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ABSTRACT

Dysmicoccus brevipes is an insect that can cause many losses in the pineapple crop. Thus, it is necessary to study al-
ternative methods to chemical control. The objective of this study was evaluate the insecticidal activity of extracts of
Azadiractha indica and Cyperus iria on D. brevipes in pineapple. Tests were carried out on: colonization of D. brevipes and
growth of pineapple plants; mortality of this insect by the application of extracts directly and by residual contact, with
five repetitions in completely randomized design. Each repetition was composed by one plant to test of colonization of
D. brevipes and growth of pineapple plants, and a Petri dish with ten female nymphs of 2~ instar to evaluate the mor-
tality of D. brevipes by application of extracts directly and by residual contact. The treatments tested were: 1) control 1
(water); 2) control 2 (insecticide Evidence” WG, imidacloprid 700 g kg'); 3 and 4) aqueous extract of A. indica at 5% and
10%, respectively; 5 and 6) aqueous extract of C. iria at 5% and 10%, respectively. The data were submitted to analysis
of variance and Scott-Knott’s test at the 5% level of significance. It was found that extracts A. indica 10% and C. iria 5%
and 10% sprayed once in pineapple plants may adversely affect D. brevipes population, not interfering with pineapple
growth. Therefore, these extracts have a potential to be used in Integrated Pest Management alone or associated with
other control methods.
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RESUMO

Dysmicoccus brevipes é um inseto que pode causar perdas na cultura do abacaxizeiro. Assim, é necessario o estudo
de medidas alternativas ao controle quimico. O objetivo neste estudo foi avaliar a atividade inseticida de extratos de
Azadiractha indica e Cyperus iria sobre D. brevipes em abacaxizeiro. Realizaram-se testes de: colonizagao de D. brevipes e
crescimento das plantas de abacaxizeiro; mortalidade deste inseto pela aplicagao direta dos extratos e por contato re-
sidual, com cinco repeti¢des em delineamento inteiramente casualizado. Cada repeticao foi composta por uma planta
para o teste de colonizagao de D. brevipes e crescimento das plantas, e uma placa de Petri com dez ninfas fémeas de
segundo instar para os testes de mortalidade de D. brevipes por aplicacao direta dos extratos e por contato residual.
Os tratamentos foram: 1) testemunha 1 (dgua); 2) testemunha 2 (inseticida Evidence” WG, imidacloprid 700 g kg'); 3) e
4) extrato aquoso de A. indica a 5% e 10%, respectivamente; 5) e 6) extrato aquoso de C. iria a 5% e 10%, respectivamente.
Os dados coletados foram submetidos a analise de variancia e teste de comparagao de médias de Scott-Knott, com nivel
de 5% de significancia. Verificou-se que os extratos A. indica a 10% e C. iria a 5% e 10% pulverizados uma tinica vez em
plantas de abacaxizeiro afetam negativamente a populagao de D. brevipes, nao interferindo no crescimento inicial das
plantas de abacaxizeiro, tendo, portanto, um potencial para serem utilizados no Manejo Integrado de Pragas, isolados
ou associados a outros métodos de controle.

Palavras-chave: cochonilha-algodao, nim, Cyperus iria, Ananas comosus
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INTRODUCTION

Pineapple (Ananas comosus L. Merril) (Bromelia-
ceae) (Versieux and Wendt, 2007) is a monocoty-
ledonous, herbaceous and perennial angiosperm
that can reach 1.5 m in height (Ferreira et al., 2011).
It is called king of colonial fruits for having crown
and great commercial acceptance. The origin
center is South America and Brazil is one of the
major centers of genetic diversity in addition to
being the world’s third largest producer (Crestani
et al., 2010; FAQ, 2017). In Amazonas State, Brazil,
pineapple has economic and social importance for
local family farming. The pineapple in this region
is known to be quite sweet due to its low acidity.

The main obstacles to its development are the dam-
ages caused by the action of the pineapple mealy-
bug, Dysmicoccus brevipes (Cockerell 1893) (He-
miptera: Pseudococcidae). This insect transmits a
disease known as pineapple mealybug wilt caused
by the virus Pineapple Mealybug Wilt-Associated
Virus (PMWaV), which is widespread in all coun-
tries where the pineapple is grown, and can sur-
vive in more than 30 host plants (Silva et al., 1968).

The warm and humid weather are most favora-
ble to the development of D. brevipes (Giacomelli,
1969; Choairy, 1992). The mealybug lives in colo-
nies and are commonly found sucking sap in the
roots and armpits of the leaves, but can also be
found on fruits, on top of leaves, crowns and seed-
lings (Sanches and Matos, 1999). During vegetative
development, plants infested by mealybug show
slow growth, and reduction of leaf number and
root length (Lim, 1972). This pest prevents normal
fruiting, causes plants weakening by sap sucking,
which can lead to plant death. In addition, mealy-
bugs can inoculate Pineapple Mealybug Wilt-Asso-
ciated Virus (PMWaV) (genus Ampelovirus; fam-
ily Closteroviridae), currently considered a virus
complex of the PMWaV-1, PMWaV-2, PMWaV-3,
PMWaV-4 and PMWaV-5 (Gunasinghe and Ger-
man, 1986; Ullman et al., 1989; Gambley et al., 2008).

Currently, chemical control is the most used for
pest control. However, some studies showed that
plant extracts cause direct mortality, acute toxic-
ity, repellency, inhibition of feeding, sterility, in-
terference with development and modification of
arthropod behavior (Menezes, 2005; Coitinho et al.,

2006; Costa et al., 2010; Silva et al., 2010), and so it
can be alternative crop protectants. Azadirachtin
is one of the most promising insecticidal com-
pounds extracted from leaves, fruits and, most
importantly, the seeds of neem plant (Azadiractha
indica A. Juss). This compound is a limonoid that
interferes negatively in growth regulation, stop-
ping the molting process, causing death of the in-
sect in the young phase, larvae or nymph, and in
the pupal stage; it acts directly on the juvenile hor-
mone balance of several insect pests such as soy-
bean caterpillar, fruit flies, cotton aphid, oriental
moth, whiteflies and leafminer (Singh et al., 2008;
Almeida et al., 2010; Bernardi et al., 2010; Mordue
et al., 2010; Janini et al., 2011; Alvarenga et al., 2012;
Andrade et al., 2012; Yildirim and Baspinar, 2012).
In the same way, “junquinho”, Cyperus iria Lin-
naeus (Cyperaceae), has been studied because it
has some secondary metabolism compounds that
interfere in physiological processes of the insects,
and are analogues of the juvenile hormone (Bede
et al., 2001). This species is a common weed in Bra-
zil (Lorenzi, 2008).

Thus, the objective of this study was to evaluate
the effects of Azadiractha indica and Cyperus iria ex-
tracts on Dysmicoccus brevipes in pineapple.

MATERIAL AND METHODS

The experiments were conducted in greenhouse
(colonization test) and phytosanitary laboratory
(mortality tests) of the Institute of Education, Ag-
riculture and Environment (IEAA), Federal Uni-
versity of Amazonas (UFAM), municipality of Hu-
maita, southern of the Amazonas State.

Capture and rearing of Dysmicoccus brevipes

Adults of D. brevipes were obtained in pineapple
crop at Humaita and kept in laboratory ambient
conditions. The mealybugs were kept in pumpkins
(Cucurbita maxima Duchesne), ‘Moranga’ type, cv.
Cabotcha, in plastic trays. To increase D. brevipes
population new pumpkins were put together with
mealybugs colonized pumpkins.
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Obtaining plant extracts

The Cyperus iria plants used in the experiments
were collected from properties located next to Ma-
deira River, and A. indica leaves were collected in
an urban property in the city of Humaita, Amazo-
nas State. To obtain the extracts aerial part and root
of C. iria and leaves of A. indica were used. C. iria
plants were collected at the beginning of flowering.
The plants were packed in plastic bags, separated,
and immediately transported to the UFAM labo-
ratory where they were washed in running water.

The C. iria and A. indica plants collected were ex-
posed to solar irradiation until completely dried
(constant weight). After drying, they were ground
by an industrial blender to obtain a very fine pow-
der, which were stored separately by species and
kept in hermetically sealed glass jars.

To obtain the aqueous extracts, 10 g of powder of
each plant species was diluted in 100 ml of dis-
tilled water to obtain 10% concentration (w/v) ex-
tract. This remained at 4 °C for 24 hours for extrac-
tion. After this period, the extracts were filtered
through filter paper and were used in the experi-
ment in this concentration (10%) and 5% obtained
by a 50% dilution.

Colonization of D. brevipes and pineapple plants
growth

This experiment was carried out under green-
house conditions. Pineapple seedlings, cv. Pérola,
were obtained from local crops: plants of approxi-
mately 30 cm, free from mealybug infestation and
Pineapple wilt virus infection were selected and
later transplanted to pots (10 L). The substrate used
was a mixture of soil, sand and organic matter (3:
2: 1). Soil chemical analysis and the necessary cor-
rections for the pineapple crop were carried out,
according to Ribeiro et al. (1999). It was used one
pineapple per pot, which composes the repetition.

The treatments tested were: 1) control 1 (water); 2)
control 2 (Insecticide Evidence 700 WG, a.i. imida-
cloprid 700g kg) at the concentration of 0,3 g L1; 3
and 4) aqueous extract of A. indica at 5% and 10%
concentrations; 5 and 6) aqueous extract of C. iria at
5% and 10% concentrations.
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The solutions (extracts, insecticide or water) were
sprayed 100 days after pineapple seedlings had
been transplanted to the pots, using 30 ml per
plant. After 48 hours, infestation was carried out
with 20 female nymphs per plant of 2nd and 34 in-
star of D. brevipes collected from the rearing with
the aid of a fine brush. After the infestation, the
plants were placed in individualized cages. It was
used five repetitions for each treatment. Each repe-
tition consisted in one pineapple plant. The plants
were completely randomized after treatments
application.

When at least one plant was weakened by the
mealybug attack with yellowed leaves and rolled
down, compared to the others without symptoms,
event that happened 50 days after the infestation,
all the plants were removed. The plants were
packed individually in plastic bags identified by
treatment and repetition and taken to the laborato-
ry to evaluate the number of mealybugs.

The plant height was measured by the distance
between the stem base and the end of the longer
length leaf. The weight of green matter of the root,
of the aerial part and leaves D (younger leaf among
adult leaves with higher metabolic activity) were
also considered.

Mortality of Dysmicoccus brevipes by application
of extracts directly on the insects

The treatments tested were the same of coloniza-
tion of D. brevipes and pineapple plants growth
tests. Five repetitions were used. Ten females
nymphs of 2nd instar into a Petri dish composed
each repetition. The Petri dishes were completely
randomized.

The plant extracts were added of spreader-stickers
in the ratio of 10 ul to 100 ml of solution.

It was applied 10 pl of the solutions previously
mentioned, directly on the back of each insect with
a micropipette and then placed in a 9 cm diameter
Petri dish. In the treatment with only water (Con-
trol 1), 10 ul of distilled water was applied and in
the insecticide treatment (Control 2) was applied
10 ul of the imidacloprid solution on the back of
each insect.



Observations were performed 24, 48 and 72 hours
after the extract application to evaluate the insect
mortality (those insects that did not respond to the
touch of the brush were considered dead).

Mortality by residual contact

The treatments tested were the same of the above
assays (colonization of D. brevipes and pineapple
plants growth tests).

In the laboratory, immediately after obtained the
extracts of C. iria and A. indica at both concentra-
tions, a spreader-sticker (mineral oil, 756 g L1) was
added in the ratio of 10 pl to 100 ml of solution
to each extract. Solutions were sprayed into Petri
dishes (9 cm diameter) containing filter paper, by
hand sprayer with 2 L capacity and working pres-
sure at 0.2 to 0.3 MPa. The spray jet was applied
until runoff. It was waited 40 min to the filter pa-
per dry naturally. Subsequently, the insects were
transferred to these Petri dishes. Mortality assess-
ment was performed at 24, 48 and 72 h (those in-
sects that did not respond to the touch of the brush
were considered dead). Each repetition was a Petri
dish with ten female nymphs of 2 instar. Five
repetitions were used. The Petri dishes were com-
pletely randomized after treatments application.

Statistical analysis
ANOVA assumptions were checked and the mealy-

bugs number data (colonization) transformed by
(x+1)o5. Data were submitted to variance analysis

tests and Scott-Knott test at 5% probability using
the statistical software SISVAR 5.6 (Ferreira, 2014).

RESULTS AND DISCUSSION

Colonization of D. brevipes and pineapple plants
development

There was no significant difference between the
treatments for the parameters plant height, green
shoot weight (GSW), and green weight of leaf
D (GWL). However, it was found significant dif-
ference in the colonization of pineapple plants by
D. brevipes (Table 1).

In the colonization assay it was found that the
number of insects present in plants treated with
A. indica 5% concentration was not different from
to the control with water. However, there was a
reduction on the insect number when A. indica at
10%, C. iria at 5% and 10% and the reference insec-
ticide were applied, without significant difference
among these treatments (Table 1). This reduction
in insect number was probably due to the inges-
tion of insect growth inhibiting substances, pos-
sibly present in the applied extracts and in the sap
of pineapple plants, which inhibit the development
of insects, affecting growth D. brevipes population.
Similarly, Verson et al. (2007) verified that the ap-
plication of neem extract reduced the growth pop-
ulation of Myzus persicae.

Sahito ef al. (2011) studying the effects of neem on
cotton mealybugs (Phenacoccus solenopsis Tinsley)
observed that neem seed oil affected the survival

Table 1 - Colonization of Dysmicoccus brevipes and growth of pineapple (cv. ‘Pérola’) (mean and standard error) submitted to
Azadirachta indica and Cyperus iria aqueous extracts at different concentrations

Plant height* GSW** GWL*** Colonization*

Treatments
(cm) (g) (number of mealybugs)

C1 80,4+2,02a 0,436 +0,018 a 0,035 +0,0016 a 32,0+10,54 b
C2 80,4+2,01a 0,464 +0,032 a 0,036 + 0,0019 a 0,0+0,00 a
A. indica 5% 83,8 +2,62a 0,492 +0,032 a 0,038 + 0,0020 a 44,4+13,05b
A. indica 10% 78,4 +£1,66 a 0,407 +0,018 a 0,032 +0,0012 a 10,2+5,75a
C. iria 5% 79,2+1,77 a 0,485+0,024 a 0,037 +0,0012 a 21,0+10,71 a
C. iria 10% 82,2+2,06 a 0,452 + 0,026 a 0,035 + 0,0027 a 16,4 +7,50 a
C.V. (%) 5,66 12,58 11,64 -

* Means followed by the same letter, did not differ by Scott-Knott test (P <0.05); ** GSW = Green shoot weight per plant; *** GWL = Green weight of leaf D; C1 = Control

1 (water); C2 = Control 2 (insecticide)
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of this insect. Mamoon-ur-Rashid ef al. (2012) also
verified neem effect on biology and survival of
P. solenopsis.

The azadirachtin disrupts the ecdysis processes,
which may affect feeding and reproduction, caus-
es larvae death and growth retardation or lethal
physiological deformations (Kumar et al., 2008).
Souza et al. (2015) found that the growth rate of
Aphis gossypii decreased when they applied neem
to discs of watermelon leaves to which the insects
were exposed. Okomu et al. (2007) observed that
few adults of Anopheles gambiae were able to emerge
and adult lifetime was also reduced after treat-
ment of larvae with 0.2% neem oil, evidencing that
azadirachtin is capable of causing sublethal effects.
Possibly, this occurs by the action of azadirachtin
present in neem oil, which affects the corpus car-
diacus of the insect that controls the secretion of
other glands and, at the end, different hormones.
Because metamorphosis requires a perfect syn-
chronization of several hormones to be successful,
it eventually causes deformed adult insects.

An explanation for the reduction of the D. bre-
vipes when treated with C. iria extract is that, ac-
cording to Bede et al. (2001) in these plants there
are compounds of the secondary metabolism that
interfere in the physiological processes of the in-
sects, and are analogues of the juvenile hormone.
These authors verified that the juvenile hormone
III (JH III) and its precursor, methyl-farnesoate, ac-
tive in the control of some species, were identified
in ‘junquinho’, Cyperus iria. Other studies are nec-
essary to verify if there is repellent effect of these
compounds on D. brevipes, thus affecting the rate
of colonization.

A study of Toong et al. (1988), evaluating the effect
of C. iria in insects isolated a similar compound to
JH III, with morphogenetic effect in several insects.
The locust Melanoplus sanguinipes (Fabricius 1789)
(Orthoptera: Acrididae) reared in the laboratory
using C. iria as host, presented 90% of the adults
with wing deformation. Furthermore, the excess of
juvenile hormone made the females sterile.
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Mortality of D. brevipes by application of extracts
directly and by residual contact

There was no significant difference between the
treatments that received direct application of ex-
tracts of C. iria and A. indica in the two concentra-
tions tested (5 and 10%) and water in the three eval-
uated periods (24, 48 and 72h), except for A. indica
at 72h that presented an intermediate mortality,
independent of the concentration (Table 2). How-
ever, there was a significant difference between all
the extract treatments and the insecticide, which
caused the highest mortality in all the evaluation
periods.

The direct application of neem extracts at 5% and
10% concentrations did not cause immediate mor-
tality on D. brevipes. This effect was only observed
at 72 hours after the contact. Also, Bharathi and
Muthukrishnan (2017) observed mortality of P. so-
lenopsis greater than 70%, 72 h after application of
solution with 5% neem seed extract.

Badshah et al. (2015) found that the neem seed
aqueous extract at 3% concentration applied to
P. solenopis caused 38% mortality after 3 days of ex-
posure and, after 7 days, this value reached 61%.
In this same work, neem was also applied using
the n-hexane solvent. In this case, the mortality
was 81% and 100% after 3 and 7 days of exposure,
respectively.

Gongalves-Gervasio and Vendramim (2007) veri-
fied, in tomato, 100% mortality of the tomato moth,
Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gel-
echiidae) when neem extract at 5% concentration

Table 2 - Mortality (%) (mean and standard error) of Dysmi-
coccus brevipes submitted to Azadirachta indica and Cyperus
iria aqueous extracts at different concentrations by direct
application

Period (hours)

Treatment
24* 48* 72*

Control 1 (water) 0,0+0,00b 0,0+000b 2,0+2,00c
Control 2 (insecticide) 50,0+7,07a 50,0+7,07a 50,0 +8,60 a

A. indica 5% 20+£2,00b 10,0+4,47b 14,0+4,00b
A. indica 10% 00+0,00b 40+245b 12,0+583b
C. iria 5% 20+£2,00b 20+200b 4,0+4,00c
C. iria 10% 20+£2,00b 20+200b 0,0+0,00c

* Means followed by the same letter, did not differ by Scott-Knott test (P <0.05).



was applied. However, these researchers applied
again the treatment after 7 days and that was not
done in the present study. These results indicate
that the action of neem extract compounds can
be active only for a short period. Future trials are
needed to verify the mortality rate of this mealy-
bug for a longer evaluation time and with more
than one application.

When treatments were applied on paper surface,
there was no significant difference between treat-
ments of C. iria and A. indica extracts at the two
concentrations tested (5 and 10%) and the control
1 (water) at 24, 48 and 72h. However, the mortali-
ty with A. indica extract, at both concentrations, at
72h was not statistically different to control 2 (in-
secticide) and higher than the others (Table 3).

Table 3 - Mortality (%) (mean and standard error) of Dysmi-
coccus brevipes submitted to Azadirachta indica and Cyperus
iria aqueous extracts at different concentrations by surface
contamination

Period (hours)

Treatments
24* 48* 72*

Control 1 (water) 0,0+0,00b 0,0+0,00b 6,0+4,00b

Control 2 (insecticide) 40,0+15,17a 42,0+1562a 42,0+1562a
A. indica 5% 2,0+2,00b 80+374b  160+4,00a
A. indica 10% 6,0+245b 12,0£2,00b 180+3,74a
C. iria 5% 40+245Db 40+245b 8,0+3,74b
C. iria 10% 0,0+£0,00b 40+245Db 60+245Db

* Means followed by the same letter, are not statistically different by Scott-Knott
test (P <0.05).

Capps et al. (2010) in order to control Sitophilus ory-
zae (Linnaeus, 1763) (Coleoptera: Curculionidae)
using C. iria powder at three concentrations (1, 2
and 5%) during 30, 60, 90, 120 and 150 days, found
greater repellency when using root powder and
aerial parts of the plant at 5% concentration, repel-
ling up to 87% of insects. Adult mortality was 77%
when the grains were treated with root powder at
5% concentration, having the other treatments in-
ferior efficiencies. They also verified that the treat-
ment of the grains with C. iria powder was more

efficient to control S. oryzae than the extracts ap-
plied to paper.

The tests carried out to evaluate the mortality of
D. brevipes showed the insecticidal activity of neem
extracts at 5 and 10% concentrations in contact
with the insects in a 72 h period. These results are
in agreement with those obtained by Marcomini et
al. (2009) that verified a higher mortality rate of Al-
phitobius diaperinus Panzer (Coleoptera: Tenebrioni-
dade) as the concentration of neem was increased,
reaching 87% when this oil was applied at 10%
concentration. Alves ef al. (2012) found that neem,
in the form of a pie, reduced the feeding activity
and oviposition of mealworms (Alphitobius diaperi-
nus) (Panzer) (Coleoptera: Tenebrionidae).

According to Costa et al. (2016), the application of
an aqueous extract of neem seeds caused more than
90% mortality on larvae and pupae of Liriomyza sa-
tivae (Blanchard) (Diptera: Agromyzidae) in melon.
Also, Giongo et al. (2016) observed that some nano-
formulations with neem caused mortality and sub-
lethal effects; in addition, they presented antifeed-
ant effect for short time. Similarly, Formentini et
al. (2016) that observed 80% mortality on Gyropsylla
spegazzaniana (Lizer e Trelles) (Hemiptera: Psylli-
dae) nymphs in mate seedlings after spraying with
neem oil. Pinto et al. (2013) found that the effects of
neem application on cotton aphids were similar to
that of thiamethoxam 72 h after exposure to treat-
ment. However, in a study by Alves et al. (2012),
neem pie had no effect on mortality of Alphitobius
diaperinus (Panzer) (Coleoptera: Tenebrionidae).

CONCLUSIONS

The extracts Azadiractha indica 10% and Cyperus
iria of 5% and 10% concentrations sprayed once in
pineapple plants may adversely affect the popula-
tion of Dysmicoccus brevipes, not interfering in the
normal development of the pineapple crop in the
early stages of growth, thus having a potential to
be used in Integrated Pest Management alone or
associated with other control methods.

Lira et al., Activity of extracts on Dysmicoccus brevipes 87



REFERENCES

Almeida, G.D.; Zanuncio, J.C.; Pratissoli, D.; Andrade, G.S.; Cecon, P.R. & Serrao, J.E. (2010) — Effect of aza-
dirachtin on the control of Anticarsia gemmatalis and its impact on Trichogramma pretiosum. Phytoparasitica,
vol. 38, n. 5, p. 413-419. https://doi.org/10.1007/s12600-010-0124-6

Alvarenga, C.D.; Frangca, W.M.; Giustolin, T.A.; Paranhos, B.A.J.; Lopes, G.N.; Cruz, P.L. & Barbosa,
P.R.R. (2012) — Toxicity of neem (Azadirachta indica) seed cake to larvae of the Mediterranean fruit fly,
Ceratitis capitata (Diptera: Tephritidae), and its parasitoid, Diachasmimorpha longicaudata (Hymenoptera:
Braconidae). Florida Entomologist, vol. 95, n. 1, p. 57-62.

Alves, V.M.; Alves, L.F.A. & Uemura-Lima, D.H. (2012) — Atividade da torta de nim sobre adultos do cascudi-
nho dos aviarios em condic¢oes de laboratério. Ciéncia Rural, vol. 42, n. 5, p. 888-893. http://dx.doi.org/10.1590/
50103-84782012005000023

Andrade, L.H.; Oliveira, J.V.; Breda, M.O.; Marques, E.J. & Lima, LM.M. (2012) — Efeitos de inseticidas bota-
nicos sobre a taxa instantanea de crescimento populacional de Aphis gossypii Glover (Hemiptera: Aphi-
didae) em algodao. Acta Scientiarum Agronomy, vol. 34, n. 2, p. 119-124. http://dx.doi.org/10.4025/actasciagron.
v34i2.10863

Badshah, H.; Ullah, F.; Farid, A.; Calatayud, P. A. & Crickmore, N. (2015) — Toxicity of Neem seed Azadirachta
indica Juss (Meliaceae) different solvents extracts against cotton mealybug Phenacoccus solenopsis Tinsley
(Sternorrhyncha: Pseudococcidae) under Laboratory conditions. Journal of Entomology and Zoology Stud-
ies, vol. 3, n. 4, p. 45-49.

Bede, J.C; Teal, P.E.A.; Goodman, W.G. & Tobe, S.S. (2001) — Biosynthesis pathway of insect juvenile hor-
mone III in cell suspension cultures of the sedge Cyperus iria. Plant Physiology, vol. 127, p. 584-593. https://
doi.org/10.1104/pp.010264

Bernardi, O.; Bernardi, D.; Trecha, C.O; Jardim, E.O.; Cunha, U.S. & Garcia, M.S. (2010) — Eficiéncia de in-
seticidas a base de nim no controle de Grapholita molesta (Busck 1916) (Lepidoptera: Tortricidae). Revista
Brasileira de Fruticultura, vol. 32, n. 1, p. 286-290. http://dx.doi.org/10.1590/50100-29452010005000006

Bharathi, K. & Muthukrishnan, N. (2017) — Evaluation of botanicals against cotton mealy bug, Phenacoccus
solenopsis Tinsley (Psuedococcidae: Hemiptera). International Journal of Current Microbiology and Applied
Sciences, vol. 6, n. 12, p.1055-1061.

Capps, A.L.A.P.; Novo, ].P.S. & Novo, M.C.S.S. (2010) — Repeléncia e toxicidade de Cyperus iria L., em inicio
de florescimento, ao gorgulho Sitophilus oryzae. Revista Brasileira de Engenharia Agricola e Ambiental, vol. 14,
n. 2, p. 203-209. https://doi.org/10.1590/51415-43662010000200012

Choairy, S.A. (1992) — O abacaxizeiro: conhecimentos bdsicos, praticas de cultivo e uso. EMEPA-PB (BNB). Docu-
mentos, 16, Fortaleza, Brasil, 140p.

Coitinho, R.L.B.C.; Oliveira, J.V.; Gondim Jtnior, M.G.C. & Camara, C.A.G. (2006) — Atividade inseticida de
oleos vegetais sobre Sitophilus zeamais Mots. (Coleoptera: Curculionidae) em milho armazenado. Revista
Caatinga, vol. 19, n. 2, p. 176-182.

Costa, E.M.C.; Torres, S.B.; Ferreira, R.R;; Silva, F.G. & Aratjo, E.L. (2016) — Extrato aquoso de sementes de
nim no controle de Liriomyza sativae (Diptera: Agromyzidae) em meloeiro. Ciéncia Agrondmica, vol. 47,
n. 2, p. 401-406. https://doi.org/10.5935/1806-6690.20160048

Costa, ].V.T.A,; Bleicher, E.; Cysne, A.Q. & Gomes, F.H.T. (2010) - Oleo e extrato aquoso de sementes de nim,
azadiractina e acefato no controle do pulgao-preto do feijao-de-corda. Pesquisa Agropecudria Tropical, vol.
40, n. 2, p. 238-241. https://doi.org/10.5216/pat.v40i2.3564

Crestani, M.; Barbieri, R.L.; Hawerroth, F.J.; Carvalho, F.LF. de & Oliveira, A.C. (2010) — Das Américas para o
mundo: origem, domesticacao e dispersao do abacaxizeiro. Ciéncia Rural, vol. 40, n. 6, p. 1473-1483. http:/
dx.doi.org/10.1590/50103-84782010000600040

Ferreira, D.F. (2014) — Sisvar: a guide for its bootstrap procedures in multiple comparisons. Ciéncia e Agrotec-
nologia, vol. 38, n. 2, p. 109-112. http://dx.doi.org/10.1590/51413-70542014000200001

Ferreira, E.A.; Silva, ].R.; Almeida, G.V.B. de & Santos, W.V. (2011) — Abacaxi. Informe Agropecudrio, vol. 32,
n. 264, p. 7-16.

88 Revista de Ciéncias Agrdrias, 2020, 43(1): 82-90



FAO (2017) — Food and agricultural commodities production. New York, FAOSTAT. http://www.fao.org/faostat/en/#da-
ta/QC/visualize

Formentini, M.A.; Alves, L.F.A. & Schapovaloff, M.E. (2016) — Insecticidal activity of neem oil against Gy-
ropsylla spegazziniana (Hemiptera: Psyllidae) nymphs on Paraguay tea seedlings. Brazilian Journal of
Biology, vol. 76, n. 4, p. 951-954. http://dx.doi.org/10.1590/1519-6984.04915

Gambley, C.F.; Geering, A.D.W.; Steele, V. & Thomas, J.E. (2008) — Identification of viral and non-viral re-
verse transcribing elements in pineapple (Ananas comosus), including two new badnavirus species. Ar-
chive of Virology, vol. 153, n. 8, p. 1599-1604. http://dx.doi.org/10.1007/500705-008-0160-4

Giacomelli, E.J. (1969) — Curso de abacaxicultura em nivel de pds-graduagdo: resumo das aulas praticas. Recife, Bra-
sil, Universidade Federal de Pernambuco, 89p.

Giongo, A.M.M.; Vendramim, ].D. & Forim, M.R. (2016) — Evaluation of neem-based nanoformulations as
alternative to control fall armyworm. Ciéncia e Agrotecnologia, vol. 40, n. 1, p. 26-36. https://doi.org/10.1590/
51413-70542016000100002

Gongalves-Gervasio, R.C.R. & Vendramim, ].D. (2007) — Bioatividade do extrato aquoso de sementes de nim
sobre Tuta absoluta (Meyrick 1917) (Lepidoptera: Gelechiidae) em trés formas de aplicagao. Ciéncia e Agro-
tecnologia, vol. 31, n. 1, p. 28-34. https://doi.org/10.1590/51413-70542007000100004

Gunasinghe, U.B. & German, T. L. (1986) — Association of virus particle with mealybug wilt of pineapple.
Phytopathology, vol. 76, p. 1073.

Janini, J.C.; Boica Junior, A.L.; Jesus, F.G,; Silva, A.G.; Carbonell, S.A. & Chiorato, A.F. (2011) — Efeito de
genotipos de feijao, inseticidas e produtos naturais no controle de Bemisia tabaci (Gennadius) biotipo
B (Hemiptera: Aleyrodidae) e Caliothrips phaseoli (Hood) (Thysanoptera: Thripidae). Acta Scientiarum.
Agronomy, vol. 33, n. 3, p- 445-450. http://dx.doi.org/10.4025/actasciagron.v33i3.7577

Kumar, N.S., Muragan, K. & Zhang, W. (2008) — Additive interaction of Helicoverpa armigera nucleopolyhe-
drovirus and azadirachtin. BioControl, vol. 53, p. 869-880. https://doi.org/10.1007/s10526-007-9115-z

Lim, W.H. (1972) — Wilting and green spotting of pineapple by the bisexual race of Dysmicoccus brevipes Ckll.
in west Malaysia. Malaysian Pineapple, vol. 2, p. 15-21.

Lorenzi, H. (2008) — Plantas daninhas do Brasil. 4 ed. Nova Odessa, Brasil, Plantarum, 640p.

Mamoon-ur-Rashid, M; Khattak, M.K. & Abdullah, K. (2012) — Residual toxicity and biological effects of
neem (Azadirachta indica) oil against cotton mealybug, Phenacoccus solenopsis Tinsley (Sternorrhyncha:
Pseudococcidae). Pakistan Journal of Zoology, vol. 44, n. 3, p. 837-843.

Marcomini, A.M.; Alves, L.F.A.; Bonini A.K.; Mertz, N.R. & Dos Santos, ].C. (2009) — Atividade inseticida de
extratos vegetais e do 6leo de nim sobre adultos de Alphitobius diaperinus Panzer (Coleoptera, Tenebrion-
idae). Arquivos do Instituto Bioldgico, vol. 76, n. 3, p. 409-416.

Menezes, E.L.A. (2005) — Inseticidas botdnicos: seus principios ativos, modo de agdo e uso agricola. Seropédica, Rio
de Janeiro, Embrapa Agrobiologia, 58p.

Mordue, A.J.; Morgan, E.D. & Nisbet, A.J. (2010) — Azadirachtin, a natural product in insect control. In: Law-
rence, 1.G. & Sarjeet, S.G. (Eds.) — Insect control: biological and synthetic agents. London, England, Academic
Press/Elsevier, p. 185-197.

Okumu, F.O.; Knols, B.G.J. & Fillinger, U. (2007) — Larvicidal effects of neem oil formulation on the malaria
vector Anopheles gambiae. Malaria Journal, vol. 63, p. 1-8. https://doi.org/10.1186/1475-2875-6-63

Pinto, E.S.; Barros, E.M.; Torres, J.B. & Neves, R.C.S. (2013) — The control and protection of cotton plants
using natural insecticides against the colonization by Aphis gossypii Glover (Hemiptera: Aphididae). Acta
Scientiarum Agronomy, vol. 35, n. 2, p- 169-174. http://dx.doi.org/10.4025/actasciagron.v35i2.15764

Ribeiro, A.C.; Guimaraes, P.T.G. & Alvarez. V.H. (Eds.) (1999) — Recomendacies para o uso de corretivos e ferti-
lizantes em Minas Gerais. Comissao de fertilidade do solo do Estado de Minas Gerais — CFSEMG. Vicosa,
MG, 5* Aproximagao, 359p.

Sahito, H.A.; Abro, G. H.; Syed, T.S.; Memon, S.A; Mal, B. & Kaleri, S. (2011) — Screening of pesticides against
cotton mealybug Phenacoccus solenopsis Tinsley and its natural enemies on cotton crop. International Re-
search Journal of Biochemistry and Bioinformatics, vol. 1, n. 9, p. 232-236.

Sanches, N.F. & Matos, A.P. (1999) — Murcha associada a cochonilha Dysmicoccus brevipes (Cockerell 1893) —
In: O abacaxizeiro: cultivo, agroindiistria e economia, Brasilia, Brasil, EMBRAPA-CNPMEF. p.343-366.

Lira et al., Activity of extracts on Dysmicoccus brevipes 89



Silva, A.G.A; Gongalves, C. R.; Galvao, D. M.; Gongalves, A.].L.; Gomes, ].; Silva, M.N. & Simoni, L. (1968)
— Quarto catdlogo dos insetos que vivem nas plantas do Brasil seus parasitos e predadores. Rio de Janeiro, Brasil,
Ministério da Agricultura, 622p.

Silva, M.B.; Morandi, M.A.B.; Paula Junior, T.J.; Venzon, M. & Fonseca, M.C.M. (2010) — Extratos de plantas
e seus derivados no controle de doengas e pragas. In: Venzon, M.; Paula Junior, T.J. & Pallini, A. (Eds.) -
Controle alternativo de pragas e doengas na agricultura orgdnica. Vigosa, EPAMIG, p. 33-53.

Singh, K.K.; Phogat, S.; Tomar, A. & Dhillon, R.S. (2008) — Neem, a treatise. New Delhi, India, International
Publishing House, 568 p.

Souza, C.R.; Sarmento, R.A.; Venzon, M.; Santos, G.R. & Silveira, M.C.A.C.; Tschoeke, P.H. (2015) — Lethal
and sublethal effects of neem on Aphis gossypii and Cycloneda sanguinea in watermelon. Acta Scientiarum
Agronomy, vol. 37, n. 2, p. 233-239. http://dx.doi.org/10.4025/actasciagron.v37i2.19517

Toong, Y.C., Schooley, D.A. & Baker, F.C. (1988) — Isolation of insect juvenile hormone III from a plant. Na-
ture, vol. 333, p. 170-171. https://doi.org/10.1038/333170a0

Ullman, D.E.; German, T.L.; Gunasinghe, U.B. & Ebesu, R.H. (1989) — Sorology of a closteroviruslike par-
ticle associated with mealybug wilt of pineapple. Phytopathology, vol. 79, n. 12, p. 1341-1345. https:/doi.
org/10.1094/Phyto-79-1341

Verson, M.; Rosado, M.C.; Pallini, A.; Fialho, A. & Pereira, C.J. (2007) — Toxicidade letal e subletal do nim so-
bre o pulgao-verde e seu predador Eriopis conexa. Pesquisa Agropecudria Brasileira, vol. 42, n. 5, p. 627-631.
https://doi.org/10.1590/S0100-204X2007000500003

Yildirim, E.M. & Baspinar, H. (2012) — Effects of neem on Liriomyza trifolii (Burgess) (Diptera: Agromyzidae)
and its parasitoids on tomato greenhouse. Journal of Food, Agriculture & Environment, vol. 10, n. 1, p. 381-
384.

Versieux, L.M. & Wendt, T. (2007) — Bromeliaceae diversity and conservation in Minas Gerais state, Brazil.
Biodiversity and Conservation, vol. 16, n. 11, p. 2989-3009. https://doi.org/10.1007/s10531-007-9157-7

90 Revista de Ciéncias Agrdrias, 2020, 43(1): 82-90



