presence
of polyphenols and flavonoids may explain the larvicide
action of the A. curassavica extract on S. frugiperda.

Matos etal. (2011) link the toxicity of this plant, especially in
the aerial parts, to the presence of a number of glycosides,
including asclepiadin, and glycosides are a common form
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of flavonoids (Forkmann et al., 1999). The rejection by
S. frugiperda of corn leaves treated with the A. curassavica
extract, verified in the present study, may also be related
to the presence of flavonoids. According to Dakora
(1995), flavonoids present great biocontrol potential, with
microbial and insecticidal activities, having repellency and
food deterrence action.

Besides the ingestion action, flavonoids may also explain
the contact action of the extract applied topically on
the caterpillars because, according to Hostettmann and
Marston (2005), contact insecticidal action on insects is
due to the presence, in vegetal extracts, of several bioactive
chemical products such as alkaloids, saponins, tannins,
flavonoids and steroids.

We can also attribute the high larval mortality rate of
S. frugiperda to the presence of polyphenols, reaching a
value of 100% with the A. curassavica extract at 6%. Souza
et al. (2013), assessing the aqueous extract of Myracrodruo
nurundenva at 5% and 10%, found mortality rates for
Zagrens bimaculosus eggs ranging from 50% to 100%,
respectively; for larvae and adults, these concentrations
caused the mortality of only 20%. The authors attributed
the observed mortality to the polyphenols and tannins of
the plant, since, according to Harbone and Grayer (1994),
Myracrodruon urundenva plant is characterized by the presence
of tannins and polyphenols, which protect the plants
against herbivores and diseases.

Thus, botanical insecticides stand out as a viable alternative
for pest control (Schoereder et al., 2012; Amoabens et al.,
2014); this is due to some particularities, including their
composition, which is a mix of active phytochemicals,
which can reduce the evolution rate of resistance in
comparison with the selective pressure exerted by unique
pure toxins (Arnason et al., 1993), such as chemical
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insecticides. Considering the chemical compounds present
and the effects on S. frugiperda, A. curassavica extract stands
out as a promising botanical insecticide.

Food preference

The food preference assay with possibility of choice
showed rejection by the caterpillars to corn leaf discs
treated with the A. curassavica ethanolic extract, in which
all assessed concentrations caused a phagodeterrent effect
on S. frugiperda, reducing the consumption activity of the
caterpillars. This deterrence is connected to the sensorial
mechanisms of the insect. The eating behavior of the
insects depends on the integration of the central nervous
system with chemoreceptors, located in the tarsi, in the
mouthparts and in the oral cavity, and on substances
found in plants with insecticidal activity, which may act
on chemoreceptors, stimulating deterrent cells or blocking
phagostimulants, inhibiting feeding (Mordue and Nisbet,
2000).

Other plants have also been studied and classified as to
food preference among insects. For example, Poncio
(2010), assessing the attractiveness of aqueous extracts
at 10% w/v of Agzadirachta indica, Nicotiana tabacum,
Melia agedarach, Encalyptus citriodora, Cedrella fissilis,
Trichilia clanssenii, Blepharocalyx salicifolius, Eugenia uniflora,
Cinnamomum camphora, Syzyginm cuminii, Cymbopo gonnardus,
Ateleia glazioviana, Ruta graveolens, tested in Brassica rapaleaves
provided to Microtheca ochroloma larvae, classified all
treatments as phagodeterrent. Similarly, Lourenco (2010),
assessing the effect of Sofalia guianensis essential oil at a
concentration of 300 UL/15mL on third-instar S. frugiperda
and Aunticarsia gemmatalis larvae, verified consumption
reductions of 59% and 66% in relation to non-treated corn
leaf sections, respectively.

The relationship found between the concentration increase
in the A. curassavica extract and the decreased consumption
of corn leaf area by S. frugiperda caterpillars shows the
importance of using not only an efficient product, but the
proper amount too. In this study, the concentration of 4%
proved more effective, as it prevented almost completely
the caterpillars from eating. In agriculture, this result can
help decrease damages caused to plants and, consequently,
resulting losses. The damage is associated with the injury
caused to the plants, and the injury is a consequence of
feeding by the caterpillars, therefore, if the immediate
objective is to reduce or stop the damage, the important
thing is to avoid the injury (feeding) and not necessarily
kill the insects instantly.

It is worth noting that tests with possibility of choice
are important to prove whether treatments are indeed
perceived by the insects, which then can decide not to
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eat treated leaves, given the option. In the field, this
shows the importance of uniformly applying products
with ingestion action during pulverization, in the
sense of eliminating the possibility of choice to pests.
If distribution failures occur in the application, the
caterpillars will try to feed on the non-sprayed plant
parts, reducing the efficiency of the operation, and,
consequently, compromising the product.

In the assay without possibility of choice, results were
similar: treatments containing extract were classified as
phagodeterrent; there was decrease in leaf consumption
with increased extract concentration, and the concentration
of 4% was the most effective one in inhibiting consumption
by the caterpillars. Mazzonetto et al. (2013), assessing the
repellency of aqueous extracts at 10% w/v on S. frugiperda
in corn leaves, in test without possibility of choice,
observed that Chenopodinm ambrosioides, Corymbia citriodora
and Chrysanthennm lencanthemum extracts did not present
significant difference in relation to control. This shows
that different plants can produce different effects, even if
on the same species of insect, making it necessary to study
the effect of each plant on each species of insect, without
possibility to generalize results.

This result opens up new possibilities in the management
of S. frugiperda populations, because given the fact that
caterpillars avoid plants treated with 4. curassavica extract
(4%) and choose to feed on untreated plants, we can think
in a control method using trap plants, protecting the crop
with the extract and attracting the pest to the other plants,
where after concentrating they will be annihilated, in order
to reduce the costs and the impact of a conventional
application.

In both food preference assays, with and without possibility
of choice, eating inhibition started soon in the first 24 hours
after extract application, showing, from a practical point of
view, that in the crop, even if the caterpillars do not die in
the first hours after extract application, they immediately
reduce or stop food consumption and, simultaneously, the
damage caused to plants.

Caterpillar mortality via topical extract application

The results evidence that the extract used at the highest
concentration (6%) was rather efficient in inducing the
mortality of the insects (100%), creating new perspectives
as to its utilization as insecticide in non-chemical pest
control. These data are corroborated by Costa et al. (2014)
while verifying the effectiveness of 4. curassavica extract
diluted in ethanol in a 1:10 proportion in the control of
Nomophila sp caterpillar (Lepidoptera: Noctuidae), in which,
after pulverization, the percentage of 0% of survival was
determined, indicating the effectiveness of the extract.
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S. frugiperda caterpillars have also proved susceptible
to other plant species, such as Trichilia clanssenii, which,
topically applied on second-instar larvae, in the dose of
1 UL of solution, showed that the methanolic extract of
the seeds caused 64% of mortality (Nebo et al., 2010).
Contact insecticides are widely used in agriculture, and
they become a very practical tool when the objective is to
control pests that are exposed in the aerial part of plants,
which represents a highly significant portion of agricultural
pest species.

The same assay replicated with S. frugiperda caterpillars in
the fifth-instar did not produce differences from treatments
with extract in relation to controls, indicating that the
susceptibility of the insects to the A. curassavica extract may
be different, according to each life cycle phase. Similarly,
Scott et al. (2005), while testing the insecticidal effect of
Piper nigrum extract directly applied to infested turfs at a
concentration of 20 mg.mL", on Rhizotrogus majalis, known
as turf pests, obtained positive mortality effect for second-
and third-instar larvae; however, a further experiment
required the application of 40 mg.mL" to cause significant
mortality in third-instar insects.

Analyzing the set of results from the mortality assays,
it is clear that the moment of application is imperative
for the success of control, hence the importance of
botanical insecticides becoming tools in programs for
integrated pest management, in which periodical sampling
of pests determines the right moment for control action.
Considering the results of this experiment, if the objective
is to kill the caterpillars via contact, the recommendation
should be made for the second larval instar. When it
comes to caterpillars, sampling is essential to determine
the infestation and the average size of the caterpillars,
ensuring the success of the operation carried out at the
appropriate time.

CONCLUSION

The ethanolic extract of A. curassavica at reproductive
stage presented total polyphenols and flavonoids, which
promoted a phagodeterrent action on S. frugiperda
caterpillars, in addition to causing their effective mortality
in the second instar via topical application at 6%
concentration.
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