
0939 – 5075/2010/0500 – 0412 $ 06.00 © 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D

Introduction

Spodoptera frugiperda Smith (Lepidoptera: 

Noctuidae) and Diatraea saccharalis F. (Lepidop-

tera: Pyralidae) are important pests and damage 

the aerial parts of plants such as corn (Moré et al., 
2002; Matos Neto et al., 2004; Clark et al., 2007). 

The control of these species is carried out in the 

fi rst stages of their culture with synthetic insecti-

cides that increase environmental risks, produc-

tion costs and the dependence upon synthetic in-

secticides, intoxication in operators and residues 

in food (Zanuncio et al., 1998; Rodriguez et al., 

2001; Silva et al., 2009). For these reasons, the use 
of less toxic products, such as neem, pyroligne-
ous, and Asteraceae extracts is important in ag-
ricultural areas (Charleston et al., 2005; Habluet-
zel et al., 2007; Tavares et al., 2009). The effect of 
insecticides on adults, pupae, and caterpillars of 
Lepidoptera has been studied (Pereira et al., 2002; 
Pineda et al., 2009; Senthil-Nathan et al., 2009), 
but few studies have shown the impact of these 
products on eggs of insects with different ages.

The neem plant, Azadirachta indica A. Juss. 
(Meliaceae) originated from Asia, is cultivated 
in several countries of America, Africa, and Aus-
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The control of Lepidoptera pests should be carried out before hatching of their caterpil-
lars to avoid damage to the crops. The aim of this work was to assess the activity of neem 
(trade name: Natuneem®, producer: Base Fértil, Chapadão do Sul, Brazil) and pyroligneous 
extracts (trade name: Biopirol 7M®, producer: Biocarbo, Itabirito, Brazil) at 10 mL/L (1%) 
and 20 mL/L (2%) contents on egg masses of different ages of Spodoptera frugiperda Smith 
(Lepidoptera: Noctuidae) and of Diatraea saccharalis F. (Lepidoptera: Pyralidae) at Em-
brapa Corn and Sorghum in Sete Lagoas, Minas Gerais State, Brazil. The tests took place 
in an unbiased casualized design with 12 treatments and four replications. The insecticides 
were diluted in water, and 0.04 mL of the solution was applied to recently laid and one- and 
two-day-old eggs of S. frugiperda and D. saccharalis. Caterpillars hatching from recently laid 
egg masses of S. frugiperda was lower with 2% pyroligneous extract [(0.02 ± 0.00)%]. Re-
cently laid eggs and one- or two-day-old eggs of D. saccharalis presented lower caterpillar 
hatching with 1% neem extract [(0.00 ± 0.00)%, (0.00 ± 0.00)%, and (1.00 ± 0.01)%] and 
2% neem extract [(0.00 ± 0.00)%], compared to 1% pyroligneous extract [(27.30 ± 3.22)%, 
(28.40 ± 3.32)%, and (37.80 ± 4.14)%] and 2% pyroligneous extract [(42.20 ± 4.49)%, 
(48.70 ± 4.97)%, and (56.60 ± 5.52)%], respectively. Neem and pyroligneous extracts had 
impact on hatching of S. frugiperda and D. saccharalis caterpillars.
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tralia and is one of the most important plants 
with insecticide activity and accentuated action 
against pests such as S. frugiperda (Lima et al., 
2008; Santiago et al., 2008) and mites (Mourão et 
al., 2004a). Extracts from seeds of A. indica are 
used as insecticide in water-based and alcoholic 
solutions (Charbonneau et al., 2007). Azadirach-
tin is the main insecticide compound of this plant, 
with high concentration in its fruit followed by 
its peel and leaves, but the content of said com-
pound in the leaves varies according to the period 
of the year (Bruce et al., 2004; Medina et al., 2004; 
Mourão et al., 2004b).

The pyroligneous extract is obtained by con-
densation of the smoke during wood carboniza-
tion (Silva and Zanetti, 2007), and it can present 
insecticide properties (Silva et al., 2005; Azevedo 
et al., 2007). It is mainly produced from Eucalyp-
tus grandis W. Hill ex Maiden, Piptadenia pereg-
rina (L.) Benth., Piptadenia gonoacantha (Mart.) 
Macbr. or Calycophyllum sprussiana Benth. 
(Alves et al., 2007).

The aim of the present work was to assess 
the harmful effects of the neem and pyroligne-
ous extracts on egg masses of S. frugiperda and 
D. saccharalis of different ages in order to obtain 
products with less environmental impacts, and to 
produce a higher rate of insect mortality.

Material and Methods

Insects and insecticides

The experiments were carried out at (25 ± 1) 
°C, a 12-h photoperiod and (70 ± 10)% relative 
humidity at the Laboratory of Insect Rearing 
(LACRI) of the Brazilian Agricultural Research 
Company (Embrapa Corn and Sorghum) in the 
Municipality of Sete Lagoas, Minas Gerais State, 
Brazil.

Spodoptera frugiperda and Diatraea sacchara-
lis were reared in the laboratory with an artifi cial 
diet (Freitas et al., 2007; Tavares et al., 2009).

Emulsifi ed neem oil (trade name: Natuneem®, 
producer: Base Fértil, Chapadão do Sul, Brazil) 
and pyroligneous extract (trade name: Biopirol 
7M®, producer: Biocarbo, Itabirito, Brazil) (Table 
I) were diluted in water (10 mL/L or 20 mL/L) 
and applied to recently laid eggs or to one- and 
two-day-old eggs of S. frugiperda and of D. sac-
charalis. The control had only water, and it was 
applied with the same volume as in the insecti-
cidal treatments.

The neem was chosen in the form of oil be-
cause it is found more easily for sale. However, in 
farms with neem plants, the water-based extract 
of leaves may be used, and with more advantages 
than the oil extracted from the seeds. The main 
problem using seeds is the low production in 
some regions, as well as the oil extracting proc-
ess, which demands presses and special processes, 
making its use diffi cult. On the other hand, the 
use of leaves when preparing the extract presents 
the advantage of its abundant supply in tropical 
conditions, as well as its easy preparation, making 
its use feasible, mainly in small rural properties 
(Schmutterer, 1990).

Experimental

Groups of pieces of paper used for oviposition 
and with recently laid or one- or two-day-old eggs 
of S. frugiperda and D. saccharalis were cut, and 
20 eggs per group were left on them. Each group 
was put into tubes individually (2 cm in diame-
ter × 10 cm in height). The neem and pyroligne-
ous extracts were diluted in water [10 mL/L (1%) 
or 20 mL/L (2%)], and 0.04 mL of each solution 
of these products were applied to each group of 
eggs. The probes were left for 30 min at room 
temperature in order to dry. Hence they were 
sealed with PVC fi lm.

The hatching of caterpillars from groups of eggs 
of S. frugiperda and D. saccharalis was assessed 5 
and 8 d after application of the neem and pyrolig-
neous extracts, respectively. This period is enough 
for hatching of the insects to occur under normal 
laboratory conditions (Ng et al., 1993; Tavares et 
al., 2009).

Table I. Active ingredient (a.i.), content of active ingre-
dient in the formula, content of the insecticide solution 
(i.s.), producer (Pr), town (To) and Country (Co) of the 
neem oil (Natunnem®) and pyroligneous extract (Bio-
pirol 7M®).

Parameter Natuneem® Biopirol 7M®

Common name Neem oil Pyroligneous extract
a.i. Azadirachtin n.i.a

Content a.i. 
(mL/L)

0.15 n.i.a

i.s. (%) 1.0 or 2.0 1.0 or 2.0
Pr Base Fértil Biocarbo
To Chapadão do Sul Itabirito
Co Brazil Brazil

a n.i., not informed by the manufacturers.
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The tests took place in a completely casualized 
design with 12 treatments and four replications. 
Data regarding hatching of S. frugiperda and D. 
saccharalis were submitted to the variance analy-
sis, and the averages were compared with the 
Tukey test (P < 0.05) using the computer program 
MSTAT-C, version 2.1 (Russel, 1989).

Results

With the 1% neem extract the hatching of cat-
erpillars from recently laid eggs (7.50%) was low-
er than with one- (13.70%) or two-day-old eggs 
(15.00%) of S. frugiperda (Table II). The hatching 
of caterpillars from recently laid eggs and from 
one- or two-day-old eggs of S. frugiperda was 
6.20%, 7.50%, and 7.50%, respectively, with 2% 
neem extract (Table II).

The 1% pyroligneous extract caused a lower 
rate of hatching of caterpillars from recently laid 
(23.70%) and one-day-old (35.00%) eggs com-
pared to two-day-old eggs (75.00%) of S. fru-
giperda (Table III). The hatching of caterpillars 
from recently laid eggs (0.02%) with 2% pyrolig-

neous extract was lower than that from one-day-
old (25.00%) or two- day-old (45.00%) eggs of S. 
frugiperda (Table III).

The hatching of caterpillars from recently laid 
eggs (0.00%), and one- (0.00%) or two-day-old 
(1.00%) eggs of D. saccharalis was similar with 
1% neem extract (Table IV). These values were 
also similar to those with 2% neem extract (re-
cently laid eggs, 0.00%, and those being one day 
of age, 0.00%, or two days of age, 0.00%, respec-
tively) (Table IV).

The hatching of caterpillars from two-day-old 
eggs of D. saccharalis (37.80%) was higher than 
that from the recently laid ones (27.30%) or that 
being one day old (28.40%) with 1% pyroligneous 
extract (Table V). The 2% pyroligneous extract 
caused a lower rate of hatching of caterpillars 
from recently laid eggs of D. saccharalis (42.20%) 
than from those being one day old (48.70%) or 
two days old (56.60%) (Table V).

Discussion

The lower hatching of caterpillars from recently 
laid eggs of S. frugiperda as compared to those at 

Table II. Hatching (%) of caterpillars from groups of recently laid or one- or two-day-old Spodoptera frugiperda 
(Lepidoptera: Noctuidae) eggs, fi ve days after application of 1% or 2% water-based neem extract in Sete Lagoas, 
Minas Gerais, Brazil.

Age of eggs Hatching (%) of caterpillars of Spodoptera frugiperda

1% Neem extract 2% Neem extract Water

Recently laid 7.50 ± 0.73Aa 6.20 ± 0.48Aa 81.20 ± 7.01Ab
1 d 13.70 ± 1.70Ba 7.50 ± 0.73Aa 90.00 ± 7.48Ab
2 d 15.00 ± 1.87Ba 7.50 ± 0.73Aa 92.50 ± 7.61Ab

CV 9.28%

Averages followed by the same capital letter per column or lower case letter per line did not differ by the Tukey 
test (P < 0.05). CV, coeffi cient of variation.

Table III. Hatching (%) of caterpillars from groups of recently laid or one- or two-day-old Spodoptera frugiperda 
(Lepidoptera: Noctuidae) eggs, fi ve days after application of 1% or 2% pyroligneous extract in Sete Lagoas, Minas 
Gerais, Brazil.

Age of eggs Hatching (%) of caterpillars of Spodoptera frugiperda

1% Pyroligneous extract 2% Pyroligneous extract Water

Recently laid 23.70 ± 2.86Ab 0.02 ± 0.00Aa 81.20 ± 7.01Ac 
1 d 35.00 ± 3.91ABab 25.00 ± 3.00Ba 90.00 ± 7.48Ac
2 d 75.00 ± 6.66Cb 45.00 ± 4.70Ca 92.50 ± 7.61Ac

CV 9.61%

Averages followed by the same capital letter per column or lower case letter per line did not differ by the Tukey 
test (P < 0.05). CV, coeffi cient of variation.
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the age of one or two days with 1% neem extract 
seems to suggest a greater resistance of the lat-
ter to natural products, which may be due to the 
higher level of hardness and diffi culty of penetra-
tion for external products, which can be verifi ed 
by the mortality of 97.7% of S. frugiperda eggs at 
the age of one day, treated with Lychnophora eri-
coides Mart. (Asteraceae) or Trichogonia villosa 
Sch. Bip. Ex. Baker (Asteraceae), and of 72.0% 
for two-day-old insect eggs treated with Lepida-
ploa lilacina (Mart. Ex. DC.) H. Rob. (Asteraceae) 
(Tavares et al., 2009). Neonate and young cater-
pillars of Leptinotarsa decemlineata Say (Coleop-
tera: Chrysomelidae) were more susceptible to 
extracts of Piper tuberculatum Jacq. (Piper aceae) 
than four-day-old ones, while the extract of Piper 
nigrum L. (Piperaceae) reduced the larval surviv-
al rate of this insect up to 70% (Scott et al., 2003). 
These results suggest that younger insects of some 
species are more susceptible to botanic extracts. 
However, this was not observed for the eggs of D. 
saccharalis with 1% or 2% neem extracts, which 
suggests a higher level of sensitivity of egg masses 
of this species to external agents. The penetration 
and action of neem compounds caused a higher 

mortality rate at the cellular level of insects, as 
observed for isolated limonoids of this plant on 
Drosophila melanogaster Meigen (Diptera: Dro-
sophilidae) (Anuradha et al., 2007) with interfer-
ence in the growth regulation hormones and with 
the metamorphosis and reproduction of insects 
(Huang et al., 2007). However, other neem com-
pounds, such as neembin and salannin, were also 
toxic to the insects (Jarvis et al., 1997).

The similar mortality of S. frugiperda eggs of 
different ages with 2% neem extract confi rms that 
this content was enough to reduce the hatching of 
caterpillars of this species in the laboratory, which 
gives evidence of the impact of neem extracts on 
Lepidoptera pests. Their more active compounds 
belong to the limonoid class, and azadirachtin 
is the main compound which acts on insects, its 
main source being the fruits along with the peel 
and the leaves (Schmutterer, 1990). Nevertheless, 
the similar mortality of recently laid eggs and of 
one- or two-day-old ones of S. frugiperda and 
D. saccharalis with the 1% or 2% neem extract 
shows a satisfactory impact of the extracts on 
these insects. The harmful effect of neem was also 
observed for the lower hatching of caterpillars 

Table IV. Hatching (%) of caterpillars from groups of recently laid or one- or two-day-old Diatraea saccharalis 
(Lepidoptera: Pyralidae) eggs, eight days after application of 1% or 2% water-based neem extract in Sete Lagoas, 
Minas Gerais, Brazil.

Age of eggs Hatching (%) of caterpillars of Diatraea saccharalis

1% Neem extract 2% Neem extract Water

Recently laid 0.00 ± 0.00Aa 0.00 ± 0.00Aa 82.30 ± 7.07Ab
1 d 0.00 ± 0.00Aa 0.00 ± 0.00Aa 87.60 ± 7.35Ab
2 d 1.00 ± 0.01Aa 0.00 ± 0.00Aa 93.20 ± 7.65Ab

CV 9.65%

Averages followed by the same capital letter per column or lower case letter per line did not differ by the Tukey 
test (P < 0.05). CV, coeffi cient of variation.

Table V. Hatching (%) of caterpillars from groups of recently laid or one- or two-day-old Diatraea saccharalis 
(Lepidoptera: Pyralidae) eggs, eight days after application of 1% or 2% pyroligneous extract in Sete Lagoas, Minas 
Gerais, Brazil.

Age of eggs Hatching (%) of caterpillars of Diatraea saccharalis

1% Pyroligneous extract 2% Pyroligneous extract Water

Recently laid 27.30 ± 3.22Aa 42.20 ± 4.49Ab 82.30 ± 7.07Ac
1 d 28.40 ± 3.32Aa 48.70 ± 4.97Bb 87.60 ± 7.35Ac
2 d 37.80 ± 4.14Ba 56.60 ± 5.52Cb 93.20 ± 7.65Ac

CV 8.11%

Averages followed by the same capital letter per column or lower case letter per line did not differ by the Tukey 
test (P < 0.05). CV, coeffi cient of variation.
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from egg masses of Mamestra brassicae L. (Lepi-
doptera: Noctuidae) (Seljasen and Meadow, 2006) 
and in the fi fth instar of Streblote panda Hübner 
(Lepidoptera: Lasiocampidae) caterpillars (Calvo 
and Molina, 2003). Also, other botanic products 
were harmful to the Lepidoptera, such as Portere-
sia coarctata Takeoka (Poaceae) to Spodoptera 
litura F. (Lepidoptera: Noctuidae) (Ulrichs et al., 
2008) and Gliricidia sepium Jacquin (Legumi-
nosae) to corn pests (Montes-Molina et al., 2008). 
In addition to the ovicide effect, neem causes 
repellence and feeding reduction in the insects, 
interfering with the growth regulation hormones, 
metamorphosis and reproduction. The action on 
the biological cycle is shown through the longev-
ity of the adults of S. frugiperda caterpillars, since 
the water-based extract of neem reduces feeding, 
development and, later, causes the death of the 
caterpillars via ingestion of corn leaves treated 
with the extract (Schmutterer, 1990).

The higher rate of hatching of caterpillars from 
D. saccharalis and S. frugiperda eggs at the age 
of two days, as compared to that of recently laid 
or one-day-old insect eggs, with the pyroligne-
ous extract suggests that the older insects are 
more resistant to this extract. This might be due 
to the more advanced maturation of the eggs, 
which makes it diffi cult to let external agents in 
(Tavares et al., 2009). The lower hatching rate of 
caterpillars from eggs of D. saccharalis and of S. 
frugiperda with 2% pyroligneous extract suggests 
that egg masses of these pests might have differ-
ent susceptibilities to the same extract concen-
trations. Products based on pyroligneous extract 
present the possibility of being used for D. sac-
charalis and S. frugiperda, mainly the 2% pyro-
ligneous extract for recently laid egg masses or 
for one-day-old ones. However, the effi ciency of 
botanic products on insects might vary with UV 
radiation, temperature, and solvent used, or with 
the concentration of the extract (Moreira et al., 
2007). The genetics of the plant, the extraction 
time of the compounds (Sidhu et al., 2004), leaf 
areas, organic compounds of leaves, density of 
leaf trichomes (Leite et al., 2007), and the part of 
the plant used for producing the extracts further 
infl uence the activity of some compounds against 
insects (Siskos et al., 2007). In addition this prod-
uct is more effi cient in the fi eld, since it activates 
substances of the secondary metabolism of the 
plants and thus improving resistance (Tsuzuki et 
al., 2000).

The prohibition of the use of synthetic prod-
ucts in areas having organic agriculture makes the 
use of botanic products for the control of insects 
important. On the other hand, the emergence of 
adults of Trichogramma pretiosum Riley (Hy-
menoptera: Trichogrammatidae) or Trichogram-
ma exiguum Pinto and Platner (Hymenoptera: 
Trichogrammatidae) from eggs of Plutella xylo-
stella L. (Lepidoptera: Plutellidae) after applica-
tion of neem, pyroligneous extract or a mixture of 
these products with synthetic insecticides (Thuler 
et al., 2008) and that of Telenomus remus Nixon 
(Hymenoptera: Scelionidae) parasitizing eggs of 
S. frugiperda treated with extracts of Asteraceae 
(Tavares et al., 2009) was lower, suggesting that 
the use of these products might diminish the 
emergence of natural enemies from parasitized 
egg masses. Other botanic products, such as neem, 
astilbin, and Asteraceae extracts caused mortal-
ity of pests [Oligonychus ilicis McGregor (Acari: 
Tetranychidae)] (Mourão et al., 2004a), pollinat-
ing insects [Apis mellifera L. (Hymenoptera: Api-
dae)] (Cintra et al., 2005a), leaf-cutting ant [Atta 
sexdens rubropilosa Forel (Hymenoptera: Formi-
cidae)] (Cintra et al., 2005b), predators [Iphisei-
odes zuluagai Denmark and Muma (Acari: Phy-
toseiidae)] (Mourão et al., 2004b), and parasitoids 
[Trichogramma pretiosum Riley (Hymenoptera: 
Trichogrammatidae) and Telenomus remus Nix-
on (Hymenoptera: Scelionidae)] (Tavares et al., 
2009). Bacillus thuringiensis also affected T. pre-
tiosum parasitizing eggs of Anagasta kuehniella 
Zeller (Lepidoptera: Pyrallidae) (Vianna et al., 
2009). The two latter examples suggest that plant 
extracts or biological products applied to parasit-
ized eggs might decrease the hatching of insects 
and, therefore, harm the biological control of nat-
ural enemies’ important tactics of integrated pest 
management (Matos Neto et al., 2004, 2005).

The mortality of eggs of different ages of S. fru-
giperda and D. saccharalis treated with different 
concentrations of neem or pyroligneous extracts 
was satisfactory in the laboratory, thus suggesting, 
that they might be used in the control of these 
pests.

Acknowledgements

To “Conselho Nacional de Desenvolvimento 
Científi co e Tecnológico (CNPq)” and “Fundação 
de Amparo à Pesquisa do Estado de Minas Ge-
rais (FAPEMIG)” for fi nancial support.



W. S. Tavares et al. · Activity of Natural Products on Postures of Lepidoptera 417

Alves M., Cazetta J. O., Nunes M. A., Oliveira C. A. L., 
and Colombi C. A. (2007), Ação de diferentes pre-
parações de extrato pirolenhoso sobre Brevipalpus 
phoenicis (Geijskes). Rev. Bras. Frutic. 29, 382 – 385.

Anuradha A., Annadurai R. S., and Shashidhara L. S. 
(2007), Actin cytoskeleton as a putative target of the 
neem limonoid azadirachtin A. Insect Biochem. Mol. 
37, 627 – 634.

Azevedo F. R., Leitão A. C. L., Lima M. A. A., and Gui-
marães J. A. (2007), Efi ciência de produtos naturais 
no controle de Callosobruchus maculatus (Fab.) em 
feijão caupi (Vigna unguiculata (L.) Walp.) armaze-
nado. Rev. Ciênc. Agron. 38, 182 – 187.

Bruce Y. A., Gounou S., Chabi-Olaye A., Smith H., and 
Schulthess F. (2004), The effect of neem (Azadirachta 
indica A. Juss.) oil on oviposition, development and 
reproductive potentials of Sesamia calamistis Hamp-
son (Lepidoptera: Noctuidae) and Eldana saccharina 
Walker (Lepidoptera: Pyralidae). Agric. Forest Ento-
mol. 6, 223 – 232.

Calvo D. and Molina J. M. (2003), Effects of a commer-
cial neem (Azadirachta indica) extract on Streblote 
panda larvae. Phytoparasitica 31, 365 – 370.

Charbonneau C., Côté R., and Charpentier G. (2007), 
Effects of azadirachtin and of simpler epoxy-alco-
hols on survival and behavior of Galleria mellonella 
( Lepidoptera). J. Appl. Entomol. 131, 447 – 452.

Charleston D. S., Kfi r R., Vet L. E. M., and Dicke M. 
(2005), Behavioural responses of diamondback moth 
Plutella xylostella (Lepidoptera: Plutellidae) to ex-
tracts derived from Melia azedarach and Azadirachta 
indica. Bull. Entomol. Res. 95, 457 – 465.

Cintra P., Malaspina O., Bueno O. C., Petacci F., Fern-
andes J. B., Vieira P. C., and Silva M. F. G. F. (2005a), 
Oral toxicity of chemical substances found in Dimor-
phandra mollis (Caesalpiniaceae) against honeybees 
(Apis mellifera) (Hymenoptera: Apidae). Sociobiol-
ogy 45, 141 – 149.

Cintra P., Bueno F. C., Bueno O. C., Malaspina O., Petac-
ci F., and Fernandes J. B. (2005b), Astilbin toxicity to 
leaf-cutting ant Atta sexdens rubropilosa (Hymenop-
tera: Formicidae). Sociobiology 45, 347 – 353.

Clark P. L., Molina-Ochoa J., Martinelli S., Skoda S. R., 
Isenhour D. J., Lee D. J., Krumm J. T., and Foster J. 
E. (2007), Population variation of the fall armyworm, 
Spodoptera frugiperda, in the Western Hemisphere. J. 
Insect Sci. 7, 1 – 10.

Freitas M. D. T., Silva E. L., Mendonça A. L., Silva C. 
E., Fonseca A. P. P., Mendonça A. L., Santos J. S., 
Nascimento R. R., and Sant’ana A. E. G. (2007), 
The biology of Diatraea fl avipennella (Lepidoptera: 
Crambidae) reared under laboratory conditions. Fla. 
Entomol. 90, 309 – 313.

Habluetzel A., Carnevali F., Lucantoni L., Grana L., 
Attili A. R., Archilei F., Antonini M., Valbonesi A., 
Abbadessa V., Esposito F., Andrew S., and Esch S. 
A. (2007), Impact of the botanical insecticide Neem 
Azal® on survival and reproduction of the biting 
louse Damalinia limbata on angora goats. Vet. Para-
sitol. 144, 328 – 337.

Huang Z., Shi P., Chen G., and Du J. (2007), Effects 
of azadirachtin on hemolymph protein expression in 
Ostrinia furnacalis (Lepidoptera: Crambidae). Ann. 
Ent. Soc. Am. 100, 245 – 250.

Jarvis A. P., Johnson S., Morgan E. D., Simmonds M. 
S. J., and Blaney W. M. (1997), Photooxidation of 
nimbin and salannin, tetranortriterpenoids from the 
neem tree (Azadirachta indica). J. Chem. Ecol. 23, 
2841 – 2860.

Leite G. L. D., Picanço M. C., Zanuncio J. C., and 
Gusmão M. R. (2007), Factors affecting colonization 
and abundance of Aphis gossypii Glover (Hemiptera: 
Aphididae) on okra plantations. Ciênc. Agrotec. 31, 
337 – 343.

Lima J. F. M., Grützmacher A. D., Cunha U. S., Porto M. 
P., Martins J. F. S., and Dalmazo G. O. (2008), Ação de 
inseticidas naturais no controle de Spodoptera fru-
giperda (J. E. Smith, 1797) (Lepidoptera: Noctuidae) 
em milho cultivado em agroecossistema de várzea. 
Ciênc. Rural 38, 607 – 613.

Matos Neto F. C., Cruz I., Zanuncio J. C., Silva C. H. O., 
and Picanço M. C. (2004), Parasitism by Campoletis 
fl avicincta on Spodoptera frugiperda in corn. Pesq. 
Agropec. Bras. 39, 1077 – 1081.

Matos Neto F. C., Zanuncio J. C., Cruz I., Guedes R. 
N. C., and Picanço M. C. (2005), Progeny produc-
tion and parasitism by Campoletis fl avicincta (Hym. 
 Ichneumonidae) as affected by female ageing. Biol. 
Agric. Hort. 22, 369 – 378.

Medina P., Budia F., Del Estal P., and Viñuela E. (2004), 
Infl uence of azadirachtin, a botanical insecticide, on 
Chrysoperla carnea (Stephens) reproduction: toxicity 
and ultrastructural approach. J. Econ. Entomol. 97, 
43 – 50.

Montes-Molina J. A., Luna-Guido M. L., Espinoza-Paz 
N., Govaerts B., Gutierrez-Miceli F. A., and Den-
dooven L. (2008), Are extracts of neem (Azadirachta 
indica A. Juss. (L.)) and Gliricidia sepium (Jacquin) 
an alternative to control pests on maize (Zea mays 
L.)? Crop Prot. 27, 763 – 774.

Moré M., Trumper E. V., and Prola M. J. (2002), Infl u-
ence of corn, Zea mays, phenological stages in Dia-
traea saccharalis F. (Lep. Crambidae) oviposition. J. 
Appl. Entomol. 127, 512 – 515.

Moreira M. D., Picanço M. C., Barbosa L. C. A., Guedes 
R. N. C., Barros E. C., and Campos M. R. (2007), 
Compounds from Ageratum conyzoides: isolation, 
structural elucidation and insecticidal activity. Pest 
Manag. Sci. 63, 615 – 621.

Mourão S. A., Zanuncio J. C., Pallini Filho A., Gudes R. 
N., and Camargos A. B. (2004a), Toxicidade de extra-
tos de nim (Azadirachta indica) ao ácaro-vermelho-
do-cafeeiro Oligonychus ilicis. Pesq. Agropec. Bras. 
39, 827 – 830.

Mourão S. A., Silva J. C. T., Guedes R. N. C., Venzon M., 
Jhan G. N., Oliveira C. L., and Zanuncio J. C. (2004b), 
Seletividade de extratos de nim (Azadirachta indi-
ca A. Juss.) ao ácaro predador Iphiseiodes zulua-
gai (Denmark and Muma) (Acari: Phyto seiidae). 
Neotrop. Entomol. 33, 613 – 617.

Ng S. S., Davis F. M., and Reese J. C. (1993), South-
western corn borer (Lepidoptera: Pyralidae) and fall 
armyworm (Lepidoptera: Noctuidae): comparative 
developmental biology utilization. J. Econ. Entomol. 
86, 394 – 400.

Pereira L. B., Petacci F., Fernandes J. B., Vieira P. C., Sil-
va M. F. G. F., Malaspina O., and Correa A. G. (2002), 
Biological activity of astilbin from Dimorphandra 



418 W. S. Tavares et al. · Activity of Natural Products on Postures of Lepidoptera

mollis (Benth.) against Anticarsia gemmatalis Hüb-
ner and Spodoptera frugiperda (Smith). Pest Manag. 
Sci. 58, 503 – 507.

Pineda S., Martinez A. M., Figueroa J. I., Schneider M. 
I., Del Estal P., Vinuela E., Gomez B., Smagghe G., 
and Budia F. (2009), Infl uence of azadirachtin and 
methoxyfenozide on life parameters of Spodoptera 
littoralis (Lepidoptera: Noctuidae). J. Econ. Entomol. 
102, 1490 – 1496.

Rodriguez L. M., Reagan T. E., and Ottea J. A. (2001), 
Susceptibility of Diatraea saccharalis (Lepidoptera: 
Crambidae) to tebufenozide. J. Econ. Entomol. 94, 
1464 – 1470.

Russel D. F. (1989), MSTAT-C Statistical Package Pro-
gram ver. 2.1. Michigan State University, East Lans-
ing.

Santiago G. P., Padua L. E. D., Silva P. R. R., Carvalho 
E. M. S., and Maia C. B. (2008), Efeitos de extratos 
de plantas na biologia de Spodoptera frugiperda (J. E. 
Smith, 1797) (Lepidoptera: Noctuidae) mantida em 
dieta artifi cial. Ciênc. Agrotec. 32, 792 – 796.

Schmutterer H. (1990), Properties and potential of 
natural pesticides from the neem tree, Azadirachta 
indica. Annu. Rev. Entomol. 35, 271 – 297.

Scott I. M., Jensen H. R., Scott J. G., Isman M. B., Ar-
nason J. T., and Philogène B. J. R. (2003), Botanical 
insecticides for controlling agricultural pests: piper-
amides and the Colorado potato beetle Leptinotarsa 
decemlineata Say (Coleoptera: Chrysomelidae). Arch. 
Insect Biochem. 54, 212 – 225.

Seljasen R. and Meadow R. (2006), Effects of neem 
on oviposition and egg and larval development of 
Mamestra brassicae L.: Dose response, residual activ-
ity, repellent effect and systemic activity in cabbage 
plants. Crop Prot. 25, 338 – 345.

Senthil-Nathan S., Choi M. Y., Seo H. Y., Paik C. H., 
and Kalaivani K. (2009), Toxicity and behavioral ef-
fect of 3β,24,25-trihydroxycycloartane and beddomei 
lactone on the rice leaffolder Cnaphalocrocis medi-
nalis (Guenée) (Lepidoptera: Pyralidae). Ecotoxicol. 
Environ. Saf. 72, 1156 – 1162.

Sidhu O. P., Kumar V., and Behl H. M. (2004), Variabil-
ity in triterpenoids (nimbin and salanin) composition 
of neem among different provenances of India. Ind. 
Crop Prod. 19, 69 – 75.

Silva A. S. and Zanetti R. (2007), Forrageamento por 
Atta sexdens rubropilosa Forel, 1908 (Hymenoptera: 
Formicidae) a campo em mudas de eucalipto pulveri-
zadas ou imersas em soluções de extrato pirolenhoso. 
Rev. Árvore 31, 753 – 759.

Silva A. S., Ponetti Filho Z. R., Carvalho G. A., Santos 
A., and Mattos J. O. S. (2005), Preferência de formi-
gas cortadeiras por mudas de eucalipto pulverizadas 
ou imersas em soluções de extrato pirolenhoso em 
diferentes concentrações. Sci. For. 1, 9 – 13.

Silva C. A. D., Zanuncio T. V., Cunha B. G., Castro A. 
A., Canevari G., Serrão J. E., and Zanuncio J. C. 
(2009), Development and survival of nymphs of Po-
disus nigrispinus (Heteroptera: Pentatomidae) fed 
with caterpillars of Chlosyne lacinia saundersii (Le-
pidoptera: Nymphalidae). Braz. Arch. Biol. Technol. 
52, 205 – 209.

Siskos E. P., Konstantopoulou M. A., Mazomenos B. E., 
and Jervis M. (2007), Insecticidal activity of Citrus 
aurantium fruit, leaf, and shoot extracts against adult 
olive fruit fl ies (Diptera: Tephritidae). J. Econ. Ento-
mol. 100, 1215 – 1220.

Tavares W. S., Cruz I., Petacci F., Assis Júnior S. L., 
Freitas S. S., Zanuncio J. C., and Serrão J. E. (2009), 
Potential use of Asteraceae extracts to control 
Spodoptera frugiperda (Lepidoptera: Noctuidae) and 
selectivity to their parasitoids Trichogramma pretio-
sum (Hymenoptera: Trichogrammatidae) and Tele-
nomus  remus (Hymenoptera: Scelionidae). Ind. Crop 
Prod. 30, 384 – 388.

Thuler R. T., Bortoli S. A., Goulart R. M., Viana C. L. 
T. P., and Pratissoli D. (2008), Interação tritrófi ca e 
infl uência de produtos químicos e vegetais no com-
plexo: brássicas x traça-das-crucíferas x parasitóides 
de ovos. Ciênc. Agrotec. 32, 1154 – 1160.

Tsuzuki E., Morimitsu T., and Matsui T. (2000), Effect 
of chemical compounds in pyroligneous acid on root 
growth in rice plant. Jpn. J. Crop Sci. 66, 15 – 16.

Ulrichs C., Mewis I., Adhikary S., Bhattacharyya A., and 
Goswami A. (2008), Antifeedant activity and toxicity 
of leaf extracts from Porteresia coarctata Takeoka 
and their effects on the physiology of Spodoptera 
litura (F.). J. Pest. Sci. 81, 79 – 84.

Vianna U. R., Pratissoli D., Zanuncio J. C., Lima E. 
R., Brunner J., Pereira F. F., and Serrão J. E. (2009), 
Insecticide toxicity to Trichogramma pretiosum 
(Hymenoptera: Trichogrammatidae) females and 
effect on descendant generation. Ecotoxicology 18, 
180 – 186.

Zanuncio J. C., Batalha V. C., Gudes R. N., and Picanço 
M. C. (1998), Insecticide selectivity to Supputius cinc-
ticeps (Stal) (Het.: Pentatomidae) and its prey Spo-
doptera frugiperda (J. E. Smith) (Lep.: Noctuidae). J. 
Appl. Entomol. 122, 457 – 460.




