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a b s t r a c t

The common bean Phaseolus vulgaris L. (Fabaceae) is an important vegetable protein source and con-
stitutes a significant part of the diet in many tropical countries. The Mexican bean weevil Zabrotes
subfasciatus (Boheman) (Coleoptera: Bruchidae) is one of the main pests affecting stored beans: it causes
extensive qualitative and quantitative grain loss. We investigated the bioactivity of the essential oils
extracted from Chenopodium ambrosioides L. (CA-EO), Ocimum gratissimum L. (OG-EO), and Schinus ter-
ebinthifolius Raddi (ST-EO) against Z. subfasciatus. After 12-h treatment, CA-EO and OG-EO at 20.0 mL/L of
air killed 100% Z. subfasciatus, whereas ST-EO at 100.0 mL/L of air afforded 100% Z. subfasciatus mortality
after 24 h. CA-EO provided the lowest 24 h LD50 (0.8 mL/L of air) and displayed efficient repellent activity
against Z. subfasciatus. Our results demonstrate that CA-EO is a potentially economical and environ-
mentally friendly alternative to manage Z. subfasciatus in stored beans.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

The global population is expected to be higher than 8.5 billion in
2025 (Babu et al., 2003), and this situation will clearly demand
increased food production. The common bean Phaseolus vulgaris L.
is consumed worldwide and constitutes an important calorie and
protein source (Lagarda-Diaz et al., 2009). Several research groups
have studied post-harvest grain loss (Alonso-Amelot and Avila-
Nú~nez, 2011). When it comes to stored grains, the insect infesta-
tion can reduce the grain quantitative and qualitative contents
(Madrid et al., 1990). Among the various insects that affect stored
grains, the Mexican bean weevil Zabrotes subfasciatus (Boheman)
(Coleoptera: Bruchidae) stands out (Costa et al., 2014). Weevil
attack diminishes grain weight, alters the grain physical properties,
and increases microorganism invasion (Baldin and Lara, 2008).

In this scenario, improved food storage strategies are crucial to
mitigate losses and to meet the feeding needs of the growing world
population. The battle against stored food infestation generally
requires the use of chemical insecticides, which has undesirable
consequences such as deleterious effects on the environment and
n).
on biodiversity (Moshi and Matoju, 2017). To overcome this issue,
natural insecticides based on plant-derived products have been
suggested as suitable approaches to weevil management (Jumbo
et al., 2014). In this context, essential oils (EOs) have received
special attention due to their natural biological functions like
fungicidal, bactericidal, and insecticidal activities (Bakkali et al.,
2008). These EOs act by disrupting the insect's neurophysiological
functions: they target the g-aminobutyric acid (GABA) receptors
(Priestley et al., 2003) and octopaminergic system (Enan, 2001,
2005), and they inhibit acetylcholinesterase (L�opez and Pascual-
Villalobos, 2010).

Recently, the Chenopodium ambrosioides L., Ocimum gratissimum
L., and Schinus terebinthifolius Raddi EOs have been shown to
display interesting insecticidal activity against some insect pests
(Denloye et al., 2010; Nguemtchouin et al., 2013), but their activities
against Z. subfasciatus have not been reported yet. In this paper, we
investigate the fumigant and repellent potential of the EOs
extracted from these plant species against Z. subfasciatus.
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Table 1
CA-EO, OG-EO, and ST-EO fumigant activity (percentage adult mortality) against
Z. subfasciatus.

EO
Tested doses
(mL/L of air)

Exposure time

12 h 24 h 48 h 72 h

CA-EO 1.25 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a
2.5 8.2± 0.8 ab 72.5± 2.1 b 100.0± 0.0 b 100.0± 0.0 b
5.0 14.0± 1.7 ab 80.0± 3.3 b 100.0± 0.0 b 100.0± 0.0 b
10.0 22.5± 3.6 c 98.2± 2.2 c 100.0± 0.0 b 100.0± 0.0 b
20.0 76.5± 5.8 d 100.0± 0.0 c 100.0± 0.0 b 100.0± 0.0 b
40.0 100.0± 0.0 d 100.0± 0.0 c 100.0± 0.0 b 100.0± 0.0 b
60.0 100.0± 0.0 d 100.0± 0.0 c 100.0± 0.0 b 100.0± 0.0 b
80.0 100.0± 0.0 d 100.0± 0.0 c 100.0± 0.0 b 100.0± 0.0 b
100.0 100.0± 0.0 d 100.0± 0.0 c 100.0± 0.0 b 100.0± 0.0 b

OG-EO 2.5 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a
5.0 0.0± 0.0 a 80.3± 1.4 b 80.5± 3.6 b 88.2± 4.4 b
10.0 0.0± 0.0 a 86.2± 3.6 b 86.5± 3.8 b 88.2± 4.2 b
20.0 96.1± 3.5 b 100.0± 0.0 b 100.0± 0.0 b 100.0± 0.0 b
40.0 92.5± 6.5 b 98.0± 4.4 b 100.0± 0.0 b 100.0± 0.0 b
60.0 92.5± 3.5 b 100.0± 0.0 b 100.0± 0.0 b 100.0± 0.0 b
80.0 90.0± 4.3 b 100.0± 0.0 b 100.0± 0.0 b 100.0± 0.0 b
100.0 90.0± 4.3 b 98.2± 5.8 b 100.0± 0.0 b 100.0± 0.0 b

ST-EO 2.5 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a
5.0 0.0± 0.0 a 10.3± 0.9 a 18.2± 1.4 a 48.3± 3.1 b
10.0 0.0± 0.0 a 6.2± 1.1 a 20.2± 0.7 a 48.3± 3.3 b
20.0 16.3± 6.8 abc 88.0± 3.8 b 94.5± 7.1 b 100.0± 0.0 c
40.0 8.2± 3.4 ab 88.0± 3.3 b 96.5± 5.6 b 100.0± 0.0 c
60.0 30.0± 2.1 c 96.0± 2.9 bc 100.0± 0.0 b 100.0± 0.0 c
80.0 30.0± 1.7 c 96.0± 4.5 bc 100.0± 0.0 b 100.0± 0.0 c
100.0 24.6± 3.3 bc 100.0± 0.0 c 100.0± 0.0 b 100.0± 0.0 c

For each exposure period, the percentages with the same letters do not differ by the
Tukey Test (P > 0.05).
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2. Material and methods

2.1. Insect colony

During this study, a Z. subfasciatus colony was maintained in a
BOD chamber (25± 2 �C, 70%± 10% RH) in order to obtain a suffi-
cient number of insects to conduct the proposed bioassays. The
insects were placed in clear 1-L glass flasks closed with a screw-on
lid. This lid contained a circular opening that held a fine-mesh
nylon screen, which allowed internal aeration. Each flask received
approximately 0.3 kg of commercial Carioca bean seeds and
approximately 200 unsexed adult insects. The seeds were period-
ically replaced, and emerging adult insects were used to infest new
flasks and to keep the colony.

2.2. Essential oil extraction and chemical components

C. ambrosioides (Chenopodiaceae), O. gratissimum (Lamiaceae),
and S. terebinthifolius (Anacardiaceae) were collected near the city
of Patrocínio (18�56035” S; 46� 59031” O; 972m), State of Minas
Gerais, Brazil, in March 2011. The plants were identified by Prof.
Rosângela de Oliveira Araújo. Voucher specimens (HUFU 61679,
HUFU 61682 and HUFU 61673, respectively) were deposited at the
Herbarium of the Federal University of Uberlândia, Minas Gerais,
Brazil (Herbarium HUFU).

Fresh leaves of each plant species were submitted to hydro-
distillation in a Clevenger-type apparatus for 3 h. To this end,1500 g
of plant material was divided into three 500-g samples, and 500mL
of distilled water was added to each sample. The EOswere collected
manually; traces of water remaining in the oils were removed with
anhydrous sodium sulfate, followed by filtration. The EOs were
stored in amber bottles and kept in the refrigerator at 4 �C. The
C. ambrosioides (CA-EO), O. gratissimum (OG-EO), and
S. terebinthifolius (ST-EO) EO yields were calculated from theweight
of the leaves and expressed as the average of triplicate analysis.

2.3. Fumigant toxicity

The activities of the EOs (CA-EO, OG-EO, and ST-EO) against
Z. subfasciatus were evaluated by fumigation. For this purpose, CA-
EO, OG-EO, ST-EO samples were dissolved in Tween 80. A filter
paper was impregnated with eight graded doses of each EO to
provide fumigant concentrations of 2.5, 5.0, 10.0, 20.0, 40.0, 60.0,
80, and 100.0 mL/L of air. For the most active EO, CA-EO, the con-
centration of 1.25 mL/L of air was also tested. The filter papers were
attached to the undersurface of the screw cap of a 50-mL glass vial
(fumigation chamber). Five adult one-day-old Z. subfasciatus cou-
ples and 10 g of beans were transferred to the vials. Five replicates
of each treatment and controls were set up, and the percentage
adult mortality was recorded 12, 24, 48, and 72 h after treatment.
The insects were considered dead when no leg or antennal move-
ments were observed. Tween 80 was used as negative control; the
insecticide based on aluminum phosphide (Gastoxin- B 57®,
Bequisa Co, S~ao Vicente, Brazil) was used as positive control at the
dose recommended by the manufacturer (2 g/m3 of air).

2.4. Repellent activity

The EO repellent activities were assessed by using the meth-
odology described by Proc�opio and co-workers (Proc�opio et al.,
2003). The experimental apparatus consisted of five circular plas-
tic containers - the central container was connected to the other
four containers by plastic cylinders (12-cm long, 1-cm diameter).
Two lateral containers were filled with beans treated with 50, 100,
and 500 mL of one of the EOs/kg of bean. Two other lateral
containers (controls) were filled with untreated beans. In the cen-
tral container, ten one-day-old adult couples were released. The
total number of insects per container was recorded after 24 h. Ten
replicate assays were carried out for each EO in a completely ran-
domized design.
2.5. Statistical analysis

The data obtained from the biological assays (percentage mor-
tality and repellent activity) were submitted to one-way ANOVA.
The normality and the homogeneity of the variances were verified
through Shapiro-Wilk and Levene tests, respectively (Winer et al.,
1991). Differences between treatment means were determined by
using Tukey's Studentized (HSD) test (Ogendo et al., 2008). The
software SAS was employed (SAS Institute, 2001). To estimate the
LD50 values, the relationship between the applied EO concentration
and the percent insect mortality was determined by probit (soft-
wares Poloplus Probit and Logit Analysis version 1.0) regression
analysis of transformed data. The Abbott formula was used to
calculate the control efficiencies (Abbott, 1985).

The repellent activity index (RI) was calculated as proposed by
Lin et al. (1990): RI ¼ 2G/(G þ P), where G ¼ number of insects in
the container with treated beans and P ¼ number of insects in the
container with untreated beans. The classification interval (CI) was
calculated by the formula CI¼ 1± t (n-1; a ¼ 0.05) x SD/√n, where
t¼ tabulated value, SD¼ standard deviation, and n¼ number of
repetitions. Comparison between the RI and the CI values indicated
the EO activity: RI¼ CI corresponded to neutral activity, RI> CI
maximum referred to attraction activity, and RI< CI minimum
corresponded to repellent activity.
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3. Results and discussion

The increasing need to eliminate pests from stored beans has
raised interest in the fumigant toxicity of plant-derived EOs (Bett
et al., 2016; Titouhi et al., 2017), which are excellent candidates
for natural insecticides. We tested the target EOs at different con-
centrations and assayed their fumigant toxicities against
Z. subfasciatus for 12, 24, 48, and 72 h. We also calculated the LD50
values for each EO at the respective treatment times.

CA-EO at 20.0 mL/L of air displayed 100% efficiency against
Z. subfasciatus after 12 h (see Table 1). On the other hand, OG-EO
and ST-EO at 20.0 and 100.0 mL/L of air, respectively, killed 100%
of weevils after 24 h. The negative control did not inhibit the
weevils, whereas the positive control killed 100% of the insects at
all the tested times.

Previous studies have demonstrated the C. ambrosioides EO
fumigant effect against the weevils Callosobruchus maculatus F.
(Coleoptera: Bruchidae) and Sitophilus zeamais Motschulsky
(Coleoptera: Curculionidae); 24 h LD50 values were 1.33 and
1.90 mL/L of air, respectively (Denloye et al., 2010). Investigation into
the O. gratissimum EO insecticidal properties against S. zeamais
provided LD50 of 37.9 mg/mL of air (Nguemtchouin et al., 2013).
With respect to the EOs evaluated here, CA-EO displayed the lowest
24 h LD50 value, 0.8 mL/L of air, against Z. subfasciatus, which
demonstrated its high toxicity against the weevil (see Table 2).
Concerning OG-EO, 24 h LD50 was 1.2 mL/L of air. ST-EO afforded the
Table 2
Essential oil LD50 as determined by the fumigant activity assay.

EO E Exposure time Slope±SE LD50/CI X2

CA-EO 12 h 5.2± 1.1 7.4 (5.4e8.8) 15.3
24 h 2.7± 0.7 0.8 (0.4e1.2) 8.8
48 h * * *
72 h * * *

OG-EO 12 h 2.5± 0.2 18.6 (14.8e22.6) 46.3
24 h 1.4± 0.3 1.2 (0.2e2.8) 38.1
48 h 1.6± 0.5 1.0 (0.02e2.0) 15.2
72 h 1.4± 0.4 0.8 (0.02e1.8) 19.8

ST-EO 12 h 1.4± 0.3 217.4 (130.0e692.4) 37.3
24 h 2.9± 0.2 14.8 (11.8e18.0) 56.4
48 h 3.8± 0.4 9.8 (8.2e11.8) 45.4
72 h 2.6± 1.0 5.6 (4.4e7.0) 32.8

LD¼ Lethal dose (mL/L of air); CI¼ confidence interval at 95% probability; X2¼ chi-
square test. * Data are absent because the insects died within the first hour of
experiment.

Table 3
CA-EO, OG-EO and ST-EO repelling activity against Z. subfasciatus.

EO Dose (mL)/
Kg of beans

AI (%)a RI b Class Ic Cd

Test Control

CA-EO 50 24 76 0.48± 0.07 0.23; 1.17 R
100 24 76 0.48± 0.08 0.32; 1.18 R
500 23 77 0.46± 0.10 0.36; 1.24 R

OG-EO 50 42 58 0.84± 0.23 0.46; 1.54 N
100 43 57 0.58± 0.19 0.55; 1.45 N
500 18 82 0.36± 0.15 0.24; 1.36 R

ST-EO 50 41 59 0.83± 0.22 0.49; 1.51 N
100 36 64 0.69± 0.15 0.66; 1.34 N
500 41 59 0.80± 0.11 0.75; 1.25 N

a Percentage of attracted insects.
b Repellent index (Average±Average standard error).
c Classification index.
d Classification: R¼ repelling activity, N¼ neutral activity, A¼ attractive activity.
highest 24 h LD50: 14.8 mL/L of air. The aforementioned EOs proved
to be promising sources of active compounds against Z. subfasciatus.
CA-EO and OG-EO were the most active EOs and could be an
interesting environmentally friendly alternative to eliminate
Z. subfasciatus from stored beans. In all cases, the negative control
(Tween 80) did not present toxicity, whereas the positive control
killed 100% Z. subfasciatus.

The plant EOs tested here had excellent repellent action (see
Table 3); i.e., they provided a vapor barrier that deterred the insects
(Stella et al., 2010). Treatment of P. vulgaris grains with Corymbia
citriodora (Hook.) K.D.Hill & L.A.S.Johnson, Cymbopogon citratus
(DC) Stapf. and Camellia oleifera C. Abel oils at 500 mL/kg of beans
repelled Z. subfasciatus adults (França et al., 2012). The
S. terebinthifolius repellent activity against Sitophilus zeamais was
2000 mL/kg of maize (Coitinho et al., 2010). The O. gratissimum L. EO
(at 500, 1000, 1500, and 2000 mL/g of grain) repellent effects were
evaluated against Sitophilus oryzae (L.), Tribolium castaneum
(Herbst), Oryzaephilus surinamensis (L.), Rhyzopertha dominica (F.),
and Callosobruchus chinensis (L.) adults, to give 37.5%e100% repel-
lent activity (Ogendo et al., 2008).

As for our repellent activity tests, CA-EOwas themost promising
because it was active at the three assayed doses. OG-EO was only
active at 500 mL/kg of beans, whereas ST-EO was inactive (neutral
activity for the three tested doses). No repellent activity emerged
for untreated beans (negative control). The repellent effects
depended on the applied dose and on the tested EO.

In summary, all the evaluated EOs killed 100% Z. subfasciatus,
which is one of the main pests causing stored grain losses. CA-EO
and OG-EO presented the lowest LD50 values and were the most
active in the repellent activity tests. Although further studies are
necessary to understand which EO constituents underlie the EO
insecticidal activity, the remarkable CA-EO insecticidal action
opens up possibilities for a safer, environmentally friendly, and
economically viable option to conserve stored beans and tomanage
pests according to international biosafety regulations.
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