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ABSTRACT
Tibraca limbativentris to is an important rice pest and occurs in all rice-growing regions of Latin America. The control this insect is 
accomplished with synthetic chemical insecticides, however, new approaches are needed to reduce risks to the environment, to the natural 
enemies and also to avoid the onset of insecticides resistance. This study was designed to assess the toxicity of essential oils (EOs) from 
leaves of Piper aduncum, P. gaudichaudianum, P. malacophyllum, P. marginatum and P. tuberculatum (Piperaceae) on rice stalk stink bug eggs, 
T. limbativentris. Essential oils were extracted with steam distillation and dilutions were made for bioassays at concentrations of 0.25; 0.5; 
1.0; 2.0 and 4.0%. Essential oils from all species of Piperaceae displayed ovicidal activity. The LC50 values indicated that both younger and 
older eggs were susceptible to these oils. Ovicidal activity is related to the potential toxicity of several compounds, especially dilapiolle, 
myristicin, cubebene, α-guaiene, longifolene, prezizane, spathulenol, sabinene and δ-2-carene. Thus, EOs tested showed promising results 
for use as biorational botanical insecticides.

Index terms: Piper aduncum; Piper gaudichaudianum; Piper malacophyllum; Piper marginatum; Piper tuberculatum.

RESUMO
Tibraca limbativentris é uma importante praga do arroz e ocorre em todas as regiões de cultivo de arroz da América Latina. O controle 
destes inseto é realizado com inseticidas químicos sintéticos, no entanto, novas abordagens são necessárias para reduzir os riscos para o 
ambiente, inimigos naturais, e também para evitar o aparecimento da resistência aos inseticidas. Este estudo foi concebido para avaliar a 
toxicidade dos óleos essenciais (OEs) das folhas de Piper aduncum, P. gaudichaudianum, P. malacophyllum, P. marginatum e P. tuberculatum 
(Piperaceae) sobre ovos do percevejo do colmo do arroz, T. limbativentris. Os OEs foram extraídos por arraste de vapor d´agua e a partir 
destes foram feitas diluições nas concentrações de 0,25; 0,5; 1,0; 2,0 e 4,0%  para os bioensaios. Os OEs de todas as espécies de Piperaceae 
apresentaram atividade ovicida. Os valores de CL50 indicaram que tanto os ovos mais jovens quantos os mais velhos foram suscetíveis 
aos diferentes óleos. Esta atividade ovicida pode estar relacionada com a toxicidade dos vários compostos encontrados em cada OE, 
como o dilapiol, miristicina, cubebeno, α-guaieno, longifoleno, prezizano, espatulenol, sabineno e δ-2-careno. Assim, os OEs testados 
mostraram resultados promissores para serem utilizados como inseticidas vegetais.

Termos para indexação: Piper aduncum; Piper gaudichaudianum; Piper malacophyllum; Piper marginatum; Piper 
tuberculatum.

INTRODUCTION
The rice stalk stink bug, Tibraca limbativentris Stål, 

occurs in all rice-growing regions of Latin America, where 
it is an important pest causing significant losses during the 
pre-flowering and grain filling stages (Krinski; Foerster, 
2016). The occurrence of this pest has increased due to 
greater crop acreage, and favorable climatic and agronomic 
practices (Martins; Grützmacher; Cunha, 2004; Rampelotti 
et al., 2007). Currently, the control of T. limbativentris 
is accomplished with synthetic chemical insecticides 
(Rampelotti-Ferreira et al., 2010; Souza et al., 2009). 

However, new approaches are needed to reduce risks to the 
environment and natural enemies and reduce the onset of 
insecticide resistance (Petroski; Stanley, 2009; Rampelotti-
Ferreira et al., 2010). Biopesticides with a different mode of 
action from that of conventional neurotoxic insecticides can 
reduce the risk of resistance (Olson, 2015). Additionally, 
they may be safer and environmentally more acceptable 
(Sahayaraj, 2014). Thus, strategies of insect management 
should include alternatives to conventional insecticides.

An alternative approach for the control of this 
stink bug is the use of botanical insecticides with low 
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toxicity and short persistence in the environment (Costa; 
Silva; Fiuza, 2004). In this context, plants of the family 
Piperaceae may be a promising alternative for the control 
of pests in general because they possess substances with 
high insecticide potential (Barbosa et al., 2012; Estrela et 
al., 2006; Fazolin et al., 2007). Other plant families have 
been investigated for their ovicidal properties, especially 
for insect vectors of disease such as triatomine bugs 
(Reduviidae) (Carneiro; Pereira; Galbiati, 2011; Laurent 
et al., 1997). However, few studies have been conducted 
on the ovicidal effect of Piperaceae on either chewing 
or sucking insects (Scott et al., 2008). Therefore, due to 
the importance of identifying alternate environmentally 
sound methods for agricultural pest control, we sought to 
determine the toxicity of essential oils (EOs) from leaves of 
five species of Piperaceae on Tibraca limbativentris eggs.

MATERIAL AND METHODS
The insects used on the bioassays were obtained 

from a colony of T. limbativentris maintained in the 
Entomology Laboratory of Embrapa Rice and Beans 
located in Santo Antônio de Goiás, Goiás State, Brazil 
(16°30’12.25”S 49°16’55.28”W - 834 m).

Essential oils extraction

To obtain the EOs we used leaves of Piper 
marginatum L. (7°07’43.56”S 55°23’22.09”W - 231 
m) and Piper malacophyllum Prels., collected at 
Fazenda Florentino, Novo Progresso, (7°06’56.31”S 
55°24’22.19”W - 210 m), Pará State, Brazil; Piper aduncum 
L. and Piper tuberculatum Jacq., collected at Tangará da 
Serra, (both 4°37’29.32”S 57°29’09.10”W - 385 m), 
Mato Grosso State, Brazil; and Piper gaudichaudianum 
Kuntze collected near Tingui Park, Curitiba, (25°23’30”S 
49°18’22”W - 908 m) Paraná State. The Piper spp. were 
identified by botanist Dra. Micheline Carvalho-Silva at the 
University of Brasilia (UnB), and herbarium specimens of 
these species have been deposited at the State University 
of Mato Grosso, Campus of Tangará da Serra (UNEMAT/
CUTS) in Herbarium Tangará (TANG) under collection 
numbers 1738, 1741, 1776, 1778 and 1779. 

After leaf collection, the material was taken into a 
greenhouse for 96 h at 37 °C to dry. Then each plant was 
ground with a mill to obtain powder. The milled material 
was sent to the Vegetable Ecophysiology Laboratory at 
the Federal University of Paraná (UFPR), where the 
oils were extracted by steam distillation. For each oil 
extraction, 50 g of vegetable powder were placed in a glass 
flask (2 L) containing 1 L of distilled water. The flask was 

heated in a heating mantle and boiled for 3 h to obtain the 
EOs. The oils were diluted with water to concentrations 
of 0.25, 0.5, 1.0, 2.0 and 4.0%, and 5% Tween® 20 was 
added to emulsify the oil.

Chromatographic analysis

Chromatographic analysis was performed in the 
Department of Molecular Sciences at the Federal Rural 
University of Pernambuco (UFRPE), Brazil. The EOs were 
analyzed by Gas Chromatography/Mass Spectrometry 
(GC/MS) (60–240 °C at 3 ºC min rate) in a Varian 431-GC 
coupled to a Varian 220-MS instrument using a fused-
silica capillary column (30 m x 0.25 mm i.d. x 0.25 μm) 
coated with DB-5. The injector and detector temperatures 
were 250 and 260 ºC, respectively. Helium was used as a 
carrier gas at a flow rate of 1.5 mL/min; injection was in 
the split mode (1:50), and the injection volume was 1.0 
μL. MS spectra were obtained using electron impact at 
70 eV with a scan interval of 0.5 s and mass range from 
40 to 550 m/z. The initial identification of components of 
the EO was carried out by comparison with previously 
reported values of retention indices, obtained by co-
injection of oil samples and C11–C24 linear hydrocarbons 
and calculated according to the equation of Van den Dool 
and Kratz (1963). Subsequently, the MS acquired for each 
component was matched with those stored in the Wiley/
NBS mass spectral library of the GC-MS system and with 
other published mass spectral data (Adams, 2007).

Bioactivity of EOs on Tibraca limbativentris eggs

To evaluate the activity of EOs from Piperaceae 
leaves on T. limbativentris eggs of different ages, the 
bioassays were performed by immersion of eggs in 
dilutions of the extracts. The experimental design was 
completely randomized, using egg masses that were 24, 
48, 72 and 96 h old (HO). Each treatment consisted of 
10 replicates, and each replicate contained one egg mass 
with 10 eggs. The eggs were immersed in one of five oil 
concentrations (0.25, 0.5, 1.0, 2.0 and 4.0%) or the two 
control treatments (distilled water, 5% Tween® 20 solution), 
totaling 28 treatments for each Piper species used. All egg 
masses from each treatment were immersed for 10 sec in 
each concentration and after this time the eggs were placed 
on filter paper to dry at room temperature. The eggs were 
placed in Petri dishes (10 cm x 1 cm) with a moistened 
paper towel. The treatments were maintained at 25.7 ± 
3.0 °C (± SD), 53.6 ± 10.8% relative humidity (± SD) and 
a photoperiod of 14:10 L:D. The bioassays were evaluated 
daily until hatching nymphs attained the second instar, at 
which time we tabulated the percentage of hatched eggs.
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Statistical analysis

For statistical analysis we used results obtained 
240 h (10 d) after treatment in each EO. After this time no 
hatching of T. limbativentris was recorded. The treatment 
effects were studied by a generalized linear model (GLM) 
and by analysis of deviance, considering a statistical model 
that varied in accordance with the oil concentrations 
(x1), Piper species (x2), age of eggs (x3) and interaction 
between x1:x2, x1:x3 and x1:x2:x3. The data were 
adjusted to Poisson distribution with a log link function, 
and when they were significant they were analyzed with 
the Kruskal-Wallis test (Package agricolae) using the 
R-Core Team software (2014). Lethal concentrations 
causing 50% mortality of the eggs (LC50) were calculated 
by Probit analysis (Finney, 1971) using Statistica software 
(version 7).

RESULTS AND DISCUSSION
In insects, the egg stage is probably the least studied 

in terms of its susceptibility to chemical control, and the 
few studies that assessed the vulnerability of eggs were 
often reported by accident, arising from the application 
of insecticides to other developmental phases of insects 
(Smith; Salkeld, 1966). Both nymphs and adults of T. 
limbativentris usually live hidden among the stalks of rice 
plants. This characteristic makes the contact of insecticides 
with the insects difficult, and consequently the eggs are 
more exposed to the treatments making them the most 
effective way to control this pest. Eggs are often laid on rice 
leaves and are exposed for a long time in the environment 
because the egg stage of T. limbativentris has a mean 
embrionary period of seven days (Botton et al. 1996). For 
this reason, we evaluated the effect of EOs of leaves from 
five Piperaceae species on rice stem insect eggs.

In our study was verified that the hatching of T. 
limbativentris nymphs varied significantly as a function 
of all individual factors and for all interactions between 
factors (Table 1). For better understanding, the results 
will be presented and discussed considering the effects of 
different oil concentrations for each Piper isolated, of each 
concentration between all species evaluated, of individual 
Piperaceae species and of age of eggs (Figures 1, 2 and 3). 

Piper aduncum - With eggs of 24 and 48 hours 
old (HO), P. aduncum oil caused a statistically significant 
reduction in hatching only at higher concentrations; 
hatching was reduced up to 97%. For eggs near hatching 
(72 and 96 HO) the oil concentrations greater than 0.25% 
produced statistically significant reductions in hatching 
in relation to the control treatments. The toxicity of 

the 4% concentration equally affected the hatching of 
nymphs among the ages of eggs evaluated (hatching 
smaller than 24%). In general, all concentrations were 
significantly more toxic for eggs of 48, 72 and 96 HO 
than at 24 HO (Figure 1). The differences observed in the 
hatching of nymphs after application of P. aduncum oil 
can be explained by the amounts of the major constituent 
chemicals found in this species (dilapiolle, z-carpacin and 
myristicin) (Figure 2).

Table 1: Summary of generalized linear model and 
deviance analysis to show (or not) differ in factors and 
your interactions.

Factors d.f. χ2 P-value

Oil concentrations 5; 1194 959.18 <0.001

Piper species 4; 1190 111.56 <0.001

Age of eggs 3; 1187 55.94 <0.001

Oil concentrations: 
Piper species

20; 1167 271.44 <0.001

Oil concentrations:
Age of eggs

15; 1152 79.18 <0.001

Piper species: Age of eggs 12; 1140 192.72 <0.001

Oil concentrations: 
Piper species: Age of eggs

60; 1080 463.14 <0.001

Piper malacophyllum - The majority of oil 
concentrations from P. malacophyllum allowed hatching 
rates above 50% except for the highest concentration in 
eggs 24 HO and in concentrations between 0.5 and 2% in 
eggs 96 HO (Figure 1). These results may be related to the 
main compounds found in leaf oil from P. malacophyllum, 
which are different from those found in P. aduncum, 
especially α-bulnesene (20.7%) and trans-β-guaiene 
(15.8%) (Figure 2).

Piper marginatum - Oil in the concentrations of 2 
and 4% showed greater impact on T. limbativentris eggs of 
all ages with percentages of hatching inhibition reaching 
99%. Concentrations below 1% did not differ statistically 
from control treatments except for eggs 24 and 96 HO. 
In treatments on eggs 48 and 72 HO the concentrations 
of 0.25% and 0.5%, respectively, produced statistically 
significant reductions in hatching of nymphs in relation 
to the control treatments (Figure 1). The differences 
observed between treatments are possibly related to the 
main chemical compounds present in the leaves, such 
as prezizane (7.6%), E-isolemicin (10.0%), spathulenol 
(9.3%) and longifolene (2.8%) (Figure 2).
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Figure 1: Mean number (±standard deviation) of hatching of Tibraca limbativentris nymphs after immersion of 24, 48, 
72 and 96 h old (HO) egg masses in different concentrations of essential oils from five Piper species. Capital letters 
compares the values for same species between different concentrations (bars with the same color). Lowercase 
letters compare the values to different Piper species within the same concentration (different color bars).
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Figure 2: Major chemical constituents present in essential oils of leaves from Piper aduncum, Piper gaudichaudianum, 
Piper malacophyllum, Piper marginatum and Piper tuberculatum. 1) myristicin; 2) z-carpacin; 3) dilapiolle; 4) o-cymene; 
5) γ-terpinene; 6) α-guaiene; 7) trans-β-guaiene; 8) α-bulnesene; 9) β-cubebene; 10) prezizane; 11) spathulenol; 12) 
longifolene; 13) longipinanol; 14) globulol; 15) 5-epi-7-epi-α-eudesmol; 16) 9-epi-E-cariofilene and 17) trans-muurola-
4(14).5-diene. *Phythalate.
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Figure 3: Box-plots diagram showing the hatching of Tibraca limbativentris nymphs after immersion of egg masses 
in essential oils from Piperaceae species (a), and in egg masses with different ages (b). Box-plots followed the 
same letters do not differ statistically.

Piper gaudichaudianum - Oil presented ovicidal 
activity with inhibition percentages that increased with egg 
age, reaching 90% in eggs 96 HO. The concentration of 
4% inhibited the hatching of more than 75% of nymphs in 
eggs of all ages, except in 72 HO eggs, in which more than 
58% of nymphs hatched in all tested concentrations. Egg 
masses 96 HO tended to be more susceptible to treatment 
than younger eggs (Figure 1). These differences among 
treatments for P. gaudichaudianum are possibly related 
to the large amount of longipinanol (19.1%), globulol 
(10.3%), 5-epi-7-epi-α-eudesmol (13.3%) and α-guaiene 
(8.3 %) found in the leaves (Figure 2).

Piper tuberculatum - Oil in general had little 
effect on T. limbativentris eggs with hatching of nymphs 
almost always greater than 50%, except for eggs 24 HO 
(concentration of 4%), 48 HO (concentrations of 0.5, 2 
and 4%), 72 HO (2 and 4% concentration) and 96 HO 
(concentration 0.25 and 4%) which showed significant 
differences when compared to the control treatments. 
There was no relationship between toxicity and age of 
eggs at the time of treatment (Figure 1). These differences 
among the concentrations of P. tuberculatum oil are 

possibly related to the diversity of compounds found and 
also to the amount of each component, especially for 
myristicin (15.5%), dilapiolle (13.8%), α-guaiene (13.0%), 
9-epi-e-cariofilene (7.1%) and trans-4-muurola(14).5-
diene (9.9%) (Figure 2).

To consider a product as ovicidal, it should inhibit 
hatching by at least 75% (Picollo; Zerba, 1997). The oils 
of the five Piperaceae species studied were able to stop the 
development of T. limbativentris embryos still inside the 
egg (Figure 1). There is little information in the literature 
on the ovicidal action of essential plant oils or any other 
type of insecticide, including conventional chemicals, for 
the control of Pentatomidae pests.

Comparison of the essential oil from leaves of five 
Piper species and age of eggs

Among the few studies that reported the ovicidal 
effect on Pentatomidae eggs, only two of them evaluated  
the toxicity of EOs and few studies tested the effects of 
chemical insecticides or biopesticides on pentatomid 
eggs (Anandhi; Pillai, 2006; Cutler et al., 2006; Cutler; 
Scott-Dupree, 2007; González et al., 2011). Some 
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research evaluated the ovicidal and nymphicidal effects 
from different plants and pyrethroids on stink bug eggs 
of the Reduviidae and Pentatomidae families (Carneiro; 
Pereira; Galbiati, 2011; Krinski; Massaroli, 2014; Krinski; 
Massaroli; Machado, 2014; Laurent et al. 1997; Rodrigues 
et al. 2002). Besides the use of EOs, some studies also 
reported the ovicidal activity of algae and plant extracts 
(Piton et al. 2014; Sahayaraj; Kalidas, 2011).

Our data show that the hatching of nymphs varied 
as a function of Piper species and also as a function of 
age of eggs (Table 1). Piper marginatum oil provided 
results consistently higher than the other species in eggs 
of all ages, showing ovicidal activity at a concentration of 
0.5%. Piper gaudichaudianum, P. malacophyllum and P. 
tuberculatum showed an effect on T. limbativentris eggs 
only in some concentrations and ages of eggs (inhibited 
hatching of at least 75% of the nymphs). This same pattern 
was observed for P. aduncum oil in all ages of the eggs 
(Figure 3a). Eggs near hatching (96 HO) tended to be 
more susceptible to the oils of Piper species than younger 
eggs (Figure 3b).

Although studies that evaluate the ovicidal activity 
of plants are scarce, some authors report the  inefficiency 
of some plants as ovicides (Parra-Henao; Pajón; Torres, 
2007; Valladares et al. 1999). The results obtained by 
the aforementioned authors may be related to the age of 
eggs used in the experiments (although the age of the 
eggs is not mentioned in these studies), as our findings 
showed a higher rate of reactivity to the EOs in older T. 
limbativentris eggs than in younger ones. This leads us to 
three hypotheses regarding the possible cause of the higher 
rate of embryo mortality in older eggs. 

First, EOs cross the chorion of older eggs more 
easily, coinciding with the period of cuticle formation 
in the embryo and effect or hinder the formation of this 
structure. This is reported by some researchers as being an 
effect of benzoylurea on the embryos (Retnakaran; Wrigth, 
1987). In addition, older egg masses may contain a lower 
amount of wax on the eggs. This enables the entry of a 
larger quantity of EOs into the egg through the micropyle 
in the chorion and consequently, the penetration of greater 
amounts of potentially toxic chemicals into the embryo 
(Beament, 1989; Smith; Salkeld, 1966). The micropyles 
have been identified as being the main point of penetration 
of chemicals in Reduviidae eggs of Rhodnius prolixus Stål, 
1859 (Reduviidae) (Beament, 1948; 1949).

Secondly, if we consider that the diffusion of 
oxygen through the chorion has an important role in 
respiration of the embryo, as reported by Hinton (1981), 
we can infer that the embryos present in younger eggs 

require less oxygen at this stage, or are less affected by 
deoxygenation after the application of EOs, which due to 
its volatility would be rapidly degraded in the environment. 
Meanwhile, more developed embryos need more oxygen, 
and thus, may be more affected by deoxygenation due 
to micropyle obstruction caused by oil application. This 
characteristic has been reported after the use of petroleum 
oils, which interfere in gas exchange between the chorion 
and the embryo of the stink bug Oncopeltus fasciatus 
(Dallas, 1852) (Lygaeidae). When pseudo-micropyles 
were covered with this oil it proved to be lethal for the 
embryos (Fiori et al., 1963).

Thirdly, due to the high volatility of EOs, when 
the application was carried out in younger eggs of T. 
limbativentris it is possible that the volatile compounds 
were quickly lost in the environment, and embryos that 
were still in the early stages of development were able 
to survive during the embryonic period. On the other 
hand, when the oils were applied to older egg masses, the 
embryos, although already more developed, were unable to 
detoxify, or became weak and failed to break the chorion, 
thus dying inside the eggs. In addition, the oils may have 
left the chorion more rigid, which may also have hindered 
the hatching of nymphs.

Lethal concentrations

The lethal concentrations (LC50) almost always 
showed an inverse relationship between concentration and 
time because the oils applied on older eggs showed lower 
LC50. Comparing the LC50 of leaf oils among the Piper 
species we observed that lower concentrations occurred in 
egg masses of up to 72 HO for P. marginatum oil, which 
was five to 15 times more efficient than the other leaf oils 
(Table 2). In addition, P. aduncum oil was more efficient 
in egg masses with more than 48 hours of development, 
always with an LC50 lower than 1.5%. A similar pattern 
was observed for the LC50 of P. tuberculatum oil for 
eggs 48 and 96 HO. The LC50 of other leaf oils were 
almost always higher than 2.0%, with the exception of P. 
gaudichaudianum oil applied on egg masses of 96 HO, 
which had the second lowest LC50 (0.594%) among all 
EOs tested, being five times more efficient than other oils 
applied on egg masses of this age (Table 2). 

The ovicidal activity and lethal concentrations 
observed in our study may be related to the potential 
toxicity of the main chemical components found in all 
Piper species, and also by synergistic action among these 
compounds. In P. aduncum oil, the chemicals with the 
greatest proportions were the dilapiolle and myristicin, 
53.6% and 24.3% respectively, and the inhibition of 
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hatching nymphs after oil application might have been 
due to a synergistic effect of these two compounds present 
in leaf oil (Figure 1). The same pattern of dilapiolle and 
myristicin quantities found for P. aduncum in this study 
has been found in other Piperaceae species, showing that 
other species can be used as a source of these compounds, 
which are considered phyto-insecticides (Martins et al. 
1998; Morais et al. 2007). Myristicin has been found in 
other Piperaceae species which showed activity against 
Isoptera and Lepidoptera (Chieng; Assim; Fasihuddin, 
2008; Srivastava et al. 2001).

The compounds bulnesene-α, trans-β-guaiene 
and α-guaiene were the major compounds present in P. 
malacophyllum oil (Figure 1). Some studies showed the 
insecticidal activity and repellent activity of these compounds, 
but they were derived from other plant families (Valerianaceae 
and Lamiaceae) and used against insect pests of stored food 
(Psocoptera, Liposcelidae) and urban ants (Formicidae) 
(Albuquerque et al., 2013; Liu; Zhou; Liu, 2013).

The inhibition of hatching nymphs observed between 
treatments of P. marginatum oil may also be related to the 
main chemical compounds such as prezizane, E-isolemicin 
and spathulenol (Figure 1). Given the findings of other 
studies that verified the bioactivity of other plants also 
containing spathulenol, it is likely that this substance is the 
main toxic compound of P. marginatum. A previous study 
demonstrated its anti-termite effect and larvicidal activity 
in mosquitoes (Mathew; Thoppil, 2011). These results show 
that this compound has great potential for use as a phyto-
insecticide, especially when we consider that the spathulenol 

has been found in several species of Piper (Vargas et al., 
2004; Andrade et al., 2006; Facundo; Rezende; Pinto, 2006; 
Mesquita et al., 2005; Rahman et al., 2011).

The results of P. gaudichaudianum oil are related 
to the large quantity of longipinanol, globulol, 5-epi-7-epi-
α-eudesmol and α-guaiene (Figure 1). This information 
corroborates data from other studies that found longipinanol 
in P. aduncum (Oliveira et al., 2006) and analogous to 5-epi-
7-epi-α-eudesmol in several Piper species (Abreu et al., 
2005; Mesquita et al., 2005; Potzernheim;  Bizzo; Vieira, 
2006; Santos et al., 2001). The α-guaiene compound was 
found in Piper hispidum Kunth. (Machado et al., 1994) and 
globulol in Piper fulvescens C. Dc., and Piper manausense 
Yunck (Andrade et al., 2005; Vila et al., 2001). Piper 
tuberculatum oil showed great amounts of myristicin and 
α-guaiene, and as previously mentioned, these compounds 
have also been found in P. aduncum and P. malacophyllum 
oils, respectively (Figure 1). 

However, field and semi-field studies must be done 
in order to verify if the same pattern of results obtained 
in laboratory studies are maintained in the field both 
for T. limbativentris and for other insect pests found in 
rice and other food crops (Albuquerque, 1993; Krinski; 
Pelissari, 2012; Krinski; Favetti; Butnariu, 2012; Krinski, 
2013; Krinski; Foerster; Grazia, 2015). We observed that 
the EOs that caused a larger percentage of inhibition of 
hatching nymphs of T. limbativentris were extracted from 
P. marginatum, a species that is not well known phyto-
chemically. Considering these findings, we highlight the 
use of EOs from the leaves of different Piper species for 

Table 2: Lethal concentrations of essential oils from leaves of five Piper species to make unviable 50% (LC50) of 
Tibraca limbativentris eggs with different ages.

Piper species/Lethal Concentration
24 hours

Age of eggs*
48 hours 72 hours 96 hours

Piper aduncum
LC50 2.499 1.506 1.402 1.381

ic 2.421 - 2.577 1.401 - 1.610 1.324 -1.480 1.315 -1.446

Piper gaudichaudianum
LC50 2.815 2.383 4.243 0.594

ic 2.659 - 2.971 2.302 - 2.464 4.086 - 4.401 0.466 - 0.723

Piper malacophyllum 
LC50 2.628 6.073 4.917 2.744

ic 2.554 - 2.702 5.819 - 6.327 4.483 - 5.001 2.726 - 2.762

Piper marginatum
LC50 1.357 1.220 0.316 1.968

ic 1.252 - 1.462 0.923 - 1.516 0.280 - 0.913 1.904 - 2.032

Piper tuberculatum 
LC50 3.388 1.576 2.086 1.221

ic 2.554 - 2.702 3.248 -3.528 1.508 - 1.644 2.047 - 2.125
*evaluation made 240 Hours After Immersion of Eggs (HAIE) in the essential oils; ic: interval confidence.
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application as a biorational and organic phyto-insecticide. 
Due to the ease of obtaining this part of the plant, which 
can be extracted in a non-destructive manner, and because 
of the great amount of leaves that the plant has, its leaf 
recovery capacity is high, as observed in Piperaceae (Riva 
et al., 2011).

Nonetheless, more studies should be conducted 
to compare the effect of oils obtained from other plant 
parts, including inflorescences and branches (stems) 
from the Piper species used in this study as well as other 
species with a wide geographical distribution (Fazolin et 
al., 2007; Ghosh et al., 2014; Lima et al., 2009; Parmar 
et al., 1997; Santos et al., 2010), to verify whether this 
ovicidal pattern remains constant. In addition, bioassays 
should be conducted to test the effect of various EOs 
on egg parasitoids of insect pests (Favetti et al., 2013; 
Krinski; Pelissari, 2012; Krinski; Favetti; Butnariu, 2012; 
Krinski, 2013; Martins; Krinski, 2016; Turchen et al., 
2015; Zachrisson; Costa; Bernal, 2014; Zachrisson et al., 
2014), since research to verify the selectivity of extracts 
or EOs of plants on natural enemies are scarce and almost 
non-existent (Turchen et al., 2014).

It is recognized that natural products from 
plants are promising sources for the bioprospection 
of new molecules with potential application in the 
production of new phyto-chemicals. In recent years 
the plants considered phyto-insecticides have been 
the focus of interest of chemists and biologists due 
to their structural complexity, power and selectivity, 
as already observed with pyrethrum, one of the most 
important botanical insecticides to appear in the last two 
centuries (Isman, 2000). This has also been observed 
with other chemical compounds such as rotenone, 
ryanodina, veratridine, azadirachtin, active ingredients 
from timbó (Lonchocarpus utilis), ryania (Ryania 
speciosa), sabadilla (Schoenocaulon officinale) and 
neem (Azadirachta indica), which have been widely used 
due to their effectiveness and low toxicity to mammals. 
In recent years, most studies with insecticide plants 
(green insecticides) have been conducted with neem 
seeds (Casida; Quistad, 1998; Isman, 2000). There have 
been few studies concerning other plant groups, such as 
Piperaceae, even though our study and several others 
found them to be a rich source of promising molecules 
for insect control. Thus, there is a clear need to explore 
the potential for bioprospection studies, such as the 
isolation of the main phyto-insecticide compounds from 
the Piperaceae species, and subsequent synthesis of 
these substances, which may even add value to native 
plant species.

CONCLUSIONS
The main chemical compounds found in the 

Piper species used in our study demonstrated the great 
potential that this plant family has as a phyto-insecticide, 
especially in their leaves, which showed excellent results 
to inhibit the hatching of T. limbativentris nymphs. This 
study showed that the susceptibility of eggs this stink 
bug may change during embryonic development, and 
the relationship between age and egg susceptibility 
may vary according to the different oils from the Piper 
species used. In addition, the Piperaceae species used in 
our study were collected from several regions in Brazil, 
demonstrating that species found in different locations 
may be used for integrated pest management. Thus, the 
re-evaluation of strategies and insect control tactics has 
become a central concern of many researchers. This 
concern arises from the failure of control programs 
that are based strictly on chemical control. At the same 
time, there is a growing interest in organic, pesticide-
free products, as well as raised awareness by producers 
and consumers, encouraging environmentally friendly 
attitudes. All of these aspects should encourage the search 
for alternative products that do not harm the environment.
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