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Natural insecticide based-leaves extract of Piper aduncum (Piperaceae) in the control of
stink bug brown soybean

Inseticida natural a base de extrato de folha de Piper aduncum (Piperaceae) no controle do
percevejo marrom da soja

Ludmila Porto Piton' Leonardo Morais Turchen' Alessandra Regina Butnariu"
Mobnica Josene Barbosa Pereira"™

ABSTRACT

This research aimed to evaluate the insecticide
potential of the leaves extract of Piper aduncum (L.) (Piperaceae)
on development of brown stink bug, Euschistus heros (F.), major
pest in soybean crop in Mato Grosso State. For this a bioassay was
conducted with eggs, nymphs and adults of this stink bug, using the
concentrations 0.5; 1.0; 2.0; 4.0 and 8.0%, of the extract acetonic
of P. aduncum and acetone for control. It was evaluated the
numbers of unviable eggs, nymphs death and longevity, fecundity
and fertility of the adults. In the immersing eggs bioassay, all
concentrations greater than 1% unviable more than 70% of the
eggs, while in the contact bioassay only 19% of the eggs were
unviable in 8% concentration, differing of control. In nymphs
bioassay the concentrations of 8% and 4% caused death of 72%
and 52%, respectively. In adults bioassay all concentrations tested
reduced significantly the survival and reproduction of the insects.
Thus is evidence that P. aduncum is a potential plant for stink
bug control, because it had deleterious action in all development
phases on E. heros.

Key words: pimenta-de-macaco, Euschistus heros, pest soybean,
phytoinsecticide.

RESUMO

Esta pesquisa avaliou o potencial inseticida do
extrato de folhas de Piper aduncum (L.) (Piperaceae) sobre o
desenvolvimento do percevejo marrom, Euschistus heros (F), a
principal praga da soja no Mato Grosso. Para este estudo, foram
realizados bioensaios com ovos, ninfas e adultos do percevejo,
utilizando as concentracdes de 0,5; 1,0; 2,0; 4,0 e 8,0%, do extrato
acetonico de P. aduncum e como controle acetona P.A. Foram
avaliados o nimero de ovos inviaveis, a mortalidade de ninfas e a
longevidade, fecundidade e fertilidade dos adultos. No bioensaio de
imersao dos ovos, todas as concentragdes maiores que 1% tornou
inviavel mais de 70% dos ovos, enquanto, no hioensaio de contato,
apenas 19% dos ovos foram inviabilizados na concentragdo 8%,

diferindo do controle. No bioensaio com ninfas, as concentracdes
de 8% e 4% ocasionaram morte de 72% e 52%, respectivamente.
No bioensaio com adultos, todas as concentracfes testadas
reduziram significativamente a sobrevivéncia dos insetos e a
reprodugdo dos insetos. Assim, ficou evidente que P. aduncum é
uma planta com potencial para o controle do percevejo marrom,
pois teve acdo deletéria em todas as fases de desenvolvimento de
E. heros.

Palavras-chave: pimenta-de-macaco, Euschistus heros, pragas
da soja, fitoinseticida.

INTRODUCTION

In Brazil, the Neotropical brown stink bug
Euschistus heros (F.) (Hemiptera: Pentatomidae) is
considered a key pest in soybean crops. The damage
caused by this insect is due to its feeding habit, since
it feeds directly on the soybean pods, decreasing yield
and grain quality (commercial product) (PANIZZI
et al., 2012). In Mato Grosso, the state responsible
for 28.83% of the national production of soybean
(CONAB, 2013), this insect can cause losses in
production of up to 30% (VIVAN & DEGRANDE,
2011) and synthetic insecticides are often used
for its control. However, the indiscriminate use of
these products has contributed to environmental
contamination and the selection of resistant
populations of stink bugs (SOSA-GOMES & SILVA,
2010; BELO et al., 2012).

In contrast, plants with insecticidal activity
have been studied in control for insect pests because
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they generally present environmental non-persistence
and a low risk of contamination in mammals (ISMAN,
2006; SANTIN et al., 2011). In this context, plants
of the family Piperaceae have been investigated,
mainly because of their bioactive compounds that are
toxic by contact, ingestion and fumigation on insects
(COITINHO et al., 2011).

The species Piper aduncum (L.
(Piperaceae) stands out for having compounds with
proven insecticidal action on different orders of
insects. The toxicity of this plant has been reported
for insect vectors such as Aedes aegypti (L.) and
Aedes albopictus Skuse (Diptera: Culicidae) (MISNI
et al., 2011), in leaf-cutting ants such as Solenopsis
saevissima (Smith) (Hymenoptera: Formicidae)
(SOUTO et al., 2012), in coleopteran pests such
as Sitophilus zeamais Motsch (Coleoptera:
Curculionidae) (ESTRELA et al., 2006) and
in Hemiptera such as Aetalion sp. (Hemiptera:
Aetalionidae) (SILVA et al., 2007).

However, despite showing promising
results in controlling various insects, little is known
about the potential of this plant in controlling soybean
pests. Thus, the present study aimed to evaluate the
potential of the acetonic extract from leaves of P.
aduncum on the control of E. heros in all its stages
of development (egg - nymph - adult).

MATERIAL AND METHODS

Eggs, nymphs and adults of E. heros
used in the bioassays were obtained from a colony
established at the laboratory of entomology in the
“Centro de Pesquisas, Estudos e Desenvolvimento
Agroambiental” (CPEDA) of the “Universidade do
Estado de Mato Grosso” (UNEMAT). To obtain the
extract, P. aduncum plants were collected in Tangara
da Serra, state of Mato Grosso (14° 29’S and 57°
54’W), in December (2011) and January (2012).
These plants were identified and deposited in the
Tangara herbarium (TANG) (Registration ne. 1738).

For the preparation of the extract, the
leaves of P. aduncum were dried in a drying oven
with forced air circulation for 96 hours at 37°C,
following the methodology of PRISTA et al. (1981).
After drying, the leaves were ground to a vegetable
powder using a knife mill with a sieve with an aperture
of Imm in diameter. This powder was added to the
solvent (acetone P.A.) at a ratio of 500g to 1500mL
and allowed to percolate for seven days. Thereafter,
the mixture (solvent + powder) was filtered and the
solvent was evaporated by rotative evaporator to
obtain the crude extract of leaves of P. aduncum.

Bioassays were conducted in a completely
randomized design at concentrations of 0.5%, 1.0%,
2.0%, 4.0%, and 8.0% of the leaf extract of P. aduncum
and acetone P.A. (control) with 10 replications per
treatment. For bioassays with eggs, 30 eggs up to
24 hours old were used per repetition (n=300 eggs
treatments™); for the bioassay with nymphs, five 3"
instar individuals were used per repetition (n=50
nymphs treatments); and for the bioassay with adults,
one pair of E. heros up to 24 hours old was used per
repetition (n=20 adults treatments™). All bioassays
were conducted in a temperature-controlled room at
25.8°C+3.2°C, RH of 55.2%+13.8%, and photophase
of 12 hours.

Bioassays with eggs were conducted
using two methods. The first was by immersion
where the eggs were dipped into the treatments
for 10 seconds using an organza mesh sieve and
then placed to dry on a glass surface at room
temperature for 30 minutes. For the bioassay by
contact, six filter paper discs of 6cm in diameter
were soaked with 5mL of each treatment and
maintained at room temperature for 30 minutes to
dry. After drying, the filter paper discs impregnated
with extract were individualized in Petri dishes,
on which the eggs were placed. In both bioassays
the number of unviable eggs in each treatment was
evaluated, for a period of 10 days.

In the bioassays with nymphs and adults
of E. heros, luL (nymphs) and 5SpuL (adults) of the
treatments were applied on the tergites of each
individual kept in plastic pots (145mL) with the
opening sealed with organza. The pots were lined
with filter paper and green-bean pods (Phaseolus
vulgaris) were used for feeding the insects (COSTA
etal., 1998) and changed every two days. The number
of dead nymphs was recorded daily for 15 days. For
adults, the survival, fecundity and fertility of females
were evaluated.

Statistical analysis: The number of
unviable eggs, number of dead nymphs, fertility
and fecundity were submitted to a normality test
(Shapiro-Wilk) and homoscedasticity of variances
(Barllet). These were then subjected to a Kruskal-
Wallis one-way analysis of variance by ranks and,
when significant, a multiple comparison was carried
out with the Kruskal-Wallis test. For adult longevity
data, the Kaplan-Meier survival analysis was
performed (Gehan-Breslow) and, for the multiple
comparison between the curves of each treatment,
the Holm-Sidak method was used. All tests were
performed at 5% significance level.
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RESULTS

It was observed that leaves extract of
P. aduncum, affected all development phases on
stink bug. In the bioassay using immersion of eggs,
the concentrations of 8.0%, 4.0%, 2.0% and 1.0%
differed from the control resulting, respectively, in
98.0%, 82.7%, 74.3% and 16.7% of unviable eggs. In
the bioassay via contact with the impregnated surface,
only 19% of the eggs of E. heros were unviable at the
highest concentration, while the other concentrations
did not differ from the control (Table 1).

In the bioassay with nymphs, after 15 days
of evaluation, the extract of P. aduncum led to the
death of 72% and 52% of the nymphs of E. heros at
concentrations of 8.0% and 4.0%, respectively, while
the other concentrations did not differ from the control
(Table 1). With adults, the extract reduced longevity
and affected the reproductive potential of female
E. heros at all concentrations tested, especially for
concentrations of 8.0% and 4.0%, in which fertility
was drastically affected by the application of the
extract (Table 2).

Survival analysis indicated a significant
difference between the survival curves of adults (K-
M=109.91, d.f.=5and P>0.001). The survival of adults
at a concentration of 8% shows the efficiency of the
extract in reducing the longevity of E. heros, since
only 40% of the insects survived in less than 10 days
and there was 100% mortality rate at 16 days of age.
At a concentration of 4%, survival was approximately
55 days but, despite this increased lifespan, females
did lay eggs, indicating the direct effect of leaf
extract of P. aduncum on the reproduction of this
insect (Figure 1). In other concentrations, survival
varied from 86 to 92 days at low concentrations

(Figure 1) and, in these, a significant reduction was
also observed in the reproductive potential of these
stink bugs (Table 2).

DISCUSSION

The smaller number of viable eggs in
the bioassay by contact, compared to the bioassay
by immersion, is probably related to the protective
effect of the chorion layers, which act as a barrier to
foreign substances. The greater number of unviable
eggs observed in the bioassay by immersion leads us
to believe that the micropyle (structure responsible
for the respiratory process in the egg) facilitates
entry of the solution, thus preventing the formation
of the embryo.

Thishypothesisissupported by BEAMENT
(1948, 1952), who reported the role of the micropyle
in transporting insecticides to the interior of the egg,
since the chorion is an impermeable structure for
toxic substances. Although this hypothesis was not
discussed by KOPPEL et al. (2011) and BROWN et
al. (2012) in their research with immersion of eggs of
Euschistus servus (Say), Acrosternum hilare (Say)
and Nezara viridula (L.) (Hemiptera: Pentatomidae)
in an insecticide solution, the authors found more
than 90% of the eggs to be unviable in all chemical
groups tested, indicating that these substances
penetrate inside the egg and prevent development
of the embryo. This effect has also been reported in
eggs of Reduviidae, where the application directly on
the chorion was the most successful ovicidal action
in bioassays conducted by CARNEIRO et al. (2011)
with Annonaceae extract on eggs of Rhodnius
neglectus (Lent.) (Hemiptera: Reduviidae) with
unviability of 90% of the eggs.

Table 1 - Average unviable eggs treated by the method of contact and immersion and mortality of nymphs Euschistus heros treated with leaf

extract of Piper aduncum

----------------- Immersion Contact Nymphs

Treatments n'

(X £ EP)? % (X £ EP)? % (X £ EP)? %
8.0% 10 294+042a 98.0 57+096a 19,0 3.6+0.33a 72
4.0% 10 248+087b 82.7 26+040b 8.7 25+045b 52
2.0% 10 223+152b 74.3 21+056b 7.0 04+0.21c 14
1.0% 10 50+0.68¢c 16.7 27+055b 9.0 08+0.27c 18
0.5% 10 3.1+035d 10.3 21+037b 7.0 1.2+037¢c 32
Acetone PA 10 2.8+0.35d 9.3 1.2+£0.29b 4.0 0.3+0.15¢ 6
H - 50.68 17.43 41.36

n = number of repetition for biassay (postures: 30 eggs per repetition; nymphs: 5 insects per repetition). 2Mean = standard error, followed by
the same letter in the column do not differ by multiple comparison Kruskal-Wallis test (P>0.05).
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Table 2 - Longevity (days), fecundity (number of eggs) and fertility of adults Euschistus heros treated with leaf extract of Piper aduncum.

Treatments Longevity* Fecundity ? Fertility ?

8.0% 07.72+1.37d 03.80+3.80b -

4.0% 40.11+297c - -

2.0% 70.56 £3.42b 39.70+£12.19b 11.00+8.12b
1.0% 75.13+3.26b 63.00 £26.79 b 3350+ 17.53b
0.50% 76.17+3.71b 28.50 £13.89 b 02.90+2.90b
Acetone PA 99.53+2.86 a 19490 £46.15a 111.30+35.89a
H - 27.07 23.98

"Mean =+ standard error, followed by the same letter in the column do not differ by multiple comparison Holm-Sidak (P>0.05). “Mean *
standard error, followed by the same letter in the column do not differ by multiple comparison Kruskal-Wallis test (P>0.05).

In this research the formation of the
embryo was observed in eggs of E. heros that did
not hatched, but the development was prevented
by the action of the extract. This was also observed
in eggs of Dysdercus cingulatus (F.) (Hemiptera:
Pyrrhocoridae) treated with the extract of
Padina pavonica (L.) (Phaeophyceae), in which
embryogenesis was interrupted after the third day
of embryonic development, due to the action of the
extract (SAHAYARAJ & KALIDAS, 2011). It is
believed that the leaf extract of P. aduncum has this
same effect on the process of embryogenesis of E.
heros, however, a more detailed study is necessary to
determine at what stage embryogenesis is interrupted.

In nymphs of Hemiptera, despite the few
studies, Piperaceae species have shown promising
results, such as in Aetalion sp. treated with extract

of P. aduncum which, at a concentration of 30mg
ml?* (0.3 %), resulted in a mortality rate of 72%
of the nymphs (SILVA et al., 2007), indicating a
greater susceptibility of this insect to the extract
of P. aduncum when compared to E. heros.
Besides Piperaceae, other plants with insecticidal
properties have been efficient in controlling stink
bug nymphs. CARNEIRO et al. (2013), when
using the crude extract of A. coriacea on nymphs
of R. neglectus, obtained a mortality rate of 80% to
93.3% in the concentrations of 100mg mi* and 200mg
ml?, respectively. ABUDULAI et al. (2003), when
testing a commercial product based on neem (4.5%
of azadirachtin) on the southern green stink bug N.
viridula, observed a mortality rate of 17% and 87%
of 5" instar nymphs at concentrations of 0.5% and
5%, respectively.

| o
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= Extract 0.5%
- - — — Q0 ;
80 : — — Extract 1.0%
Extract 2.0%
Extract 4.0%
S 60 Extract 8.0%
E
£
g L
Y404 T
h
20 |
0 : : — : - |
0 20 40 B0 80 100 120
Time (days)
Figure 1 - Survival curves of Euschistus heros adults treated with leaf extract P. aduncum.
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The toxic effect of P. aduncum on nymphs
of E. heros, is probably associated to the action of
bioactive compounds present in this plant there
being, among the compounds, a strong indication
that dilapiolle is responsible for insecticidal activity
on E. heros, as reported by FAZOLIN et al. (2005),
ESTRELA et al. (2006) and CELIS et al. (2008), for
other insects. However, since synergism may occur
between the molecules, the isolation of this compound
to confirm this hypothesis is required.

The results for adults are promising, since
controlling the stink bugs before they are 10 days
old may reduce the number of individuals in the next
generation by preventing reproductive development,
because pre-oviposition period of this insect is, on
average, of 10 days (SILVAetal., 2011). Itis important
to note that the insects that survived the concentration
of 8.0% had low fertility (mean=3.80 eggs), differing
from the control (mean= 194.90 eggs) (Table 2).

The reduction in longevity and inhibition
of oviposition of female Hemiptera adults was also
observed by RIBA et al. (2003) with neem-based
products containing compounds rich in azadirachtin
(95%) against the stink bug N. viridula. These
authors relate the negative effects on the insects to the
presence of the insecticide compound azadirachtin.
It is worth noting that the extract of P. aduncum
showed results similar to those found by RIBA et al.
(2003), despite its active compound not having been
isolated. This highlights the potential of this plant
for insect control and, therefore, research is needed
to identify and isolate the active compounds, as well
as to test the efficiency of these compounds in field
conditions.

CONCLUSION

The species P. aduncum proved to be
a promising plant for promoting the control of the
soybean pest, the Neotropical brown stink bug. The
leaf extract of P. aduncum presented an insecticidal
action on eggs and nymphs of the stink bugs and
affected survival, fecundity, and fertility of adults in
laboratory conditions.
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