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Extracts from the fruit of Melia azedarach L. (Meliaceae) have shown antifeedant and toxic effects on sev-
eral insect species, including various pests, but the action of these compounds on natural enemies such as
predators and parasitoids is less understood. The purpose of this work was to assess extract effects on
Cotesia ayerza (Brèthes) (Hymenoptera: Braconidae), a parasitoid of the alfalfa defoliator Colias lesbia
Fab. (Lepidoptera: Pieridae). The extract was first tested on butterfly larvae, in order to determine suble-
thal concentrations, and thus enable the evaluation of extract effects on parasitoid development from
treated hosts. Direct effects of the extract through ingestion or contact (topical application) on adult wasp
survival were also evaluated. An extract concentration of 0.2% was selected for parasitoid tests, since it
allowed butterfly larvae to survive and pupate at normal rates, while inducing sublethal effects mani-
fested as lower body weight. The indirect effects of the extract, through parasitoid development on trea-
ted hosts, were seen only in a female-biased sex ratio, without significant effects on either cocoon
formation time, number of cocoons or adult parasitoids emerged. Adult wasps suffered increased mortal-
ity when their food was treated with extract, but were unaffected by topical application. These results
suggest that M. azedarach extracts could represent an interesting tool for integrated pest management
of C. lesbia populations.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Plants synthesize secondary metabolites or allelochemicals that
have toxic and/or feeding deterrent activity in insects, and thereby
contribute to the regulation of their populations (Mareggiani,
2001). Several limonoids with these characteristics have been iso-
lated from various representatives of Meliaceae (Kraus et al., 1986;
Wheeler and Isman, 2001). The best known is azadirachtin, consid-
ered the most important active ingredient of the neem tree
(Azadirachta indica A. Juss) (Islam, 1986; Champagne et al., 1989;
Ascher, 1993; Breuer and De Loof, 2000). Limonoids were obtained
from seeds of another Meliaceae, Melia azedarach L., which produce
effects similar to those reported for neem (Kraus et al., 1986), and
so this is also considered a promising source of natural pesticides
(Palacios et al., 1993; Ascher et al., 1995; Defagó et al., 2006). Anti-
feedant and/or toxic effects of raw extracts or active principles of
M. azedarach have been reported for a variety of insects, mainly
Lepidoptera, Coleoptera, Diptera and Heteroptera (Isman, 1993;
ll rights reserved.

ladares).
Dilawari et al., 1994; Valladares et al., 1997; Serra et al., 1998;
Carpinella et al., 2003; Defagó et al., 2009).

Colias lesbia Fab. (Lepidoptera: Pieridae) is outstanding among
the economically significant Lepidoptera in alfalfa crops in Argen-
tina, as its larvae can cause losses equivalent to one cut of alfalfa
per year (Imwinkelried et al., 1990). Extracts of M. azedarach have
significantly reduced larval feeding in this species (Valladares
et al., 2003; Defagó et al., 2009). C. lesbia has a diverse parasitoid
assemblage (Avalos, 2007) and so, within a framework of inte-
grated pest management (IPM), it would be useful to know the
possible effects of the plant extract on these agents. Information
on interactions between M. azedarach extracts and natural enemies
of target pest insects is currently very scarce (Banchio et al., 2003;
Charleston et al., 2005; Charleston et al., 2006).

Within this framework, the present paper deals with the para-
sitoid most frequently affecting C. lesbia in alfalfa fields of Argen-
tina: Cotesia ayerza Brèthes (Hymenoptera: Braconidae) (Avalos,
2007). This is a gregarious, koinobiont endoparasitoid, developing
within a host while the latter completes its larval stage, then
emerging and knitting a cocoon to pupate on the host surface.
Here, we first compare the effects of various M. azedarach fruit ex-
tract concentrations on C. lesbia development and survival, and
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then evaluate whether sublethal concentrations for this pest indi-
rectly affect the fitness of its parasitoid C. ayerza. Moreover, we
analyze direct effects of this extract – through contact and inges-
tion – on adult parasitoid survival.
Fig. 1. Effects of different doses of M. azedarach extract on aspects of C. lesbia larva
biology. Mean (±SE) cummulative prepupal mortality, % leaf area consumed and
weight gain (after 15 days of treatment), different letters indicate significant
differences (Tukey < 0.05).
2. Materials and methods

2.1. Insect breeding

2.1.1. Lepidoptera host
C. lesbia larvae and eggs were collected in spring-summer

2007–2008 from alfalfa crops in Córdoba University agricultural
field station (Capilla de los Remedios, to 25 km of Córdoba city
(31� 290 S and 64� 000 O). Newly emerged C. lesbia caterpillars were
placed in plastic cups (9 cm high, 8 cm diameter) with a gauze cov-
er, and fed on fresh alfalfa sprigs from the field station, renewed
every 48 h. Adults were placed in entomological cages (wooden
frames, glass and voile walls, 30 � 30 � 30 cm), provided with a
sugar solution and alfalfa sprigs as oviposition substrate. Leaves
with eggs were placed in Petri dishes until eggs hatched (adapted
from Bahena et al., 1998). Third larval instars of C. lesbia were used
for the tests.

2.1.2. Parasitoids
A parasitoid colony was started in the laboratory from parasit-

ized C. lesbia larvae collected in the field. The emerged adult wasps
were conditioned in entomological cages (see Section 2.1.1), fed a
10% sugar solution (Geervliet et al., 1998) and offered host larvae
for oviposition. C. ayerza adults were used in the tests 24 h after
emergence.

All tests were carried out under controlled humidity (65 ± 5%),
temperature (26 ± 2 �C) and photoperiod (12:12 h) conditions.

2.2. Botanical Extracts

Ripe fruits of M. azedarach were collected from trees in Córdoba
(Argentina) in October 2007. A voucher specimen has been depos-
ited at the Botanical Museum of Córdoba (CORD 229, Córdoba,
Argentina). Air-dried plant material (20–26 �C), was crushed in a
bench miller, Soxhlet extracted with ethanol and concentrated un-
der vacuum, to yield 28.82 g% fruit extract (Carpinella et al., 2003).
An exact amount of the fruit extract was weighted and diluted in
distilled (10 ml) water to reach 5, 2, 0.50, 0.20 or 0.02 g% concen-
tration. To improve adhesion to the leaf surface, 0.07 ml of the sur-
factant ‘‘Tween 20’’ was added to the control and to each extract
concentration.

2.3. Bioassays

2.3.1. Determination of sublethal dose in C. lesbia
To determine sublethal doses, methodology was adapted from

Matter et al. (2002). One larva of C. lesbia (third instar) was placed
per Petri dish and was given alfalfa leaves painted on both faces
with concentrations lower than 1% extract or with water (control),
until survival rates were similar to those of control larvae (see
Fig. 1) (Carpinella et al., 2003; Valladares et al., 2003). For the dif-
ferent treatments, body weight, mortality and amount of food in-
gested (% leaf area, visually estimated as in Defagó et al., 2009)
were recorded every 48 h. Ten replicates were performed for each
treatment. For comparisons among treatments, cumulative prepu-
pal mortality, body weight increase (at the last date with available
larvae in all treatments) and % leaf area consumed were consid-
ered. Data were analyzed with ANOVA or Kruskal–Wallis depend-
ing on whether data normality and homocedasticity requirements
were met.
2.3.2. Indirect effects of the extract on the development of C. ayerza
In each entomological cage, four larvae of C. lesbia were placed

on alfalfa leaves treated with the extract in the selected sublethal
dose, or with water (control). After 48 h, four $$ and two ## of C.
ayerza were introduced in the cages containing the lepidoptera lar-
vae. The food of the parasitoids (water and honey) and that of the
host larvae were renewed every 48 h until pupation of C. lesbia or
emergence of the parasitoids (nine repetitions were performed).
Cocoon formation time, number of cocoons obtained, and number
of parasitoids emerged, were recorded. Male and female adult
wasps thus reared were identified and counted in order to estab-
lish sex ratio. Wasp hind tibial length was measured to provide
an indicator of adult fitness (Charleston et al., 2005).

Variations in cocoon formation time were analyzed with the
Mann–Whitney test. Differences between treatments regarding
number of cocoons, number of parasitoids and tibial length of $$

and ##, were analyzed through the ‘‘t’’ test or the Wilcoxon. Para-
sitoid sex frequency was analyzed within treatments by means of
the X2 test.

2.3.3. Assessing the direct effect of extract on adult parasitoids
2.3.3.1. Ingestion. Five adult specimens of C. ayerza, randomly se-
lected from the laboratory colony, were placed in a cage (as in Sec-
tion 2.1) and offered a food solution consisting of sugar (1 ml),
water (4 ml) and M. azedarach extract (5 ml), with final extract
concentrations of 2%, and 5%. A similar control group was fed with
water (9 ml) and sugar (1 ml). Five replicates were made for each
extract concentration according to Matter et al. (2002) and mortal-
ity was recorded. Mortality rates were compared among treat-
ments by means of ANOVA or Kruskal–Wallis and regression
analysis.

2.3.3.2. Topical application. In order to evaluate contact effects, C.
ayerza wasps randomly selected from the laboratory colony were
isolated in entomological cages (as in Section 2.1), sprayed either
with 1 ml extract at 2% or 5% or with water (control), and fed with
a sugar solution. Four replicates of five individuals were made for
each extract concentration and mortality was recorded every
72 h. Mortality rates were compared among treatments by means
of ANOVA or Kruskal–Wallis.
3. Results

3.1. Determination of sublethal dose in C. lesbia

Feeding on extract-treated food resulted in dose-dependent lar-
val mortality for C. lesbia, (ANOVA: F0.05 (3,8) = 19.94; P = 0.001). All



Fig. 3. Mean (±SE) cumulative mortality of C. ayerza fed with different doses of M.
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larvae receiving the highest concentration (0.5%) died within a
fortnight without entering the pupal stage. In contrast, those fed
with concentrations of 0.2% and 0.02% did so in percentages close
to those of the controls.

Larvae receiving food treated with 0.5% extract ate less than
those fed with lower extract doses (0.02% or 0.2%), whose con-
sumption was in turn similar to that of larvae facing untreated food
(Fig. 1). This trend was statistically significant (ANOVA: F0.05

(3,29) = 11.84; P < 0.001).
The weight of C. lesbia larvae fed with extract concentrations of

0.5% and 0.2% was significantly lower (ANOVA: F0.05 (3,26) = 35.97;
P = 0.001) than that recorded for 0.02% and the control (Fig. 1).
Consequently, the 0.2% extract dose, affecting host weight but
not its survival, was selected for parasitoid assays.
Table 1
Accumulated mortality rates (± SE) resulting from topical application of Melia
azedarach fruit extract on Cotesia ayerza adults.

Treatment (%) Days
1 3 5

0 20 (± 7.3) 46 (± 8.4) 100 (± 0.0)
2 43 (± 9.7) 76 (± 6.1) 97 (± 3.3)
5 35 (± 8.6) 66 (± 8.8) 100 (± 0.0)

Kruskal-Wallis P > 0.05 in all cases.

azedarach extract. (Each point represents the mean of four replicates of five initial
individuals each).
3.2. Indirect effects of the extract on the development of C. ayerza

Parasitoids developing on C. lesbia larvae were not affected by
their hosts receiving food treated with 0.2% M. azedarach extract.
No significant differences between treatments were found regard-
ing the number of cocoons yielded (treated: 44 ± 8.55, untreated:
43 ± 6.8, t = �0.06, P = 0.956), the days required for cocoon forma-
tion (treated: 15.25 ± 1.05; untreated: 17.33 ± 1.28, W = 55,
P = 0.25), the number of adult parasitoids reared from those co-
coons (treated: 42 ± 8.54, untreated: 42 ± 6.39, t = �0.08,
P = 0.937). The presence of the extract in the food of the hosts
did not affect the tibial length of adults ($$ treated: 0.69 ± 0.01, un-
treated: 0.68 ± 0.01, t = �0.82, P = 0.41; ## treated: 0.63 ± 0.01, un-
treated: 0.63 ± 0.01, t = 0.14, P = 0.88).

The sex ratio of the parasitoids emerged from control larvae was
1$:1# (X2 = 0.4, df = 1, P = 0.52), while in those emerging from ex-
tract-fed larvae a 1$:2# ratio was recorded (X2 = 48.42, P 6 0.001)
(Fig. 2).
3.3. Assessing the direct effect of extract on adult parasitoids

3.3.1. Ingestion effects
The ingestion of M. azedarach fruit extract impaired the survival

of C. ayerza (Fig. 3). In the extract-fed parasitoids, mortality ex-
ceeded by 7–8 times that seen in controls on the fourth experiment
day (ANOVA: F0.05 (2,11) = 23.24; P = 0.0001), this activity was
strongly dose-dependent (r2 = 0.75; P = 0.0001). Both treatments
with extract reached 100% mortality on the fifth day, while con-
trols survived 24 h more.
3.3.2. Effects of topical application
Wasp survival was not affected by spraying M. azedarach extract

directly on adults (Table 1, Kruskal–Wallis P > 0.05 in all cases).
Fig. 2. Sex ratio (%) of C. ayerza emerged from larvae of C. lesbia fed with sublethal
doses of M. azedarach extract.
4. Discussion

Consideration of direct and indirect effects of botanical pesti-
cides on higher trophic levels, as represented by parasitoids, is a
necessary step in order to evaluate and understand their bioactiv-
ity and their scope as tools for pest control. The fruit extract of M.
azedarach, at a dose of 0.5%, significantly reduced food consump-
tion and body weight of C. lesbia larvae. These results support
and expand previous reports, in which antifeedant effects were ob-
served on this insect using higher extract concentrations than
those tested here (Palacios et al., 1993; Carpinella et al., 2003;
Valladares et al., 2003). Also at 0.5% concentration, pupation was
completely inhibited and 100% mortality was reached, as observed
with other lepidopteran species exposed to M. azedarach extracts
(e.g. Schmidt et al., 1997; Breuer and De Loof, 1998; De Brito
et al., 2004; Torres et al., 2006; Rossetti et al., 2008). At the other
extreme, no noticeable effects were shown by C. lesbia larvae
receiving food treated with 0.02% extract.

For the purposes of this study, an extract concentration of 0.2%
appeared most adequate, allowing butterfly larvae to survive and
pupate at normal rates, while inducing sublethal effects mani-
fested as lower body weight. Smaller larvae might be less efficient
in their capacity to encapsulate parasitoids (Perera et al., 2000),
which would then benefit from the extract effects. On the other
hand, parasitoid size is frequently correlated to host size (Harvey
et al., 2000). Moreover, extracts in the host body could be toxic
to the parasitoids or otherwise impair their development (Price
and Schuster, 1991; Lowery and Isman, 1995), or even attract
them, facilitating host location (Charleston et al., 2006). Studies
with neem extracts have recorded null or negative effects on par-
asitoids (e.g. Perera et al., 2000; Viñuela et al., 2000; Akol et al.,
2003; Boeke et al., 2003; Mitchell et al., 2004), although some
authors have queried this harmlessness (Lowery and Isman,
1995). In the present study, parasitoids reared from C. lesbia trea-
ted with M. azedarach extracts did not differ from those reared
from untreated larvae, either in numbers, survival, development
time or adult size. Only the sex ratio was altered, in favor of males,
on treated hosts. A similar trend, which might negatively affect
parasitoid numerical response, was observed in another species
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of Cotesia when reared from hosts treated with M. azedarach
leaf extracts, with the additional effect of males being smaller
(Charleston et al., 2005).

Direct effects of the extract on adult C. ayerza varied depending
on application method. Continued exposure to treated food re-
sulted in increased, dose-dependent mortality. This result con-
trasts with the lack of effects recorded in similar tests on the
Hymenoptera parasitoids Hyposoter ebeninus and Cotesia plutella
(Matter et al., 2002; Charleston et al., 2005). On the other hand,
topical application of the extract did not affect C. ayerza adults,
as observed (Chiasson et al., 2004) for neem oil on Encarsia formosa
(Gahan) (Hymenoptera: Aphelinidae).

The present results suggest interesting possibilities for
M. azedarach extracts in pest management, within a framework
of botanical pesticide in combination with biological control
(Charleston et al., 2006). Compounds that negatively affect fitness
of the target insect while having minimal effects on its natural
enemies, could be considered as IPM compatible tools within man-
agement pest programs and deserve further study in this context.
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