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Abstract

Opuntia ficus-indica is a cactus used as fodder for animals in arid areas worldwide. However, the palm is
parasitized by the carmine cochineal scale insect (Dactylopius opuntiae) causing great damage to cactus
plantations in the semi-arid region of Brazil. Leaf extracts aqueous and hydro-ethanolic of neem and citronella at
concentrations of 50, 100 and 200 mg/mL, and strains suspensions of Beauveria bassiana (1 x 10* conidia/mL);
were applied on cladodes infested by D. opuntiae, in the laboratory. After 10 days of treatment, the percentages
of mortality were obtained on the adult females. Then, the most efficient extracts were selected in the laboratory
tests for control tests in palm plantation, where 100 mL of the extracts were applied in the 100 mg/mL
concentration on cladodes of palms. The results show that B. bassiana strains were not pathogenic to D. opuntiae.
Only the aqueous and hydro-ethanolic neem extracts were effective in controlling the cochineal. We conclude
that neem extracts are effective against D. opuntiae and can be used to control carmine scale in Opuntia
ficus-indica in the field.
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1. Introduction

Opuntia ficus-indica (L.) Mill. (Caryophyllales: Cactaceae) is a cactus of great importance in the economic
development of the arid and semi-arid areas of Brazil, Mexico, United States, Portugal, Italy and the countries of
the Middle East where it is widely used as a source of food and water. The nutritional and pharmaceutical
importance of O. ficus-indica is due to the high levels of soluble carbohydrates, calcium, iron, copper, sodium,
potassium, phenolic acids and vitamins (Santos et al., 2006; Chougui et al., 2013; Pretti, Bazzu, Serra, & Nieddu,
2014; Santos, R. L. S. Oliveira, Costa, Tiago, & N. T. Oliveira, 2015).

Carmine cochineal, Dactylopius opuntiae (Cockerell) (Hemiptera: Coccoidea) is used in Peru, the Canary Islands
and Mexico for the production of carmine dyes in the food industry and for the biological control of some invasive
cacti (Hoffmann, Moran, & Zimmermann, 1999; Paterson et al., 2011). However, cochineal also parasitizes
species of cacti including O. ficus-indica. In Brazil and Mexico the insect threatens cultivars of this plant causing
losses in the production of fodder and fruits, with enormous economic consequences for farmers and ranchers
(Santos et al., 2006; Chavez-Moreno, Tecante, & Casas, 2009; Lopes et al., 2018). The use of insecticides in the
control of large infestation foci of carmine cochineal as well as the use of insect-resistant palm cultivars is,
therefore, recommended in order to maintain infestation at a level that does not damage crop productivity
significantly (Santos et al., 2006; Falcdo, Oliveira, Mergulhdo, Silva, & Santos, 2013). However, the increased use
of chemical insecticides is of mounting concern due to contamination of soil, water sources and air (St. Leger &
Wang, 2010). Therefore, new, more efficient and safer alternatives are recommended such as biological control of
pests by entomopathogenic fungi or the spraying of plant extracts (Svedese, Tiago, Bezerra, Paiva, Alves-Lima, &
Porto, 2013; Lopes, G. Lima, Costa, Luna-Alves-Lima, & V. L. M. Lima, 2017; Lopes et al., 2018). These
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methods promote the maintenance and balance of insect populations, limiting their rapid multiplication without
damaging other organisms and the environment (Lv et al., 2011; Sabbour & Abdel-Rahman, 2013).

Beauveria bassiana (Bals.) Vuillemin is an important entomopathogenic fungus used as a pest biocontrol agent
due to its wide geographic distribution, host diversity (occurring in more than 200 species) and pathogenicity on
several species of pest insects (Alves, 1998; Zhang et al., 2009, Jin et al., 2010). The action of B. bassiana strains
has been confirmed in the control of several insects, among them, Scalebacterium texensis (Tinsley),
Praelongorthezia praelonga (Douglas), Planococcus citri (Risso) and Planococcus ficus (Signoret) (Andalo,
Moino Junior, Santa-Cecilia, & Souza, 2004; Benvenga, Gravena, Silva, Junior, & Amorim, 2011; Kulkarni &
Patil, 2013; Mohamed, 2016).

Plants produce substances that are harmless to humans and the environment and are considered alternative sources
for the discovery of natural insecticides (Luna et al., 2005). These substances are more beneficial than chemicals,
since they are renewable, easily degradable and do not pollute the environment (Oliveira, Lins-Neto, Aratjo, &
Albuquerque, 2007). Thus, several plant species such as neem (Azadirachta indica A. Juss), and citronella
(Cymbopogon winterianus Jowitt) have been tested successfully in insect control. Considering the economic
damage caused by D. opuntiae the search for natural insecticides for the control of cochineal is recommended. In
this context, the objective of this work was to analyze the potential of B. bassiana and extracts of neem and
citronella in the control of D. opuntiae.

2. Method
2.1 Insect Collection and Rearing

The cochineal D. opuntiae were collected from plantations of O. ficus-indica in the municipalities of Sertdo do
Moxoto6 and Pajet, Pernambuco State, Brazil. The insects were raised in acclimatized chambers at 28+1 °C, with
37£3% relative humidity (RH), and 12 h photoperiod, on healthy cactus cladodes placed horizontally on wooden
supports and infested with first instar nymphs. The bioassays used adult females of D. opuntiae after 40 days of
infestation, according to the duration of the biological cycle of D. opuntiae (Flores-Hernandez et al., 2006). The
cladodes with adult females were sprayed with a 2% solution of detergent before assay to improve contact of the
suspensions with the insect bodies.

2.2 Beauveria Bassiana Strains Used in the Bioassays

The strains of B. bassiana (URM2926, URM2921, URM2933, URM2935, URM2929, URM2916 and URM2912)
were obtained from the URM Culture Collection (WDCM604) of the Federal University of Pernambuco (UFPE);
B. bassiana (IPA202, IPA223 and IPA226) were obtained from the Culture Collection of Agronomic Institute of
Pernambuco (IPA). The ten fungal strains were cultivated on Potato-Dextrose-Agar medium (PDA) for 12 days,
and their viability determined by per cent germination tests after reinsulation from infected adult females. The
fungal suspensions were made by the inoculation of the conidia in 10 mL of Tween 80 solution (0.1%), and these
were quantified in a Neubauer's chamber. The suspensions were adjusted to a concentration of 1 x 10® conidia/mL
by successive dilutions of 1 mL of fungal suspensions in 9 mL of the Tween-80 solution (0.1%), and subsequent
quantification of the concentration of conidia in the Neubauer's chamber.

2.3 Pathogenicity of Beauveria bassiana on Dactylopius opuntiae in Laboratory

Palms infested with adult females were sprayed with 10 mL of the suspension (1 x 10® conidia/mL) of each B.
bassiana strain and 0.1% Tween 80 (control) using a De Vilbiss No. 15 hand sprayer. The palms were placed in
rectangular plastic pots, measuring approximately 30 cm x 15 cm x 8 cm, and kept in an air-conditioned room at a
temperature of 26+1 °C. The evaluations were done 10 days after the application of the treatments. Fifty adult
females were collected from squares of the palm with dimensions of 64 cm” (8 cm x 8 cm). The experiment was
performed in triplicate and involved 11 treatments (10 strains and control), totalling 150 adult females per
treatment. Mortality analysis was performed under a stereomicroscope. Dead insects were identified by
modification in coloration, a dehydrated/flaccid body and the absence of movement. Confirmation of the mortality
of the insects by the fungi tested was performed as described by Alves (1998). The females were disinfected in
alcohol (70%), sodium hypochlorite (4%) and successive washes in autoclaved distilled water. The insects were
transferred to incubator (BOD) at a temperature of 26+1 °C and humidity of 80+10% RH until growth and fungal
sporulation was observed.

2.4 Preparation of Vegetable Extracts

Neem and citronella leaves were collected from plants located at IPA, later washed with distilled water, dried at
room temperature and crushed. The extracts were then subjected to two processes of aqueous extraction at 100 °C
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and to the hydroalcoholic extraction (70%) for two hours. The hydro-ethanolic extract was maintained at a
temperature of 45 °C for 16 hours for evaporation of the alcohol.

2.5 Effect of the Plant Extracts on Dactylopius opuntiae

For the D. opuntiae bioassays, cladodes infested with adult females were sprayed with 10 mL of the extract
concentrations (50, 100 and 200mg/mL), and with Tween 80 (0.1%) solution (control) using a De Vilbiss n° 15
manual sprayer. After spraying, the cladodes were placed in container (30 cm X 15 cm x 8 cm) and maintained at
room temperature (28+1 °C) and 37+3% relative humidity for 10 days and then 50 adult females were collected
from 64 cm’ of each palm (8 cm x 8 cm), according to Lopes, Oliveira, Costa, Correia, Luna-Alves Lima, and
Lima (2018). The experiments were performed in triplicate, totaling 150 females per treatment. The mortality
counts were made using a stereomicroscope: dead insects had distinctive color modifications, dehydrated or
flaccid bodies, or were immobile.

2.6 Action of the Plant Extracts on Dactylopius opuntiae in Plants of Opuntia ficus-indica

The field experiment was carried out in the municipality of Sdo Bento do Una (Pernambuco/Brazil) on a private
property with a plantation of forage palm infested with cochineal. For each treatment a plant with a uniform
infestation incidence and spacing of 10 m between plants was used. The extracts (100 mg/mL) were applied by
hand spraying 100 mL of the suspensions on the cladodes of the palms. In the control treatment, spraying was
performed only with Tween 80 (0.01%) solution. After 15 days, three cladodes of each sprayed palm were
collected and analyzed at the Biological Control Laboratory/IPA. In each cladode, 50 females were selected in a
quadrant of 64 cm® (8 x 8 cm), totaling 150 insects per fungal lineage and per extract used. To confirm the
mortality of the insects by the extracts, the body texture and the dye of the cochineal females were observed.

2.7 Statistical Analysis

The experimental design was completely randomized. The statistical analysis of the data was performed using the
analysis of variance (ANOVA) and the means were compared by the Tukey test at 5% probability level using the
SAS Proc. ANOVA (SAS Institute, 1999-2001) program.

3. Results

Ten strains of B. bassiana were analyzed for in vitro pathogenicity on carmine cochineal. They were not
pathogenic, causing mortality rates ranging from 2 to 10% (p = 0.05). B. bassiana IPA202 caused death of 10.67%
of adult females (Table 1).

Table 1. Confirmed mortality of adult females of Dactiylopius opuntiae after 10 days of infection by Beauveria
bassiana strains

Strains Mortality (%)
Beauveria bassiana IPA 202 10.67 a
Beauveria bassiana URM2935 4.67b
Beauveria bassiana URM2933 4.00 bc
Beauveria bassiana URM2926 2.67 be
Beauveria bassiana URM2912 2.00 be
Beauveria bassiana IPA226 2.00 be
Beauveria bassiana URM2929 0.00 ¢
Beauveria bassiana IPA 223 0.00 ¢
Beauveria bassiana URM2921 0.00 ¢
Control 0.00 ¢

Note. Means followed by different letters in the column are significantly different by the Tukey test at 5%.

Table 2 shows the action of the extracts of neem and citronella in the control of adult females of D. opuntiae in the
laboratory. The aqueous and hydro-ethanolic extracts of neem had a positive effect on the mortality of adult
females at the concentrations tested, resulting in the death of 42 to 82% of the cochineal. This differed significantly
from the control treatment with a mortality rate of 1.3% (p = 0.05). Insect control became more efficient with
increasing concentrations, except for the aqueous extract of neem at a concentration of 100 mg/mL (p = 0.05).
Citronella extracts showed no insecticidal potential on adult females, with a mean mortality ranging from 4.7% to
8.7%, with no statistical difference between extracts, concentrations or the control treatment (p = 0.05).
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Table 2. Mortality of adult females of Dactiylopius opuntiae after 10 days of treatment with extracts of
Azadirachta indica and Cymbopogon winterianus

. Mortality (%)
Extract Concentration (mg/mL) -
Aqueous extract Hydroethanolic extract
Control 1.30d 1.30b
50 59.33b 60.00 a
Neem
100 42.00 ¢ 72.00 a
200 82.00 a 72.00 a
Control 1.30b 1.30b
. 50 533a 4.67 a
Citronella
100 6.00 a 8.67a
200 6.00 a 8.67a

Note. Means followed by different letters in the column are significantly different by the Tukey test at 5%.

Table 3 shows the bio-insecticidal effect of the plant extracts on adult females in the field condition. The aqueous
and hydro-ethanolic extracts of neem inflicted a mortality rate of 88% and 97% respectively, whereas 25% of adult
female cochineal in the control treatment died (P = 0.05%). The extracts of citronella were not effective in the
control of the adult females causing the death of only 8% of the insects.

Table 3. Mortality of adult females of Dactiylopius opuntiae after 10 days of treatment with extracts of
Azadirachta indica and in the field

Different extraction methods Mortality (%)
Control 25.00b
Aqueous extract 88.00 a
Hydroethanolic extract 97.00 a

Note. Means followed by different letters are significantly different from each other by the Tukey test at 5%
probability.

4. Discussion

Previous studies have found that B. bassiana and Beauveria sp strains were efficient in controlling D. texensis and
P. praelonga cochineal, respectively, causing high percentages of mortality (50 to 65%) (Andald, Moino Junior,
Santa-Cecilia, & Souza, 2004). In contrast the results of this study found that several strains of B. bassiana were
not pathogenic or only caused low levels of D. opuntiae mortality.

The control of the insect can be intensified by the application of multiple B. bassiana strains or their association
with compatible insecticide formulations (Benvenga, Gravena, Silva, Junior, & Amorim, 2011). Kulkarni and Patil
(2013) verified the efficiency of Verticillium lecanii Viegas and B. bassiana in P. citri cochineal control. Similarly,
Mohamed (2016) reported the pathogenicity of B. bassiana, Metarhizium anisopliae (Metchnikoff) Sorokin and V.
lecanii on adult Planococcus ficus (Signoret) cochineal. In this case, B. bassiana was the most efficient fungus, as
it caused the death of 98% of insects and presented the lowest values of LCs (6 x 10* conidia/mL) and TLs, (5.30
days) in relation to the other fungi.

The low efficiency of B. bassiana on adult females of D. opuntiae can be explained by the small or nonexistent
specificity and virulence of the fungus. Dactylopius species have a layer of wax that covers the body and canmay
difficult contact with aqueous solutions (Nobel, 2001). Fungal infection begins with the hydrophobic adhesion of
the conidia on the surface of the host. Then, specific enzymes degrade the cuticle and penetrate the body of the
insect (Alves, 1998; Fang, Pava-ripoll, Wang, & St. Leger, 2009). According to Svedese et al. (2013), the
production of these enzymes by B. bassiana is influenced by specific components of the host cuticle and there is a
relationship between the between this production and the pathogenicity of the fungus. So the waxy layer may
prevent chemicals from reaching the integument (Demirci, Mustu, Kaydan, & Ulgentiirk, 2011).

Probably, Neem plant extracts killed the adult females of D. opuntiae at the tested concentrations, whereas the
citronella extracts did not cause significant mortality. Neem extracts caused degradation of the waxy layer that
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covers the adult female D. opuntiae followed by dehydration and death of insect. Biodegradable products tested in
the control of D. opuntiae, such as detergents and plant extracts, also contain specific substances that can degrade
the waxy layer that protects the insect, causing dehydration and death of the cochineal (Nobel, 2001;
Flores-Hernandez et al., 2006, Vigueras, Tovar, & Pelayo-Ortiz, 2009, Lopes, Oliveira, Costa, Correia, Lima, &
Lima, 2018).

The hydro-ethanolic extract of neem was more efficient in the control of cochineal, causing the death of 60%
and 72% in the lower concentrations, respectively. The aqueous extract was effective in the control of the insect,
while both extracts of citronella resulted in an average mortality of less than 10%. However, Vazquez-Garcia,
Garabito-Espinoza, Tabares-Vega, and Castillo-Herrera (2011) reported that essential oils of plants Ocimum
basilicum L., Mentha spicata L., C.winterianus (Jowitt) and Lippia graveolens Kunth were toxic to the first instar
nymphs of D. opuntiae. Vigueras, Tovar, and Pelayo-Ortiz (2009) tested the extracts of Chenopodium
ambrosioides L., Mentha piperita L., Mentha viridis L., Tagetes erecta L., and T. florida Sweet on D. opuntiae.
They found that the extracts caused the death of 35 to 98% of nymphs and adult females, respectively, suggesting
that this toxicity might be due to the presence of terpenoids. For example, the commercial terpenoids Eugenol 99%
(Across Organics, Mexico), 1,8-Cineol 99% and Mentol 99% (Sigma Aldrich, Mexico) significantly reduced the
fixation of the cochineal on the cladodes of the palm and act as insect repellents (Pérez-Ramirez, Castrejon-Ayala,
& Jiménez-Pérez, 2014). The aqueous and hydro-ethanolic extracts of Ricinus communis L. and Poincianella
pyramidalis (Tul.) L. P. Queiroz, at concentrations of 5, 10 and 20% caused death rates from 61.23 to 100% on
female D. opuntiae (Santos, Oliveira, Costa, Tiago, & Oliveira, 2015). Lopes, Oliveira, Costa, Correia,
Luna-Alves Lima, and Lima (2018) found that extracts of Libidibia ferrea var. ferrea and Agave sisalana were
efficient in controlling nymphs and adult females of D. opuntiae, causing mortality rates between 51 and 97%.

The action of neem extracts as pest control agents is related to the complexity of their chemical components.
Among them, azadirachtin is an important pest control agent in agriculture, as it does not affect non-target
organisms, is compatible with other control agents and can be used in Integrated Pest Management (Mossini &
Kemmelmeier, 2005). The insecticidal activity of neem extracts may be related to the presence of these secondary
metabolites (Omena et al., 2007; Souza & Trovao, 2009). In this sense, Gorlach-Lira and Lira (2011) evaluated the
bioinsecticidal action of neem oil on D. opuntiae in palm plantations, at concentrations of 1, 2 and 3%, and
observed that the oil significantly reduced the population of insects on the cladodes. Similarly, Borges et al. (2013)
showed that neutral detergent, cassava starch, liquid waste generated from the processing of cassava, mineral oil
and neem were the most efficient for the control of cochineal carmine.

In the field, aqueous and hydro-ethanolic neem extracts killed adult females with mortality rates of 97 and 88%,
respectively. Similar results were found by Vigueras, Tovar, and Pelayo-Ortiz (2009) when testing extracts of
Chenopodium ambrosioides L., Mentha piperita L., M. viridis L., Tagetes erecta L., and T. florida Sweet on D.
opuntiae in field experiments. The extract of 7. erecta promoted the death of more than 90% of the nymphs and
adult females. Silva, Mergulhdo, Medeiros, Figueiredo, and Burity (2013) verified the action of extracts of plants
from the Caatinga on D. opuntiae in palm plantations in Pernambuco. In this work, extracts of Cynophalha flexiosa
(L.)J. Presl in F. Berchtold and J. S. Presl, Prir. Rostlin were more efficient and caused mortality rates higher than
50%. Lopes, Oliveira, Costa, Correia, Luna-Alves Lima, and Lima (2018) reported that the aqueous and
methanolic extracts of the leaves and pods of Libidibia ferrea var. ferrea (Mart. Ex Tul.) L. P. Queiroz (=
Caesalpinia ferrea) and the hydroxylic extract of the leaves of Agave sisalana Perrine ex Engelm were efficient on
the adult females of D. opuntiae, causing mortality from 72.46 to 99.33% on plantations of O. ficus-indica.

There are few studies on the use of substances or extracts based on neem in the control of D. opuntiae in the field.
Lopes, Albuquerque, Brito, and Batista (2009) verified the effect of Prev-Am (Sodium tetraborahydrate
decahydrate) orange oil on D. opuntiae, in a giant palm plantation in the municipality of Monteiro (Paraiba State).
The product caused the death of nymphs and adult insects, with highest efficiency at concentrations of 0.6 and
0.7%, respectively. Gorlach-Lira and Lira (2011) evaluated the action of neem oil at concentrations of 1, 2 and 3%
on D. opuntiae in cladodes after 21 days, which caused the elimination of most of the colonies and were effective
in controlling the cochineal in the studied region. Lacerda et al. (2011) analysed the seed oil of neem (1 and 2%),
mineral oil (2%) and the maipueira's liquid (50 and 100%) of Manihot esculenta Crantz on carmine cochineal
vegetation house. Neem (2%) and mineral oil (2%) reduced the infestation by 10 and 91.6%, respectively, while
the manioc extracts decreased infestation by 54.16 and 62.50%.

5. Conclusions

The Beauveria bassiana strains tested are not pathogenic to adult D. opuntiae females, not being indicated for the
control of the insects. Citronella (aqueous and hydro-ethanolic) extracts are ineffective in controlling D. opuntiae
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in laboratory tests. Aqueous and hydro-ethanolic neem extracts are efficient in controlling D. opuntiae in
laboratory and field tests, promoting mortality rates between 72 and 97% of adult females. These extracts can be
used in the control of carmine cochineal in emanations of O. ficus-indica in the world semi-arid regions.
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