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ABSTRACT: To evaluate the toxic effect of commercial for-
mulations of neem oil, Azadirachta indica A. Juss, pre-pupae
(PP), young pupae (YP) and old pupae (OP) of Diatraea sac-
charalis F. (Lepidoptera: Crambidae) were sprayed with the
diluted extract in distilled water at concentrations of 0.0,
0.3, 0.5, 1.0 and 2.0%. The neem extract caused concentra-
tion-dependent effects on mortality of pupae, and the pupae
that failed to emerge in adults had multiple abnormalities.
The longevity of pupae that emerged in adults (YP and OP
group) did not differ from the control group. The abnor-
malities found in adults were related to mortality in all tre-
atments, except at the concentration of 1.0%. Fertility was
assessed according to the oviposition of adult females from
the YP group that showed no abnormalities, through the
evaluation of the number of deposited eggs and the rate of
undeveloped eggs. The results showed a reduction in the
number of eggs laid and an increase in the percentage of
undeveloped eggs. These results show that neem oil has a
high potential to control the toughest stage of the sugarcane
borer and also reduces the further development. Therefore,
commercial formulations of neem oil have a toxic effect on
pupae and adults of D. saccharalis.
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RESUMO: Para avaliar o efeito téxico de formulagées comerciais
de dleo de neem, Azadirachta indica A. Juss, pré-pupas (PP), pupas
jovens (P]) e pupas velhas (PV) da Diatraea saccharalis F. (Lepidoptera:
Crambidae) foram pulverizadas com o extrato diluido em dgua
destilada, em concentragoes de 0,0, 0,3, 0,5, 1,0 e 2,0%. O neem
provocou diferentes efeitos sobre a mortalidade de pupas, dependendo
da concentragio. As pupas que nao conseguiram emergir em adultos
apresentaram anormalidades multiplas. Quanto as pupas que emergiram
em adultos (grupos PJ e PV), foi calculada a sua longevidade, que nio
diferiu da do grupo controle. As anormalidades encontradas em adultos
estao relacionadas com a mortalidade em todos os tratamentos com
exceco da concentragio de 1,0%. A fecundidade foi avaliada de acordo
com a oviposigio de adultos fémeas do grupo PJ, que ndo apresentaram
anormalidades; dentro dos ovos depositados foi avaliado o nimero
de ovos nio desenvolvidos. Os resultados demonstraram reducio no
nimero de ovos depositados e aumento na porcentagem de ovos nio
desenvolvidos. Esses resultados mostraram que o 6leo de neem tem
elevado potencial para o controle do estdgio mais resistente da broca da
cana-de-agticar, além de reduzir o aparecimento das fases subsequentes.
Portanto, formulacées comerciais de éleo de neem apresentam um
efeito téxico em pupas e adultos de D. Saccharalis.

PALAVRAS-CHAVE: cxtrato oleoso de Neem; inseticida

natural; cana-de-agtcar; toxicidade.
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INTRODUCTION

Azadirachta indica A. Juss., a plant in the Meliaceae family, popu-
larly known as neem, has a total of 24 compounds with biological
activities, including triterpenoids, phenols, carotenoids, steroids
and ketones, which can be extracted from different parts of the
tree (BISWAS et al., 2002). However, only four of these com-
pounds have pesticide activities, including azadirachtin, solanine,
melanthriol and nimbin (SCHMUTTERER, 1990; MORDUE
(LUNTZ); BLACKWELL, 1993; HUANG et al., 1996).

The action of azadirachtin on pupae viability is variable
according to the type of treatment, species and/or family of
the insect, besides the applied dose. In most cases, the lar-
val stage is the most sensitive to treatment. In pupae, how-
ever, because they are at a stage in which the insect does not
feed and also because of a thicker cuticle layer, the action of
insecticide products is less effective (KUMAR et al., 2005).

Studies with the direct application of neem on pre-pupae
and pupae aiming to observe its action in these developmen-
tal stages are very rare. In Lepidoptera, especially, the major-
ity of studies focuses on the immature stages of nymphs and
caterpillars (SILVA et al., 2003; VIANA; PRATES, 2003;
GREENBERG et al., 2005; GONCALVEZ-GERVASIO;
VENDRAMIN, 2007; NATHAN et al., 2007; KUMAR
etal., 2012). EL-BOKL etal. (2010) analyzed the toxic effect
of neem oil treatment in pre-pupae of Rhynchophorus ferru-
gineus Olivier (Coleoptera: Curculionidae).

The toxic effect of neem oil at various concentrations
has been recently observed in eggs and subsequent stages of
Diatraea saccharalis F. (Lepidoptera: Crambidae). This study
demonstrated ovicidal and larvicidal effects in the first instars,
with alterations in the embryonic development, impairing the
formation of new individuals (SILVA et al., 2013). OLIVEIRA
et al. (2013) also found alterations in D. saccharalis eggs, in
which only 42.4% of caterpillars hatched and there was an
extension of the embryonic period.

In order to seek natural alternatives that provide effi-
cient control of the main pest of sugarcane in the stage less
sensitive to insecticides, this study evaluated the effect of
neem oil in pupal development and its residual effect on
subsequent stages, especially the emergence and oviposi-
tion of adult D. saccharalis F. (Lepidoptera: Crambidae).

METHODS

Effect of neem oil extract
on pupal development
To obtain the pre-pupae and pupae, larvae of D. sacchara-

lis were placed on artificial diet (HENSLEY; HAMMOND
JUNIOR, 1968) and maintained in controlled conditions

of 25 + 1°C, relative humidity of 70 + 10% and photope-
riod of 12 hours, at the Department of Cellular Biology and
Genetics of the State University of Maringa, Parand, Brazil.
Pre-pupae and pupae of different ages were removed from
the diet and separated into the following groups: pre-pupae
(intermediate stage between caterpillars and pupae, beginning
the melanization and chitinization); young pupae (one to six
days of development); and old pupae (seven to fourteen days
of development).

The bioinseticide used was NATUNEEM® (neem vir-
gin oil with azadirachtin content above 1,500 ppm), an
organic product certified by BCS OKO Garantie, Doc num-
ber Natur 9009/09.05/7331-BR. The neem oil extract was
diluted in distilled water into the following concentrations:
0.0; 0.3; 0.5; 1.0 and 2.0%. Twelve individuals were used
for each treatment, with three replicates for each concen-
tration (n = 36) and a total of 180 individuals per group.
Approximately 100 pL of the product was topically sprayed
onto each organism.

After the treatments, all individuals were placed in poly-
ethylene containers containing moistened cotton lined with
filter paper and kept under the experimental conditions pre-
viously mentioned. Observations were made daily, up to
15 days after treatment, under a stereoscopic microscope
(Zeiss). Abnormalities, mortality and longevity rates of the
groups were recorded for later analysis.

Residual effect of neem oil extract in
stages subsequent to treatments

The emergency rate, abnormalities and adult mortality for each
treatment were evaluated in the three experimental groups dur-
ing 15 days after treatment. Females that emerged from treated
young pupae were separated into pairs and placed with two
normal males in polyethylene boxes, lined with filter paper
(posture chamber) and containing cotton soaked in sucrose
solution, remaining incubated under experimental conditions
for 48 hours. The experiment was repeated three times and the
number of eggs deposited on the filter paper was quantified
and compared to the number of the controls. The number of
embryos that did not develop among the deposited eggs was
also verified in relation to controls.

Data analysis

Experimental data from groups PP (pre-pupae), YP (young
pupae) and OP (old pupae) were compared by analysis of vari-
ance (ANOVA). Results indicating differences between the val-
ues were analyzed by Tukey’s multiple comparison test. In all
cases, values of p < 0.05 were considered significant. The most
frequent morphologic alterations found were documented pho-
tographically with a digital camera (Canon 7.0 MG) coupled
to the stereoscopic microscope (Zeiss).
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RESULTS AND DISCUSSION

Effect of neem oil extract
on pupal development

The treatment of pre-pupae and pupae of D. saccharalis of at dif-
ferent ages with neem oil extract caused differentiated and concen-
tration-dependent mortality (Table 1). Similar results were found
in pre-pupae of R. ferrugineus (Coleoptera: Curculionidae) and
pupae of Corcyra cephalonica (Staint) (Lepidoptera: Pyralidae),
in which mortality was higher, with increasing doses of topically
applied extract (EL-BOKL etal. 2010; PATHAK; TTWARI, 2010).

According to Table 1, at the concentrations of 0.3 and
0.5%, the PP group was more susceptible to the product and
was statistically different from other groups (F = 19.44, df = 8,
p<0.01and F=39.92,df =8, p < 0.01, respectively). All groups
differed statistically at the concentration of 1.0% (F = 61.11,
df = 8, p < 0.0001), and the PP group did not differ statisti-
cally from the YP group at the 2.0% concentration, but both
groups differed from the OP group (F = 20.34, df = 8, p < 0.01).

TORRES et al. (2001) analyzed the effect of various
aqueous plant extracts on the development of Plutella xylo-
stella ( Plutellidae), in which A. indica caused 100% mortal-
ity in caterpillars, not reaching the pupae stage. On the other
hand, the topical application of neem oil extract and azadi-
rachtin did not affect the survival of pupae of the predator
Cycloneda sanginea (L.) (Coleoptera: Coccinellidae) (SILVA;
MARTINEZ, 2004; COSME et al., 2007).

In this study, we observed that younger stages are more
susceptible to neem treatment, as all treatments caused 100%
mortality in the pre-pupae stage (Table 1). LADD etal. (1984)
obtained similar results when azadirachtin was topically applied
on pre-pupae and pupae of Popillia japonica (Coleoptera:
Scarabacidae) at different ages, in which the extract was effec-
tive in pre-pupae and one-day-old pupae, but had no effect
on three-day-old ones.

Inhibition of ecdysis and consequent death of the pre-pupae
can be attributed to the reduction of ecdysteroids peak or an
interference in the release of the ecdysis hormone (SIEBER;
REMBOLD, 1983). This may occur because azadirachtin has
a structural formula similar to that of ecdysone, which can
compete with this hormone and block its effect (NAKANISHI,
1975). Several studies described the anti-ecdysteroid action
of azadirachtin, especially in the immature stages (SIEBER;
REMBOLD, 1983; COUDRIET etal., 1985; ANDRADE-
COELHO et al., 2006; NATHAN et al., 2007).

In the present study, mortality was related to deformities
of pre-pupae and pupae treated with neem (Table 1), in which
morphologic alterations may be the cause of molt inhibition
and death. All experimental groups differed at the concen-
tration of 0.3% (F = 496.0, df = 8, p < 0.0001), and the PP
group was the most affected by the neem oil extract at 0.5%,
being different from the YP and OP groups (F = 58.49, df = 8,
p < 0.0001). In higher concentrations, the OP group was less
affected by the treatment, differing from the other groups at
the concentrations of 1.0% (F = 16.0, df = 8, p < 0.01) and
2.0% (F = 430.6, df = 8, p < 0.0001).

The most frequent abnormalities in pre-pupae, young
pupae and old pupae are shown in Figure 1. After a few
hours of treatment, it can be observed in the pre-pupae that
the wings were free from the body and with changes in col-
oration, becoming darker. The abdomen remained lighter in
color, typical of recent pre-pupae (Fig. 1A), indicating they
did not continue the pupation process. There are several stud-
ies in the literature reporting the reduction of pupation after
treatment with neem extracts in caterpillars, preventing the
emergence of adults (KHAN etal., 2007; PATHAK; TIWARI,
2010; WAKIL et al., 2012).

In the young pupae, the most frequent abnormalities
were abdominal deformations with the appearance of regions
in which the cuticle remained thinner and with small black
spots near the wing. In old pupae, increased melanization was

Table 1. Mean * standard error of the mortality rate and morphological alterations in pupae of different ages of D. saccharalis

treated with neem oil extract in experimental conditions.

Treatment (%) Ppae age
PP YP oP
MR 100.0 * 0.0° 280% 147" 170+ 9.8
03 MA 100.0 + 0.0° 16.7 £ 4.2 0.0+ 0.0°
MR 100.0 * 0.0° 61.3%5.7" 44.7 £ 53
0 MA 100.0 + 0.0° 473 +5.1° 39.0+55°
o MR 100.0 £ 0.0° 72.67 £5.7° 283%57°
MA 100.0 * 0.0° 100.0 * 0.0° 66.7 + 8.3
20 MR 100.0 £ 0.0° 83.7 £ 9.52 447 £5.3b
MA 100.0 * 0.0° 100.0 £ 0.0° 447 £ 2.7

MR: mortality rate; MA: morphological alterations; PP: pre-pupae; YP: young pupae; OP: old pupae; Means of each line followed by the same letter

are not statistically different by the Tukey’s test (p > 0.05).
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observed throughout the cuticle (Figs. 1B, 1C, 1D, 1E and 1F).
Some reports in the literature also demonstrate abnormalities
in pre-pupae and pupae, resulting from treatment with aza-
dirachtin or neem oil, as in Spodoptera littoralis (Lepidoptera:
Noctuidae) (MARTINEZ; EMDEN, 2001) and R. ferrugin-
eus (BREAM et al., 2001).

These changes have also been reported in experiments
performed on Bombyx mori larvae, suggesting some interfer-
ence with ecdysteroid and juvenile hormone levels (KOUL
et al., 1987; HORI et al., 1984). Another possible cause of
the alterations in vital physiological events may be due to the
water loss of the pupae. BREAM et al. (2001) found that des-
iccation increased proportionally to the neem extract dosage
and to pupal mortality.

Because there was 100% mortality in the PP group, it
was not possible to calculate the longevity at this stage, unlike
the YP and OP groups, in which the means of longevity did
not differ in relation to the control (F = 0.47, df = 14 and
p>0.05 in group YP; F = 1.95, df = 14 and p > 0.05 in group
OP; Table 2). These results correspond to some studies that

did not find any change in the duration of the pupae devel-
opment period after larvae were treated with neem oil extracts
(HERNANDEZ; VENDRAMIN, 1996; VENDRAMIN;
SCAMPINI, 1997; TORRES et al., 2001).

Residual effect of neem oil extract

in stages subsequent to treatments

The adult emergence rate is shown in Table 2. In the YP
group, the rate decreased with increasing concentrations,
with high statistical differences when comparing concentra-
tions (F = 35.53, df = 14, p < 0.0001). In the OP group, the
statistical difference of the adult emergency rate was lower
(F =9.63, df = 14, p < 0.01; Table 2). Topical treatment of
neem extract in R. ferrugineus pre-pupae resulted in reduced
adult emergence rate, which exhibited various morphological
abnormalities such as reduced body length (EL-BOKL et al.,
2010). Topical treatment in Bactrocera cucurbitae (Coquilletr)
(Diptera: Tephritidae) and Epbestia cautella (Lepidoptera:
Pyralidae) caterpillars also caused reduced adult emergence

Figure 1. Morphological alterations caused by the neem oil extract (1.0 e 2.0%) in pre-pupae after 24 hours of treatment (A);
young pupae after 10 days of treatment (B-E); old pupae after 15 days of treatment (F); adults emerged from young pupae (G-H)

and old pupae (I-J).
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rate (KHAN et al., 2007; SHEHU et al., 2010). Artificial diets
containing different concentrations of the aqueous extract of
A. indica also decreased the survival of D. saccharalis caterpil-
lars MAZZONETTO et al., 2013).

The percentage of abnormalities in adults is also described
in Table 2. In the YP group, the abnormality rate was zero
for both the 0.3% concentration and the controls, and at
concentrations of 0.5 to 2.0%, the rate was less than or
equal to 50%, in relation to the emergency rate (F = 14.83,
df = 14, p < 0.01). In the OP group, the abnormality rate in
adults was rather variable, not being concentration-depen-
dent (F = 133.30, df = 14, p < 0.0001), which may be a
result of morphogenetic alterations due to interferences in
hormonal events (Figs. 1G and 1H) (ALINIAZEE et al.,
1997; GHONEIM et al., 2000).

SALLES; RECH (1999) observed that adults of Anastrepha
fraterculus (Diptera: Tephritidae) resulting from treatment
with neem had abnormal wings, which did not fully expand,
characteristics also being described by LADD et al. (1984)
and MARTINEZ; EMDEN (2001). Some adults of E. cau-
tella also emerged deformed after treatment of the larvae with
Calneem® oil (SHEHU et al., 2010).

In the treatment of young pupae with higher concen-
trations of neem, some adults were unable to completely get
rid of the exuvia, with some regions of the body remaining
with parts of the old cuticle (pupa), such as wings, legs or
abdomen (Figs. 11 and 1J). The occurrence of this fact, origi-
nating an intermediate pupa-adult, is a rare event. BREAM
et al. (2001) reported no pupae-adult intermediates after

neem treatment in R. ferrugineus pre-pupae, although they
found this abnormality after the treatment of Culex pipiens
larvae with Echinochloa stagninum (Poaceae) petroleum ether
extract (BREAM etal., 2010). Intermediate larva-pupae were
observed when the treatment with azadirachtin was applied
in the last instar of the larva of Spodoprera litura, Spodoptera
mauritia, Ephestia kuehniella, Manduca sexta and Spodoptera
littoralis (GUJAR; MEHROTRA, 1983; JAGANNADH;
NAIR, 1992; MARTINEZ; EMDEN, 2001).

The mortality rate in adults was increased with higher con-
centrations of neem (F = 10.24, df = 14, p < 0.01, Table 2).
In the experimental groups YP and OP, adult mortality was
related to the appearance of abnormalities, except at the con-
centration of 1.0% (Table 2). This fact can be explained due
to the changes caused, being harmful to vital activities of the
insect, such as locomotion, flight and, consequently, feeding
(MARTINEZ; EMDEN, 2001).

The fecundity and viability of the eggs were ana-
lyzed by the oviposition of emerged females of the YP
group that did not present abnormalities. The standard
mean of the number of deposited eggs after the ovipo-
sition period, the number of undeveloped eggs and the
percentage of undeveloped eggs were different in all treat-
ments (F = 2429, df = 14, p < 0.0001; F = 152.9 df = 14,
p < 0.0001; F = 1247, df = 14, p < 0.0001; Table 3).
These results were similar to those of DAD et al. (2011),
who observed reduced fecundity, limitation in the number
of deposited eggs and totally inhibited eclosion after the
treatment with neem in Musca domestica larvae.

Table 2. Mean * standard error of longevity, emergency rate, morphological abnormalities and mortality of adults emerged of
young pupae and old pupae of D. saccharalis treated with neem oil extract in experimental conditions.

(%) Age 0.0 0.3
YP 9.0+00° 9.2+ 0.2
Lo
opP 57 +0.4° 58+ 1.1
N YP 100.0 £ 0.0° 723560
opP 100.0 £ 0.0° 83.7 +9.5°
A YP 0.0 £ 0.0° 0.0 £ 0.0°
op 0.0 £ 0.0° 417+83°
"o YP 0.0 £ 0.0° 0.0 * 0.0°
opP 0.0 £ 0.0° 22.3 % 5.3%

Treatments (%)

0.5 1.0 2.0
8.7 £0.4° 9.0 £0.3° 10.0 £ 0.6°
49 £ 1.0° 6.0+ 1.2° 6.8 £ 0.9"
39.3 +53" 283 5.7 17.0+9.8°
55.7 £+ 5.7° 72.7 £5.7%® 55.7 £ 5.7°
44.7 £ 5.3° 50.0 £ 14.4° 50.0 £ 0.0°
19.7 £ 2.7¢ 83214 36.2%1.1°
144 +1.9° 0.0 £ 0.0° 33.3+8.3°
33.3+8.3" 33.3+8.3" 55.7 £ 5.7°

LO: longevity; EM: emergency rate; MA: morphological abnormalities; MO: mortality of adults; YP: young pupae; OP: old pupae; Means of each line
followed by the same letter are not statistically different by the Tukey’s test (p > 0.05).

Table 3. Mean * standard error of number of deposited eggs, number of undeveloped eggs and percentage of undeveloped eggs obtained
from the oviposition of adult females emerged from young pupae of D. saccharalis treated with neem oil extract in experimental conditions.

Treatments Number of deposited eggs
0.0% 3760.0 = 40.4°
0.3% 1932.00 + 19.1°
0.5% 1670.00 = 28.0°
1.0% 546.30 + 33.5¢
2.0% 248.70 £ 8.2¢

Number of undeveloped eggs % of undeveloped eggs
358.70 = 7.5° 9.54 £ 0.3
368.30 + 3.7° 19.07 £ 0.4°
470.70 = 8.4° 28.18 £ 0.2¢
250.00 * 8.6¢ 4590 £ 1.2¢
248.70 £ 8.2¢ 9595 * 1.7¢°

Means of each line followed by the same letter are not statistically different by the Tukey’s test (p > 0.05).
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Studies with azadirachtin or neem oil on Lepidoptera also
demonstrated changes in fertility and fecundity of S. litoralis
(PINEDA et al., 2009), anti-oviposition and ovicidal effects
against . cautella (SHEHU et al., 2010), ovicide with changes in
the embryonic development against D. saccharalis (SILVA et al.,
2013) and extended embryonic period in D. saccharalis
(OLIVEIRA et al., 2013).

In this work, the fecundity of females from the YP
group and the viability of deposited eggs decreased with
higher doses of the neem extract, probably because azadi-
rachtin inhibits oogenesis and the production of ecdyster-
oids (REMBOLD; SIEBER, 1981) synthesized by follicular
cells during ovarian development and later incorporated
into the eggs (GLASS et al., 1978). The inhibitory action
of neem in vitellogenesis (DENARDI et al., 2011) and in
the follicular cells by degeneration, hyperplasia and necrosis
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