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a b s t r a c t

Extracts of leaves of Schinus molle Rev L. (Anacardiaceae) obtained with water or ethanol as solvents were
evaluated in the laboratory for their insecticidal effect on adults of the elm leaf beetle, Xanthogaleruca
luteola Müller (Coleoptera: Chrysomelidae), at 2.5, 3.0, 4.3, and 5.6% w/v for the aqueous extracts and,
2.0, 2.5, 3.5, 4.3, and 4.7% w/v for the ethanol extracts. The extracts were applied onto leaves of elm trees
(Ulmus sp., Ulmaceae) to observe the feeding of adults, and later their effectiveness and to obtain the
LC50. Both extracts were effective and caused mortalities greater than 97% with the ethanol extract at the
two highest concentrations (4.3 and 4.7% w/v), and near 27% with water at 4.3 and 5.6% w/v. The LC50 of
the ethanol extract, calculated through Probit analysis, was 1.88% w/v on the 2nd day, lower than the LC50

of 8.52% w/v on the 4th day achieved by the aqueous extract. Additionally, the antifeeding effect of both
extracts on adults was determined. The aqueous extract inhibited feeding completely (100%), whereas
the ethanol extract did not cause any antifeeding effect.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The use of chemical insecticides has been a fundamental tool for
pest control, but it has had serious consequences such as intoxi-
cation of people and animals, contamination of water, air, and soil,
residues on food, high persistence in the environment, resistance in
pests, and impact on beneficial insects, among other effects
(Rodríguez et al., 2003; Regnault-Roger et al., 2004). This has
motivated the search for alternative pest controls without the
negative effects of synthetic insecticides. Thus, botanical insecti-
cides have become a more ecological and natural alternative for
insect control (Rodríguez et al., 2003).

Secondary metabolites in plants function as a means for defense
against possible damages by insects and are extracted directly from
plants (Carrero, 1996). Many plants synthesize secondary metabo-
lites, such as alkaloids, polyphenols, terpenoids, steroids, essential
oils, lignans, sugars and fatty acids, which have important biolog-
ical properties against insect pests (Silva et al., 2002; Regnault-
Roger et al., 2004). The effect of most plants that are used in pest
control, more than being insecticidal are insectistatic (growth
regulators) (Silva et al., 2002), because they inhibit normal
ail.com (A. Huerta).
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development of insects. Some plants inhibit feeding in several
ways: repelling feeding, and by suppressing or deterring it; others
inhibit growth, egg production and development (Metcalf and
Metcalf, 1992; Rodríguez et al., 2003).

Plant extracts have advantages and disadvantages as insecti-
cides. Among the first are their rapid action and degradation, low
mammalian toxicity, selectivity, and minimal impact on plants
(Cloyd, 2004). As these botanical insecticides posses molecules
derived from the secondary metabolism of plants, they exhibit
a limited effect on beneficial insects; besides they are rarely toxic to
mammals and man, and as they have different action mechanisms,
development of resistance in insects is limited (Regnault-Roger
et al., 2004). Some disadvantages are high costs, low availability,
as well as scarce data of effective results (Cloyd, 2004).

Schinus molle L. (Anacardiaceae) is a tree from the Andean
region of America, mainly in Peru, its center of origin. This species
would have been introduced into Chile from Peru during the Inca
period (Silva et al., 2005). It grows naturally in Chile in the Tar-
apacá province, but it has extended south reaching Santiago
(Donoso, 2006).

All plant parts are being used in traditional medicine, as anti-
spasmodic, antiviral, antiseptic, astringent, digestive, purgative,
diuretic, healing, coagulant, for fractures, rheumatism, menstrual
disorders, pneumonia (Joker et al., 2002;Murray et al., 2005; Donoso,
2006; Ferrero et al., 2006), and anti swelling (Yueqin et al., 2003).
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S. molle has active substances, like terpens (mainly mono- and
sesquiterpens), tanins, alcaloids, flavonoids, saponins, gums, lino-
leic acid, oleorresins, mainly in leaves and fruits (Wimalaratne
et al., 1996; Steinbauer and Wanjura, 2002; Ferrero et al., 2007;
Hayouni et al., 2008), which have diverse properties, such as
those mentioned. Some studies of insecticidal and repellent effects
of extracts from S. molle in different insects have been published
recently (Ferrero et al., 2006, 2007; Abdel-Sattar et al., 2009).

In recent years diverse insect pest species have entered Chile,
due to trade opening and the greater commercial and travel
exchange (Baldini et al., 2005). Thus, one of the world most severe
defoliators of elm trees (Ulmus spp., Ulmaceae), the elm tree leaf
beetle Xanthogaleruca luteola Müller (Coleoptera: Chrysomelidae)
has been detected in urban trees in the cities of Los Andes and some
communes of Santiago city and other regions in central Chile. Elm
trees are used in this country mainly as ornamental, cold-resistant
trees, adaptable to diverse soils and their importance is given
mainly from its high presence in green areas and avenues of San-
tiago communes. According to Romanyk and Cadahia (2002), this
mainly single host pest affects all class of elm trees, at any age. In
addition, Muñoz et al. (2003) indicate some infestations in the
genus Aesculus (e.g. A. hippocastanum L., or Indian chestnut tree).

X. luteola is distributed in all Europe, northern Africa, the Cau-
casus, and the near East (Romanyk and Cadahia, 2002). This beetle
was introduced into the US from Europe approximately around
1830; was first reported in California in 1920 (Romanyk and
Cadahia, 2002; Maistrello et al., 2005), and since then it has
become one of the most important urban tree pests in several US
states (Dreistadt et al., 2001), as well as in Canada (Romanyk and
Cadahia, 2002) and Australia (Leofe, 2002). It is present also in
Germany (Meiners et al., 2005), Iran (Sendi et al., 2005; Shekari
et al., 2008), Spain (Romanyk and Cadahia, 2002), Portugal
(Escada et al., 1979), and Argentina (Defagó et al., 2006). In Chile, X.
luteola was first detected in 1994 in the city of Los Andes (Valpar-
aiso region), and then in the O’Higgins, Maule, Bío-Bío, Araucanía
and Metropolitan regions (SAG, 2010), although Askevold (1991)
mentions that the first registry of an adult in Ritoque (a coastal
town north of Valparaiso) dates back to April 1982.

Both adults and larvae feed on the parenchyma of leaves,
without consuming the veins, and sometimes the damage may
affect all the foliage and trees become brown in color. If damages
are severe and occur several years in a row, the trees develop
deformed canopies, and suffer vigor losses, physiological disorders,
and reduced photosynthesis, which predisposes them to the action
of other pests, plant disease and stress factors. They become
particularly susceptible to scolytid beetles carrying spores of the
fungus Ceratocystis novo ulmi Brasier, which causes the elm tree
disease, a serious threat to survival of these trees (Romanyk and
Cadahia, 2002; Muñoz et al., 2003). Defoliation reduces also tree
shade in summer and the aesthetical values of elms (Dreistadt et al.,
2001).

Given the studies of the insecticide properties of S. molle on
some insects, and its presence in Santiago and other cities in Chile,
the objective of this study was to evaluate in the laboratory the
insecticidal effect of leaf extracts on X. luteola, to offer new alter-
natives of selective control of this pest of elm trees in urban areas.
2. Materials and methods

The plant material were leaves from S. molle obtained from adult
trees in the Antumapu Campus of the University of Chile (33�340S;
70�380W) in Santiago, Chile, during the summer of 2008. The
individuals of X. luteolawere collected from adult Ulmus sp. trees in
the Municipality of Maipú, Santiago, during the same period.
Distilled water and 96% p.a. ethanol (Merck) were used to prepare
the extracts from S. molle leaves.

2.1. Collecting and rearing X. luteola

Last stage X. luteola larvae were collected and taken inside
cotton bags to the Forestry Entomology Laboratory at the College of
Forestry and Nature Conservation Sciences of the University of
Chile. The insects were set in Petri dishes lined with filter paper in
the base, wet with distilled water, and were fed with fresh elm tree
leaves until they developed into pupae. At this stage they were
given only humidity and were covered with more leaves. When the
adults emerged, they were fed with fresh leaves and were later
used in the bioassays.

2.2. Collecting leaves

Approximately around 1 kg leaves from S. molle were obtained
randomly from different trees, to avoid effects from any individual
tree. Mature leaves (hard and dark green) of diverse size were
chosen.

2.3. Elaboration of extracts

The leaf extracts were prepared at the Chemistry Laboratory of
the Department of Agriculture Industry and Enology of the College
of Agronomic Sciences, University of Chile. The leaves of S. molle
obtained were dried in a Memmert� 854 forced air stove at 60 �C,
until constant weight in a Shimadzu ELBL 3000 analytical scale,
0.1 g sensibility, max. 3000 g; initial water content was 59.36%.
Later, the dried leaves were grinded with an Ufesa� MC 0360 grain
mill until obtaining a dust, which was stored in sealed and dated
glass vials. To prepare the extracts, this S. molle leaf dust was mixed
with distilled water or ethanol, in a solution at the highest possible
concentration.

The solutions were shaken 18 h in a Heidolph� MR 3001 K
magnetic stirrer, heating the first hour to 37 �C. They were then
filtered through a Whatman N�1 filter paper and centrifuged in
a HN-S centrifuge for 15 min, after which the solutions were
filtered again to obtain the stock solution.

To determine the concentration of the base extracts, a fraction of
the solutions were dried at 100 �C for 1 h in a forced air stove, and
soluble solids were weighed on a Boeco Equilab analytical scale,
0.1 mg sensibility, max. 120 g. Once the concentrations of the
solutions were determined, the extracts were prepared at the
concentrations to be used in the treatments by dilution. Concen-
trations of 2.0, 2.5, 3.5, 4.3, and 4.7% w/v were used for the ethanol
extracts, and 2.5, 3.0, 4.3, and 5.6 % w/v for the water extracts.

2.4. Evaluation of insecticide efficacy in bioassays

The bioassays were set on experiment units with three adults of
X. luteola with fresh elm tree leaves on wet filter paper in a 10 cm
diameter clean Petri dish. The efficacy of S. molle leaf extracts were
evaluated at the concentrations indicated above for both solvents,
plus the controls without any extract, with three replicates, all
conducted simultaneously. The extracts were applied by immersing
elm leaves in the corresponding solution for around 1 min. The
beetles were observed and the survivors were counted periodically
during the bioassay. Percentage daily and total mortal-
ity� standard errors were obtained. Data were adjusted mathe-
matically to obtain the function most fit, and with it to obtain the
LC50 (lethal concentration to kill 50% of individuals) by Probit
analyses (Robertson et al., 1984). Chi2 tests were use to test data fit
to the Probit model.
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Once the experimental part ended, data from both ethanol and
water extracts were studied separately using a completely random
anova with six treatments for ethanol (five concentrations plus
a control), and five for water extracts (four concentrations plus
a control, with three replicates each. Data were normalized by Bliss
[arcsen O(percentage adult mortality/100)] prior to analyses, to
stabilize variance error. Significant differences between treatments
were identified with Tukey tests (p� 0.05), using the InfoStat
(2009) statistical software.
2.5. Evaluation of the antifeeding action of S. molle

This experiment to evaluate the antifeeding effect of extract on
X. luteola adults was done following the method in Defagó et al.
(2006). Five concentrations (2.0; 2.5; 3.5; 4.3; 4.7% w/v) were
evaluated for the ethanol extract, and four 2.5; 3.0; 4.3; 5.6% w/v)
for the water extract. Each treatment was replicated six times in
experiment units with six adults of X. luteola. Two elm tree leaves of
the same size were selected, and were immersed in each concen-
tration for approx. 1 min and were allowed to dry at room
temperatures for 10 min. Control leaves were immersed in distilled
water or ethanol and let to dry at room temperature. Each Petri dish
was set with a treated leaf, another untreated, and six adult beetles.
The percentage of leaf area consumed was measured after 24 h
using the Leaf Area Measurement Version 1.3 software (University
of Sheffield, 2003). The repellence percentage was calculated as
(1� T/C) x 100, where T and C are the levels ingested of treated and
control leaves, respectively (Schreck et al., 1977). The results
obtained were compared with those obtained using other plant
species and insects.
3. Results

3.1. Insecticide effect of leaf aqueous extract of S. molle on adults of
X. luteola

With the water extract, the greatest percentages of mortality of
X. luteola, near 28%, were obtained with the two greatest concen-
trations (4.3 and 5.6% w/v). The statistical analyses indicated
significant differences between themortality in each treatment and
their control, for water extracts (F4.35> 2.64; p< 0.05), which
reveals that results of mortality were due to the insecticide extract
(Table 1).

With the aqueous extract, the greatest percentages of mortality
of X. luteola, a concentration of 4.3% w/v obtained only 26%
mortality, and the maximum 5.6% w/v concentration evaluated
increased mortality to almost 28%. The lesser effects occurred with
the treatments by lower concentrations (Table 1).
Table 1
Average mortality (% � standard error) of X. luteolawith water and ethanol extracts
of Schinus molle at various concentrations.

Concentrations (% w/v) Extracts

Water Ethanol

5.6 27.78� 5.56 b e

4.7 e 100.00� 0.00 c
4.3 26.39� 5.92 b 97.22� 2.78 c
3.5 e 87.50� 4.42 bc
3.0 16.67� 5.56 b e

2.5 15.28� 5.53 b 80.56� 4.58 b
2.0 e 73.61� 5.92 b
0.0 0.00� 0.00 a 8.33� 6.88 a

Different small letters between treatments in a column indicate significant differ-
ences between concentrations, according to Tukey tests (p� 0.05).
Water extracts from leaves of S. molle affected daily survival of
adults. The water extract, mortality over 20% was obtained from
day 4th since the beginning of the bioassay (Fig. 1A).

The results of the Probit analyses indicated for the water extract
a mortality response on day 4, with maximum differences between
treatments, in a linear response until the end of the experiment
(Table 2).

From the Probit analyses, the LC50 was of 8.52% w/v (R2¼ 0.87)
for the water extract on day 4th (Table 2). However, Probit analysis
provides in general good LC50 estimates when mortality obtained
varies between 10 and 90%. Beyond these “limits” errors increases
and affect calculations.

The effectiveness of the aqueous extract from leaves of S. molle
was verified in Fig. 2 for all concentrations, and also the direct
relationship between concentration and mortality of X. luteola.
3.2. Insecticide effect of leaf ethanolic extract of S. molle on adults of
X. luteola

With the ethanolic extract, the greatest percentages of mortality
of X. luteola, over 97%, were obtained with the two greatest
concentrations (4.3 and 4.7% w/v). The statistical analyses indicated
significant differences between themortality in each treatment and
their control, for ethanol (F5.42> 2.44; p< 0.05), which reveals
that results of mortality were due to the insecticide extract. The
lesser effects occurred with the treatments by lower concentrations
(Table 1).

The ethanol extracts from leaves of S. molle affected daily
survival of adults. However, the ethanol extract obtained mortality
over 50% in most treatments since the beginning of consumption of
treated leaves, while the water extract, mortality over 20%
was obtained from day 4th since the beginning of the bioassay
(Fig. 1).

The results of the Probit analyses indicated for the ethanol
extract a mortality response on day 2, with the greatest differences
between treatments, and that this response maintained a linear
extract/mortality until the end of the bioassay (Table 2).

From the Probit analyses, the LC50 of 1.88% w/v (R2¼ 0.95) for
the ethanol extract on day 2 was smaller than that of 8.52% w/v
(R2¼ 0.87) for the water extract on day 4th. Thus, the ethanol
extract from leaves of S. molle were more effective than the water
extract to reach the same mortality (Table 2).

The effectiveness of the ethanol extract from leaves of S. molle
was verified in Fig. 2 for all concentrations, above that of the
water extract, and also the direct relationship between
concentration and mortality of X. luteola with both solvents.
Besides, the LC50 was smaller for the ethanol than the water
extracts.
3.3. Antifeeding effect of leaf extracts from S. molle on adults of
X. luteola

On the other side, the water extract had a marked antifeeding
effect, inhibiting adult feeding completely in all treatments. This
means that the insect discriminated between the treated and
untreated leaves, and fed only on the latter (Table 3).

On one side, the ethanol extract from the leaves did not cause an
antifeeding effect on adults of X. luteola, as most of them perished,
and thosewhich remained alive did not feed on the treated and also
the untreated leaves. However, some toxicity was observed on
leaves tested with the ethanol solvent.

Thus, the water extract had a clear and strong antifeeding effect
on the adults of X. luteola, while the ethanol extracts were toxic, at
all concentrations.



Fig. 1. Average mortality (% � standard error) of adults of X. luteola with leaf extract from S. molle with several concentrations at several days of evaluation. (A) water; and (B)
ethanol. Different letters horizontally indicate significant differences between concentrations, according to a Tukey test (p� 0.05).
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4. Discussion

Our results indicate that on adults of X. luteola, ethanol extracts
at concentrations from 2.5 to 4.7% cause mortality over 80%. Then,
our results of the evaluation of efficacy of leaf extracts from S. molle
were superior then those of Ferrero et al. (2007), of only 53%
mortality of Blattella germanica L. with ethanol extracts at 15% w/v,
a concentration almost three times higher than the greatest eval-
uated here (5.6%).

Effective results have been obtained with fruit hexane extracts
of S. molle on neonate larvae of Cydia pomonella L. (Lepidoptera:
Tortricidae). At concentrations of 0.62, 1.25, 2.5, and 5.0 g/kg diet
(equivalent to 0.062, 0,125, 0.25, and 0.5% w/v), these larvae had
mortality levels of 9, 21, 39, and 60%, respectively. They also had
problems when replacing their exoskeleton, and had malformed
Table 2
Mortality of X. luteola adults after treating elm leaves with water and ethanol
extracts from leaves of S. molle.

Extracts Time (d) Slope (mean� S.E.) LC50 (% w/v) Chi2,a

Water 4 39.5� 2.22 8.52 3.33
8 27.7� 6.19 4.06 0.65

Ethanol 2 55.2� 2.94 1.88 2.39
8 15.9� 1.92 0.19 0.14

a Means below the Chi2 tabulated for water (df¼ 3; p� 0.05)¼ 7.81, and Chi2

tabulated for ethanol (df¼ 4; p� 0.05)¼ 9.49, from which the Probit model fits the
experiment data.
pupae and adults (Chirino et al., 2001). Ethanol extracts at 2, 5, and
10% from young and mature leaves ofMelia azedarach L. via Soxhlet
(extraction of the lipid portion) by Defagó et al. (2006) caused high
mortality rates of X. luteola adults, near to 100% 14 d after appli-
cation, results similar to ours with ethanol extracts from S. molle.

Mortality of larvae of X. luteolawith ethanol extracts from leaves
of Daphne gnidium, obtained by Maistrello et al. (2005) using the
Soxhlet extraction, with concentrations of 1, 2, and 3 g/L (equiva-
lent to 0.1, 0.2, and 0.3% w/v) were 27, 70, and 73%, respectively.
Fig. 2. Graph of the Probit test for the mortality of X. luteola for the ethanol and water
extracts from leaves of S. molle at several concentrations on days 2 and 4, respectively.



Table 3
Effect of water extracts from leaves of S. molle on feeding of adults of X. luteola in
a random choice test.

Extracts (% w/v) Leaf area consumed (%) Antifeeding effect (%)

Treated leaves Untreated control

2.5 0.04 a 2.34 a 98.32
3.0 0.00 a 6.67 b 100.00
4.3 0.00 a 3.50 b 100.00
5.6 0.00 a 2.87 b 100.00

Different small letters between treatments in a row indicate significant differences
(ANOVA, p� 0.05) between consumption of treated and untreated leaves.
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Concentrations of ethanol extracts of D. gnidium smaller than those
in our study obtained similar results of mortality when applied to
larvae of X. luteola, which are comparatively more susceptible than
adults of the beetle.

Shekari et al. (2008) evaluated methanol extracts from leaves of
A. annua on adults of X. luteola at 5, 10, 20, 40, and 80%, and at 24
and 48 h obtained LC50 of 19.14 and 15.43%, respectively. These
results indicate that the ethanol extract from S. molle in our study
would be much more effective on adults of X. luteola, requiring
much lower concentrations than with A. annua to reach the LC50.

Our results indicate that water extracts at concentrations from
5.6% w/v cause mortality near 28% on adults of X. luteola. As no
other studies have been carried out on X. luteola� S. molle, results
with other insects are provided. For example, Iannacone and Lamas
(2003) studied the effect of leaf extracts from S. molle on Chrys-
operla externa (Hagen) (Neuroptera: Chrysopidae), Trichogramma
pintoi Voegelé (Hymenoptera: Trichogrammatidae), and Copido-
soma koehleri Blanchard (Hymenoptera: Encyrtidae), and had
mortality of T. pintoi of 55, 95, and 90% after 12 h exposure with
water, hexane, and acetone extracts at 10%, respectively. In
a bioassay of toxicity with 4th stage larvae of Culex quinquefasciatus
Say (Diptera: Culicidae) with water extracts from leaves and fruits
of S. molle at 5 and 15%, Pérez-Pacheco et al. (2004) obtained
mortality of only 0 and 1.7%, respectively. On larvae, pupae, and
adults of X. luteola, Sendi et al. (2005) applied water extracts from
Sambucus ebulus and Artemisia annua at 1, 5, and 10%, and obtained
average mortality of 77.1 and 91.31%, respectively.

These results of mortality could be due to diverse active
substances present mainly in the leaves of S. molle, in which
Guardiola et al. (1990) have described essential oils such as timol,
citronelil acetate, and b-cariophylene. Wimalaratne et al. (1996)
have mentioned cis-menth-2-en-1-ol y trans-piperitol. Also,
Dikshit et al. (1986), and Steinbauer and Wanjura (2002) have
identified monoterpenes like a-pinene, a- and b-phellandrene,
limonen, cymene, myrcene, b-caryophyllene, cryptone, and a-
terpineol. The monoterpenes in the leaves occur also in the fruits
(Bernhard et al., 1983; Hayouni et al., 2008), and also triterpenoid
acids are extracted from the acid fraction of oleoresins (Pozzo-Balbi
et al., 1978).

Respect of toxicity of ethanol solvent observed in our bioassay of
antifeeding activity, the action of ethanol on the activity of
membrane-bound and soluble acetylcholinesterase (AChe) in
sarcoplasmic reticulum of skeletal muscle has been studied.
Treatment of membranes with 2.5e12.5% v/v ethanol produced
a slight stimulation of the AChe activity and inhibition at higher
concentration (Cabezas-Herrera et al., 1992).

The antifeeding effect of the water extracts of S. molle on adults of
X. luteola agrees with the 100% inhibition results obtained by Defagó
et al. (2006) on the same insect with extracts from leaves of M. aze-
darach at 2, 5, and 10%. Shekari et al. (2008) obtained also similar
results, with an antifeeding effect of the methanol extracts from
leaves ofA. annua superior to75% for concentrationsof2.5, 5, and10%.
The insecticide efficacy of the extracts from leaves of S. molle has
been observed also in their repelling and antifeeding activity on the
house fly Musca domestica L. by Wimalaratne et al. (1996), who
determined that the bioactivity of the volatiles extracted from the
leaves is associated to two compounds: cis-menth-2-en-1-ol, and
trans-piperitol, and that this last compound has a greater repel-
lence action against this fly.
5. Conclusions

Leaf extracts from S. mollewere efficacious as bioinsecticides on
adults of X. luteola, reaching mortality near 100% when obtained
with ethanol, and at concentrations of 4.3 and 4.7% w/v. The
ethanol extracts caused greater mortality than the water extracts at
similar concentrations. On adults of X. luteola, the ethanol extracts
were mainly toxic, and the water extracts presented antifeeding
effect. The least LC50 on adults of X. luteola was obtained with the
ethanol extract (1.88%). The results obtained suggest an interesting
opportunity to develop bioinsecticides based on extracts from
S. molle for use in integrated pest management of the elm leaf
beetle and other pests that may affect urban trees.
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