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ABSTRACT. The objective of this study was to evaluate the impact of oil extract of neem, Azadirachta
indica, on the watermelon aphid Aphis gossypii and its natural enemy Cycloneda sanguinea. Toxicity bioassays
were conducted with the commercial product DalNeem (1,475 g L azadirachtin) at 0.0037 ug a.i. mL™,
0.0074 pg a.i. mL" and 0.0148 ug a.i. mL™", Malathion at 1 ug a.i. mL" and distilled water as a control
treatment. The products were sprayed to watermelon leaf discs, and the insects were exposed to the
product residues. The instantaneous population growth rate of A. gossypii and the survival of C. sanguinea
larvae exposed to the different treatments were calculated. A decrease in the instantaneous population
growth rate of A. gossypii with increasing concentrations of neem was observed, and the aphids did not
reproduce on the leaf discs treated with malathion during the first 24 hours of exposure due to its rapid
lethal effect on adult insects. The larvae of the predator C. sanguinea exposed to malathion survived only for
24 hours. The survival of the predator exposed to different concentrations of neem was also significantly
reduced compared to the predators exposed only to water. However, laboratory experiments may
overestimate the effect of neem on predators because the individuals cannot employ escape behavior caused
by neem repellency.
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Efeito letal e subletal do nim em Aphis gossypii e Cycloneda sanguinea na cultura da
melancia

RESUMO. O objetivo deste estudo foi avaliar o impacto de extrato oleoso de nim, Azadirachta indica, no
afideo Aphis gossipii ¢ em seu inimigo natural Cycloneda sanguinea, na melancia. Ensaios de toxicidade foram
conduzidos com o produto comercial (DalNeem®) (1.475 g L' de azadirachtina) 0,0037 ug i.a. mL™,
0,0074 ug i.a. mL! and 0,0148 ug i.a. mL™!, Malathion 1 ug i.a. mL", e 4gua destilada como tratamento
controle. Os produtos foram aplicados em discos de folhas de melancia e os insetos foram expostos ao
residuo dos produtos. Foram calculados padrio de crescimento instantineo da populagio de A. gossypii ¢
sobrevivéncia das larvas de C. sanguinea expostos aos diferentes tratamentos. Houve uma diminuigio no
padrio de crescimento instantineo da populacio de A. gossypii com aumento da concentra¢io de nim.
Afideos nio se reproduziram nos discos de folhas tratadas com malathion, devido ao ripido efeito letal em
adultos, menor que 24 horas apds a exposicio. Larvas de C. sanguinea expostas ao malathion sobreviveram
por 24 horas. Sobrevivéncia do predador exposto a diferentes concentragdes de nim também foi
significativamente reduzida quando comparada a exposi¢io i dgua. Entretanto, experimentos de laboratério
podem ter superestimado o efeito do nim em predadores porque eles nio mostraram comportamento de
escape causado pela repeléncia do nim.

Palavras-chave: Citrullus lanatus, Azadirachta indica, Coccinellidae, Aphididae.

Introduction

Watermelon is a crop adapted to difterent growth
and climate conditions in Brazil, including soil type,
high temperatures, photo-oxidation, and water
availability wvia irrigation. However, watermelon
production is limited by the occurrence of disease and
by the attack of insect pests that damage watermelon
crops, leading to economic losses, such as the aphid

Aphis gossypii Glover, 1877 (Hemiptera: Aphididae)
(BALDIN et al., 2009; PINTO et al., 2008). This
insect causes direct damage by sucking the sap, which
causes deformities of the leaves, twigs, branches and
reduces the photosynthetic capacity of the attacked
plants, as well as facilitating transmission of viruses of
the Potyvirus genus (PINTO et al., 2008).

In the watermelon-production regions of Brazil,
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the control of A. gossypii has been performed
exclusively by the application of synthetic insecticides,
the majority with a broad spectrum of action
(MOREIRA et al., 2000). However, the constant use of
these products may result in a series of problems, such
as pest resistance to the insecticides, outbreaks of
secondary pests, resurgence of pests, toxicity to the
applicators and environmental and food contamination
(CZEPACK et al, 2005). Additionally, non-target
organisms may be negatively aftected by the overuse of
synthetic insecticides (AKTAR et al., 2009).

One of the main groups of natural enemies of
pests associated with watermelon, particularly
aphids, are insects of the family Coccinellidae
(Coleoptera) (BREDA et al., 2011; SOUZA et al.,
2012). Approximately 90% of the insects belonging
to this group are considered beneficial because of
their predatory activity, mainly on aphids
(OLIVEIRA et al., 2006). Among these coccinellids,
Cycloneda sanguinea (Linnacus, 1763) (Coleoptera:
Coccinellidae) is one of the most important species
in Brazil, being found in many crops, preying on
several species of aphids, including A. gossypii
(BARROS et al., 2006; BOICA JUNIOR et al,
2004; COSME et al., 2007; ISIKBER, 2005; LEITE,
et al., 2008; SCHUBER et al., 2012). Each larva of
C. sanguinea may consume over 200 aphids/day
(ISIKBER; COPLAND, 2001), and an adult may
consume an average of 40 aphids/day (ISIKBER,
2005).

Due to environmental problems and the lack of
successful pest control because of the exclusive use
of synthetic insecticides, more efficient alternatives
have been demanded by growers and consumers,
and the use of botanical insecticides for pest control
has therefore been studied within this context
(AHMAD et al., 2003; BOICA JUNIOR et al,
2007; BREDA et al, 2011; ISMAN, 2006;
MORDUE, 2004; ROEL et al., 2010; SILVA;
MARTINEZ, 2004; SINGH et al., 2008; VENZON
et al, 2007). Among such botanicals, neem,
Azadirachta indica Juss., a plant of the family
Meliaceae, has been used for more than two
thousand years to control insects in some Asian
countries, particularly in India, and the insecticidal
activity of neem has been described for more than
400 species of insects (ALMEIDA et al., 2010). The
main insecticide compound of most neem-based
products is azadirachtin, a limonoid compound that
affects insects by negatively interfering in their
growth  regulation, feeding activities, and
reproduction (ANDRADE et al.,, 2012; JANINI,
et al., 2011; MORDUJE et al., 2010; PAVELA et al.,
2004).

Souza et al.

With the objective of assessing the feasibility of
using neem to control one of the main pests of
watermelon, the aphid A. gossypii, we evaluated the
lethal and sublethal toxicity of oil extract of neem,
Azadirachta indica Juss., on this pest and on one of the
natural enemies frequently found in association with
this aphid, the predator C. sanguinea.

Material and methods

Rearing of A. gossypii and C. sanguinea

Females of A. gossypii and adults of C. sanguinea
were obtained from watermelon crops located in
Gurupi, Tocantins, Brazil (11° 4547 'S,
49°02'57"W). The aphids were reared on
watermelon plants grown in plastic pots (3 L), kept
inside wooden-frame cages (80 cm in length x 100
cm in height x 50 cm deep) covered with organza
fabric. These cages were kept inside a greenhouse.
To obtain the plants, seedlings of watermelon
Crimson Sweet were grown in 200 mL plastic cups
and transplanted one week after emergence to pots
(3 L) containing a mixture of soil, sand and
vermiculite substrate (1:2:1).

Adults of the predator C. sanguinea were reared in
plastic pots (10 cm in diameter and a capacity of 500
mL) closed at the upper end with organza fabric
attached using a gum-elastic. The predators were fed
A. gossypii daily, and their eggs were removed using a
moistened brush. The eggs were transferred to 200
mL plastic pots, sealed at the upper end with
organza. At hatching, the larvaec were individually
transferred to other plastic pots (200 mL) and
maintained until they reached the pupal stage. The
teeding of the larvae was the same as for the adults.
After emergence, the adults were distributed to new
plastic pots of 500 mL for continued rearing. The
pots with predators were maintained in a climate
chamber regulated at 27 = 2°C, 70 = 10% RH and a
photoperiod of 12:12 (L:D)

Bioassays

Experiments were performed according to the
methodology adapted from Venzon et al. (2007) to
evaluate the effect of neem on A. gossypii and its
natural enemy, C. sanguinea. Toxicity bioassays were
performed using different concentrations of a neem-
based product, DalNeem (1,475 g L' of
azadirachtin), and comparing with the insecticide
Malathion 500 EC (500 g L' malathion) at the
concentration recommended for watermelon aphid
control (AGROFIT, 2010) and with distilled water.
The respective formulations were tested on A
gossypii adults and on second-instar larvae of C.
sanguinea obtained from the laboratory rearings.
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The experimental design for both experiments
was completely randomized, with nine replicates for
A. gossypii and five for C. sanguinea. Watermelon
leaves, obtained from plants grown free of pest
infestation in a greenhouse, were dipped in the
insecticide test solutions (products diluted in water)
or water (control) for five seconds. For DalNeem,
three concentrations were tested, 0.0037 g a.i. mL™,
0.0074 pg ai. mL' and 0.0148 pg ai. mL'; a
concentration of 1 ug ai. mL' was tested for
Malathion 500 EC (VENZON et al., 2007).

The leaves were left to dry for two hours. After
this period, the petiole of each leaf was inserted into
a hole in the lid of a glass tube containing 300 mL of
water to maintain the turgor of the leaf until the end
of the experiment. The hole was then sealed with
moistened cotton. Each tube with a leaf was then
placed inside a plastic pot (diameter 10 cm, 7 cm
high) that was sealed with another plastic container
of the same size, which was placed in an inverted
position on the first container so that the edges of
the two containers were held together. The base was
removed from the bottom of the pot placed upside
down, which was subsequently sealed with organza
that was attached using a gum-elastic.

In the bioassay with A. gossypii, five adult females
were transferred to each leaf. For the bioassay with
C. sanguinea, one second-instar larva was released
into each pot. Therefore, the experimental unit was
represented by a pot containing one watermelon leaf
with five A. gossypii adults or one C. sanguinea larva.
The predator was fed ad libitum with a honey-sugar
solution (10%) and adults of A. gossypii, which were
added to the pot after the treatment applications.

For A. gossypii, the mortality of the adults, total
number of nymphs produced by the females, and
mortality of nymphs at 24 and 96h after treatment
application were evaluated. In the experiment with
C. sanguinea, cach larva was followed from the
second instar until its death or 240 hours. The
evaluations were made at 8, 24, 48, 72, 96, 144, 192
and 240 hours after transfer of the larvae to the pots.
Because 100% of the larva were alive after 240 hours
in the control treatment, we did not correct the data
for mortality (TAKAKURA, 2012).

Data analysis

To evaluate the product effects on the survival
and reproduction of A. gossypii, for each neem
concentration, the A. gossypii population growth rate
was determined as the instantaneous rate of increase
(r;) using the equation of Stark and Banks (1997):
r;=In (N/ N,/ t,
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where:

N, is the initial number of individuals in the
population and Nt is the number of individuals in
the population at the end of time interval, ¢ (four
days). The duration (f) of each experiment was six
days. Positive values of r indicate a growing
population, r, = 0 indicates a stable population; a
negative r; value indicates population decline,
heading toward extinction (STARK; BANKS, 1997).

The survival data of C. sanguinea over time were
analyzed using the PROC Lifetest from SAS
Institute (2001). Survival curves for each treatment
were compared using the Wilcoxon test of
homogeneity at 5% probability (SAS INSTITUTE,
2001). PROC Lifetest uses a method called life table
or actuarial estimates in which the entire observation
period is divided into a series of time intervals,
whereby the basic hypothesis is that censoring is
distributed uniformly in each interval (TINAZZI
et al., 2008).

Results and discussion

The instantaneous rate of population growth of
A. gossypii decreased with increasing concentrations
of neem and reached negative values at a
concentration of 0.0148 pg a.i. mL" (Figure 1). It
was not possible to calculate this rate for the aphids

exposed to malathion because all the individuals
died within 24 hours.
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Figure 1. Instantancous population growth rate (r;) of A. gossypii
after four days of exposure to watermelon leaves treated with
different concentrations of oil of neem.

For the predator C. sanguinea, significant
differences in the survival curves of the larvae when
they were exposed to different concentrations of
neem, malathion, and water (control) were observed
(Figure 2).

The survival of the larvae exposed to malathion
was significantly reduced (24 hours max) compared
to the larvae exposed to neem. At the highest
concentration of neem tested (0.0148 ug i.a. mL™"),
the survival of the larvae differed from the other
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treatments, with the larvae living a maximum of 120
hours. Additionally, at the lower concentrations of
the neem-based product (0.003688 and 0.007375 ug
ia. mL"), there was significant reduction in larval
survival, which became more pronounced from 168
hours of exposure. At the highest concentration
(0.0148 pg i.a. mL™), all the predatory larvae were
dead at 120 hours of exposure.
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Figure 2. Probability of survival of C. sanguinea exposed to
watermelon leaves with A. gossypii and treated with different
concentrations (in ug i.a. mL™") of oil of neem, malathion and
water (control) as a function of time. The lines followed by the
same letter indicate no significant difference among them by the
Wilcoxon test (p = 0.01).

All the of neem and the
insecticide malathion were toxic to the adults and
nymphs of A. gossypii and to the predatory larvae of
C. sanguinea. However, the toxicity level varied with
the product and concentration. The neem-based
product exerted its toxic effect slowly, in contrast to
malathion, which exhibited a rapid killing effect on
both species.

A reduction in the instantaneous growth rate of
A. gossypii as a function of increasing concentrations
of neem was observed. The instantaneous growth
rate of A. gossypii was negative at the highest
concentration of neem tested, indicating that the
populations of this pest exposed to neem displayed
an extinction tendency. Pinto et al. (2013), found
that one application of neem and thiametoxan
achieved similar control of cotton aphids at 72h after
treatment followed by cotton seed oil. Santos et al.
(2004) found that neem seed powder extracts
negatively influenced the reproduction of A. gossypii
and caused the mortality of nymphs. Studies by
Venzon et al. (2007), which evaluated the effect of
neem on the aphid Myzus persicae (Sulzer, 1776)

concentrations

Souza et al.

(Hemiptera: Aphididae) and on its predator Eriopis
connexa (Germar, 1824) (Coleoptera: Coccinellidae),
also found a negative correlation between the neem
concentration and population growth rate of aphids.
The authors also reported lethal and sublethal
effects of neem on the predator.

Esparza-Diaz et al. (2010), found that the effect
on mortality depends on the dose and type of A.
indica extract; for A. gossypii, an oily extract of A.
indica produced a lower mortality than a methanolic
extract. The mortality caused by the methanolic and
aqueous extracts also increased with the dose,
though this did not occur for the hexanic and oily
extracts, the effects of which decreased at the highest
doses.

Malathion is a fast-acting insecticide that acts as
an inhibitor of the enzyme acetyl cholinesterase,
resulting in the accumulation of acetylcholine in the
synaptic cleft and killing by the hyperexcitability of
the central nervous system of the insect due to the
continuous and uncontrolled transmission of nerve
impulses (MAHAT et al,, 2012). In contrast to
malathion, neem action in insects is slow. Neem can
stop the molting process, causing death of the insect
during both the nymphal and larval stages or during
the pupal period, because neem acts as a growth
regulator, directly interfering with the balance of
ecdysone and juvenile hormone during the synthesis
of chitin and interfering during ecdysis and pupation
(SINGH et al., 2008). Thus, an evaluation of acute
toxicity only would not show the full insecticidal
potential of neem. For this reason, we estimated the
instantaneous rate of population increase (ri) of A.
gossypii after exposure to neem residues; thus, we
considered both the effects of neem on the survival
and reproduction of the aphid after the period of
time required for neem action. A negative value of
the instantaneous rate of population increase (ri),
indicating that the population is in decline, was
obtained only at the maximum neem concentration
tested.

Although the aphid population could be
controlled using the highest neem concentration
tested (0.0148 ug ia. mL"), we also found that
predator survival was reduced at this concentration
compared to the lower concentrations tested. In
addition, neem was toxic to C. sanguinea at the lower
tested concentrations when compared to the control
treatment. Similar results have been reported for
other coccinellids (VENZON et al., 2007).

Breda et al. (2011), found that, despite the
potential for use in the management of A. gossypii,
the aqueous extract of neem showed significant
toxicity to larval instars 1 and 4 of C. sanguinea, at
the concentrations lethal and sublethal to the
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aphid. Thus, care should be taken when using
neem to control aphids, and it is important to
monitor the pest by sampling to verify the actual
need of application and the presence of predators.
Moreover, it is important to note that the
magnitude of the negative impact of neem on the
predator in this study may be overestimated under
the conditions of the experiment. The C.
sanguinea larvae were continuously exposed to
residues of the product because they were trapped
in arenas that restricted their mobility. Thus, it
becomes necessary to perform experiments using
different exposure methods to simulate field
conditions under which the predator has greater
mobility and ability to escape to safe refuges free
of insecticide.Cordeiro et al. (2010), found that a
neem-based  product (Neempro) caused
irritability and repellency to larvae of the predator
Chrysoperla externa. Indeed, this behavior may
mitigate the negative effect of neem on predator
populations under field conditions.

The watermelon crop has grown in economic
importance in Brazil, and this has generated an
increasing demand for areas of crops, thus increasing
monoculture areas in some regions. The use of
neem may be a favorable alternative to reduce the
negative impacts of the exclusive use of chemical
control, thereby avoiding such adverse problems as
the appearance of insect resistance to the insecticide
and the outbreak and resurgence of pests (NAUEN;
ELBERT, 2003). The development of pest resistance
using neem is minimized due to the different modes
of action and the presence of azadirachtin and other
active compounds in the formulated products
(ASCHER, 1993).

It is important to note that the occurrence of the
predator C. sanguinea is mainly in areas with large aphid
infestations. Thus, the maintenance of small
populations of aphids through the application of neem-
based products early during infestations would prevent
the attraction of the coccinellids that focus on aphids,
which should help to minimize the effects of neem on
these predators because they possibly avoid contact
with these insecticides (AHMAD et al, 2003).
Therefore, despite the advantages presented by the use
of neem insecticides, field trials are still needed to
assess the ultimate impact on the populations of natural
enemies in watermelon crops.

Conclusion

All concentrations of neem and the insecticide
malathion were toxic to the adults and nymphs of A.
gossypii and to the predatory larvae of C. sanguinea.

237

Acknowledgements

We thank Dra. Regina Celia Zonta de Carvalho
for the identification of the aphid species.
Coordenacio de Aperfeicoamento de Pessoal de
Nivel Superior — Brazil (CAPES-PROCAD-NEF-
187-2010) is thanked for financial support. RA
Sarmento and GR dos Santos thank CNPq-Brazil
for financial support (project 620028/2008-4). GR
dos Santos, M Venzon and RA Sarmento received a
scholarship CNPq - Brazil. CR de Souza was
supported by CAPES, Brasilia, Brazil.

References

AHMAD, M.; OBIEWATSCH, H. R.; BASEDOW, T.
Effects of neem-treated aphids as food/hosts on their
predators and parasitoids. Journal of Applied
Entomology, v. 127, n. 8, p. 458-464, 2003.

AKTAR, M. W.; SENGUPTA, D.; CHOWDHURY, A.
Impact of pesticides use in agriculture: their benefits and
hazards. Interdisciplinary Toxicology, v. 2, n. 1,
p. 1-12, 2009.

ALMEIDA, G. D.; ZANUNCIO, ]J. C.; PRATISSOLI,
D.; ANDRADE, G. S.; CECON, P. R;; SERRAQ, ]J. E.
Effect of azadirachtin on the control of Anticarsia gemmatalis
and  its  impact on  Trichogramma  pretiosum.
Phytoparasitica, v. 38, n. 5, p. 413-419, 2010.
ANDRADE, L. H.; OLIVEIRA, J. V.;; BREDA, M. O,
MARQUIES, E. J.; LIMA, I. M. M. Efeitos de inseticidas
botinicos sobre a taxa instantinea de crescimento
populacional de Aphis  gossypii  Glover (Hemiptera:
Aphididae) em algodio. Acta Scientiarum. Agronomy,
v.34,n.2, p. 119-124, 2012.

ASCHER, K. R. S. Nonconventional insecticidal effects of
pesticides available from the neem tree, Azadirachta indica.
Archives of Insect Biochemistry and Physiology,
v. 22, n. 3-4, p. 433-449, 1993.

AGROFIT. = Sistema de Agrotdxicos Fitossanitirios.
Consulta de Praga/Doengca. Available from: <http:/www.
extranet.agricultura.gov.br/agrofit_cons/principal_agrofit_con
s>. Access on: May 30, 2010.

BALDIN, E.; MARCHI, L. S.; SCHLICK, E. C.

Resistance of squash cultivars to  Aphis  gossypii.
Horticultura Brasileira, v. 27, n. 3, p. 366-370, 20009.

BARBOSA, S.; FRANCA, F. H. Pragas das cucurbiticeas
e seu controle. Informativo Agropecuario, v. 8, n. 85,
p. 54-56, 1982.

BARROS, R.; DEGRANDE, P. E.; RIBEIRO, ]J. F,;
RODRIGUES, A. L. L; NOGUEIRA, R. F;
FERNANDES, M. G. Flutuagio populacional de insetos
predadores associados a pragas do algodoeiro. Arquivos
do Instituto Biolégico, v. 73, n. 1, p. 57-64, 2006.
BOICA JUNIOR, A. L.; SANTOS, T. M.
KURANISHI, A. K. Desenvolvimento larval e capacidade
predatéria de Cycloneda sanguinea (L.) e Hippodamia
convergens Guerin-Men. alimentadas com Aphis gossypii
Glover sobre cultivares de algodoeiro. Acta Scientiarum.
Agronomy, v. 26, 1. 2, p. 239-244, 2004.

Acta Scientiarum. Agronomy

Maringa, v. 37, n. 2, p. 233-239, Apr.-June, 2015



238

BOICA JUNIOR, A. L.; MACEDO, M. A. A;; TORRES,
A. L; ANGELINI, M. R. Late pest control in determinate
tomato cultivars. Scientia agricola, v. 64, n. 6,
p- 589-594, 2007.

BREDA, M. O.; OLIVEIRA, J. V.; MARQUES, E. J.;
FERREIRA, R. G.; SANTANA, M. F. Insecticidas
botinicos aplicados sobre Aphis gossypii e seu predador
Cycloneda  sanguinea em algodio-colorido. Pesquisa
Agropecuaria Brasileira, v. 46, n. 11, p. 1424-1431,
2011.

CORDEIRO, E. M. G.; CORRFA, A. S.; VENZON, M.;
GUEDES, R. N. C. Insecticide survival and behavioral
avoidance in the lacewings Chrysoperla externa and
Ceraeochrysa  cubana. Chemosphere, v. 81, n. 10,
p. 1352-1357, 2010.

COSME, L. V;; CARVALHO, G. A;; MOURA, A. P.
Efeitos de inseticidas botinicos e sintéticos sobre ovos e
larvas de Cycloneda sanguinea (Linnaeus) (Coleoptera:
Coccinellidae) em condigdes de laboratério. Arquivo do
Instituto Bioldgico, v. 74, n. 3, p. 251-258, 2007.
CZEPACK, C.; FERNANDES, P. M.; ALBERNAZ, K.
C.; RODRIGUES, O. D.; SILVA, L. M; SILVA, E. A;
TAKATSUKA, F. S.; BORGES, J. D. Secletividade de
inseticidas ao complexo de inimigos naturais na cultura do
algodio (Gossypium hirsutum). Pesquisa Agropecuaria
Tropical, v. 35, n. 2, p. 123-127, 2005.

ESPARZA-DIAZ, G.; LOPEZ-COLLADO, J;
VILLANUEVA-JIMENEZ, J. A; OSORIO-ACOSTA,
F.; OTERO-COLINA, G.; CAMACHO-DIAZ, E.
Azadirachtin  concentration, insecticide efficacy and
phytotoxicity of four neem Azadirachta indica a. Juss.
Extracts. Agrociencia, v. 44, n. 7, p. 821-833. 2010.
ISIKBER, A. A; COPLAND, M. ]J. W. Food
consumption and utilisation by larvae of two coccinellid
predators, Scymnus levaillanti and Cycloneda sanguinea, on
cotton aphid, Aphis gossypii. BioControl, v. 46, n. 4,
p. 455-467, 2001.

ISIKBER, A. A. Functional Response of Two Coccinellid
Predators, Scymnus levaillanti and Cycloneda sanguinea, to the
Cotton Aphid, Aphis gossypii. Turkish Journal of
Agriculture and Forestry, v. 29, n. 5, p. 347-355, 2005.
ISMAN, M. B. Botanical insecticides, deterrents, and
repellents in modern agriculture and increasing regulated
world. Annual Review of Entomology, v. 51, n. 1,
p. 45-66, 2006.

JANINI, J. C; BOICA JUNIOR, A. L; JESUS, F. G,
SILVA, A. G.; CARBONELL, S. A;; CHIORATO, A. F.
Efeito de gendtipos de feijao, inseticidas e produtos naturais
no controle de Bemisia tabaci (Gennadius) biétipo B
(Hemiptera: Aleyrodidae) e Caliothrips  phaseoli (Hood)
(Thysanoptera: Thripidae). Acta Scientiarum. Agronomy,
v. 33, 1. 3, p. 445-450, 2011.

LEITE, G. L. D.; PIMENTA, M.; FERNANDES, P. L.;
VELOSO, R. V. S.; MARTINS, E. R. Fatores que afetam
artrépodes associados a cinco acessos de gingeng-brasileiro
(Pfaffia glomerata) em Montes Claros, Estado de Minas
Gerais. Acta Scientiarum. Agronomy, v. 30, n. 1,
p. 7-11, 2008.

Souza et al.

MAHAT, N. A.; JAYAPRAKASH, P. T.; ZAFARINA, Z.
Malathion extraction from larvae of Chrysomya megacephala
(Fabricius) (Diptera: Calliphoridae) for determining death
due to malathion. Tropical biomedicine, v. 29, n. 1,
p- 9-17, 2012.

MORDUIE, A. J. Present concepts of the mode of action
of azadirachtin from neem. In: KOUL, O.; WAHAB, S.

(Ed.). Neem today and the new millennium.
Dordrecht:  Kluwer Academic  Publishers, 2004,
p- 229-242.

MORDUE, A. J; MORGAN, E. D.; NISBET, A. ]J.
Azadirachtin, a natural product in insect control. In:
LAWRENCE, I. G.; SARJEET, S. G. (Ed.). Insect
control: biological and synthetic agents. London:
Academic Press/Elsevier, 2010. p. 185-197.

MOREIRA, M. A. B., HALFELD-VIEIRA, B. A
NECHET, K. L; MOURAO JUNIOR, M.
Recomendacdes técnicas para o manejo da virose na
cultura da melancia em Roraima. Brasilia: Embrapa
Informa, 2000.

NAUEN, R.; ELBERT, A. European monitoring of
resistance to insecticides in Myzus persicae and Aphis
gossypii (Hemiptera: Aphididae) with special reference to
imidacloprid. Bulletin of Entomological Research,
v. 93, n. 1, p. 47-54, 2003.

OLIVEIRA, E. E.; OLIVEIRA, C. L.; SARMENTO, R. S;
FADINI, M. A. M.; MOREIRA, L. R. Aspectos biol4gicos
do  predador  Cycloneda  sanguinea  (Coleoptera:
Coccinellidae) alimentado com Tetranychus evansi (Acari:
Tetranychidae) e Macrosiphum euphorbiae (Homoptera:
Aphididace). Bioscience Journal, v. 21, n. 2, p. 33-39,
2006.

PAVELA, R.; BARNET, M.; KOCOUREK, F. Effect of
azadirachtin applied systemically through roots of plants
on the mortality, development and fecundity of the
cabbage aphid (Brevicoryne brassicae). Phytoparasitica,
v. 32, n. 3, p. 286-294, 2004.

PINTO, Z. V.; REZENDE, J. A. M.; YUKI, V. A
PIEDADE, S. M. S. Ability of Aphis gossypii and Myzus
persicae to transmit Cucumber mosaic virus in single and
mixed infection with two Potyviruses to zucchini
squash. Summa Phytopathologica, v. 34, n. 2, p. 183-185,
2008.

PINTO,E. S;; BARROS, E. M,; TORRES, J. B.; NEVES,
R. C. S. The control and protection of cotton plants using
natural insecticides against the colonization by Aphis
gossypii Glover (Hemiptera: Aphididae). Acta
Scientiarum. Agronomy, v. 35, n. 2, p. 169-174, 2013.
ROEL, A. R; DOURADO, D. M, MATIAS, R;
PORTO, K. R. A;; BEDNASKI, A. V.; COSTA, R. B.
The effect of sub-lethal doses of Azadirachta indica
(Meliaceae) oil on the midgut of Spodoptera frugiperda
(Lepidoptera,  Noctuidae). Revista  Brasileira de
Entomologia, v. 54, n. 3, p. 505-510, 2010.

SANTOS, T. M.; COSTA, N. P.; TORRES, A. L;
BOICA JUNIOR, A. L. Effect of neem extract on the
cotton aphid. Pesquisa Agropecuaria Brasileira, v. 39,
n. 11, p. 1071-1076, 2004.

Acta Scientiarum. Agronomy

Maringa, v. 37, n. 2, p. 233-239, Apr.-June, 2015



Neem affects aphid and its predator

SAS INSTITUTE. SAS/STAT: user's guide: version
8.02: TS level 2 MO. Cary: SAS Institute, 2001.
SCHUBER, J. M.; MONTEIRO, L. B.; ALMEIDA, L.
M.; ZAWADNEAK, M. A. C. Natural enemies associated
to aphids in peach orchards in Araucdria, Parani,
Brazil. Brazilian Journal of Biology,v. 72, n. 4,
p. 847-852, 2012.

SILVA, F. A. C.; MARTINEZ, S. S. Effect of neem seed
oil aqueous solutions on survival and development of the
predator  Cyconeda  sanguinea  (L.)  (Coleoptera:
Coccinellidae). Neotropical Entomology, v. 33, n. 6,
p. 751-757, 2004.

SINGH, K. K.; PHOGAT, S.; TOMAR, A.; DHILLON,
R. S. Neem, a treatise. New Delhi: 1.K. International
Publishing House, 2008.

SOUZA, C. R; SARMENTO, R. A;; VENZON, M.;
BARROS, E. C.; SANTOS, G. R; CHAVES, C. C.
Impact of insecticides on non-target arthropods in
watermelon crop. Semina: Ciéncias Agrarias, v. 33,
n. 5, p. 1791-1804, 2012.

STARK, J. D.; BANKS, J. E. Reproductive potential: its
influence on the susceptibility of a species to pesticides.

239

Ecotoxicological Environmental Safety, v. 37, n. 3,
p. 273-279, 1997.

TAKAKURA, K. L
effectiveness of pesticides and repellents. Journal of
Economic Entomology, v. 105, n. 5, p. 1856-1862, 2012.

TINAZZI, A; SCOTT, M.; COMPAGNONI, A. A
gentle introduction to survival analysis. Tuebingen:
Numerus Ltd., 2008. (Paper ST03 PhUSE).

VENZON, M.; ROSADO, M. C.; PALLINI, Aj;
FIALHO, A.; PEREIRA, C. J. Toxicidade letal e subletal
do nim sobre o pulgio-verde ¢ seu predador Eriopis
connexa. Pesquisa Agropecudria Brasileira, v. 42, n. 5,
p. 627-631, 2007.

Bayesian estimation for the

Received on January 21, 2013.
Accepted on April 16, 2013.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Agronomy

Maringa, v. 37, n. 2, p. 233-239, Apr.-June, 2015



