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Abstract: In this study, we evaluate the olfactory responses of Mahanarva spectabilis adults to aqueous
extracts from the following non-host plants for the pest insect: garlic (Allium sativum L.), rue (Ruta
graveolens L.), cinnamon (Cinnamomum verum J. Presl), lemongrass (Cymbopogon citratus Stapf.), clove
(Syzygium aromaticum L.), star anise (Illicium verum Hook.f), eucalyptus (Eucalyptus globulus Labill.),
tobacco (Nicotiana tabacum L.), and thyme (Thymus vulgaris L.) applied to the host plant, elephant
grass (Pennisetum purpureum Schum.). The bioassays were performed using a Y olfactometer, and
the combinations of the plant extracts applied to the host plant were tested against fresh air and
against the host plant without the extract. The results show that the extracts of tobacco and star anise
were non-attractive to M. spectabilis adults. The extracts from the remaining plants did not alter the
response of M. spectabilis to the host plant.
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1. Introduction

In Latin America, most animal production is based on grazing, which is often planned
in those areas where the soil is unsuitable for other agricultural activities. Consequently;,
serious levels of degradation occur in considerable parts of the grazing areas, which proves
to be a limiting factor in the production of meat and milk [1]. Additionally, besides the
complex agroecological process, biotic factors such as insect pests contribute substantially
to the degradation of the pastures [2].

Among the most important insect pests associated with the pastures are spittlebugs.
The attack of these insects occurs mainly in the rainy season of the year, which causes a
fall in the production of forage, precisely in the period of high demand by cattle; thus, it
thoroughly damages the chains of beef and milk production [3,4]. According to Thomp-
son [5], damage by spittlebugs on pastures generates losses of up to the USD 2.1 billion per
year worldwide. In Brazil, the spittlebug Mahanarva spectabilis (Distant, 1909) (Hemiptera:
Cercopidae) is considered an obstacle to forage production and is the main and most limit-
ing pest associated with the production of elephant grass (Pennisetum purpureum Schum.
(Poales: Poaceae)) [6].

Female spittlebugs M. spectabilis lay eggs close to the forage base, and the eggs are
elongated and resemble the shape of a yellow-colored rice grain [7,8]. After hatching, the
nymphs immediately fix themselves on the roots and synthesize a foam, in which they
are immersed for five instars until they reach adulthood. The foam protects them against
natural enemies and provides a microclimate that is favorable for their development [8,9].
Adults, unlike nymphs, have wings and reproductive organs and move around in low
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jumps and short flights [8,10]. They have an average longevity rate of 9 days (£3) in
females and 10 days (£4) in males [11]. They prefer to stay fixed in the sheaths of forage
leaves, sucking the sap and injecting toxins that cause yellowing and death of the plant
tissues [12]. Hence, it is important to have necessary strategies for the control of such pests.

Spittlebug management strategies must be used together so that the control of this pest
is sustainable and efficient. Among the management strategies used in Brazil, we highlight
the diversification of pastures [13], chemical control [14], biological control [15,16], and the
use of resistant plants [17]. The use of insecticides and botanical repellents is a widespread
strategy, and studies of this nature are necessary for the management of forage pests.

Dias et al. [18] demonstrated that compounds of plant origin are effective against the
spittlebug M. spectabilis. It must be considered that plants present phytochemicals in their
constitution with unique biological characteristics that play different structural roles and act
as larvicides [19], insecticides [18], repellents [20], ovipositional regulators [21], and growth
regulators [22], which partially help them avoid the attacks of the phytophagous insects.
The unattractive or attractive action of the plants is closely related to the volatile organic
compounds (VOCs) released by the plants. VOCs act to defend the plant by promoting
protection against abiotic and biotic stresses. Moreover, they also play crucial roles in the
ecological interactions of the plants with the other organisms [23,24]. These compounds
have great potential for their use in integrated pest management once they are obtained
through the manufacturing of plant extracts.

The push—pull technique uses the principles of attraction and non-attractiveness to
manipulate the behavior of the insect pests through the integration of the stimuli that act
to repel or drive the pests away from the main crop (push) while attracting them towards a
source crop (pull) by using highly apparent and attractive stimuli. Hence, the pests are
subsequently removed away from the desired crop. The attractive or unattractive action of
a plant can be natural when generated by the aromatic compounds present in the host plant;
however, if this is not the case, it can also be induced externally by the application of stimuli
that can mask the host appearance in terms of repellency, deterrence, and attraction [25].
As an example, researchers demonstrated that the choice of a host plant by M. spectabilis
can be attributed to the specific odors released by forage, such as Pennisetum purpureum cv.
Pioneiro and Brachiaria decumbens cv. Basilisk [26]. They also demonstrated that damaged
plants of Brachiaria brizantha cv. Marandu unattracted the adults of M. spectabilis.

The aforementioned research results served to hypothesize that the aqueous extracts
of certain aromatic non-host plants after their application to elephant grass may alter the
attractive response of elephant grass to M. spectabilis. The present research is an effort to
arrive and identify those suitable non-host plant extracts. Therefore, the objective of this
research is to evaluate the olfactory response of the adults of the spittlebug M. spectabilis
towards the aqueous extracts of the aromatic plants (non-hosts to these insects), such
as Allium sativum L. (Amaryllidaceae), Ruta graveolens L. (Rutaceae), Cinnamomum verum
J. Presl. (Lauraceae), Cymbopogon citratus Stapf. (Poaceae), Syzygium aromaticum L. and
Eucalyptus globulus Labill. (Myrtaceae), Illicium verum Hook.f (Schisandraceae), Nicotiana
tabacum L. (Solanaceae), and Thymus vulgaris L. (Lamiaceae), when they are applied to the
host plant, the elephant grass (Pennisetum purpureum Schum. (Poaceae)).

2. Materials and Methods
2.1. Botanical Material and Plant Extracts

For the olfactometry tests, elephant grass (Pennisetum purpureum Schum) was used.
It was obtained by using cuttings (=210 cm, single knot), from the Experimental Field of
Embrapa Dairy Cattle, Coronel Pacheco, Brazil. The cuttings were propagated in plastic
pots (500 mL) that contained the substrate (soil/manure in a 1:1 ratio) to form the seedlings.
The seedlings were kept in a greenhouse at Embrapa Dairy Cattle in Juiz de Fora, MG,
Brazil, until they reached an approximate height of 30 cm and were used in the experiments.

The botanical materials for making the plant extracts were obtained from different
sources (Table 1). With the exception of eucalyptus leaves, the other materials were
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purchased from the commercial establishments described in Table 1. For lemon grass, rue,
and thyme, seedlings were purchased, and they were planted in 1 L plastic pots and stored
in an Embrapa Dairy Cattle greenhouse for 3 months, with daily irrigation, before use.
Garlic, cinnamon, cloves, tobacco, and anise star were purchased in their whole form, ready
for use. Eucalyptus leaves were collected from trees at the Experimental Field of Embrapa
Dairy Cattle.

Table 1. List of plant species, their sources, forms of acquisition, and parts used to make the aqueous plant extracts.

Extract Plant Species Sources Forms of Acquisition Parts Used
Garlic Allium sativum L. Street Fair, Juiz de Fora, MG, Brazil Whole product Bulbs
Star anise Illicium verum Hook.f Municipal %g%;g;lluiz de Fora, Dry parts Fruits
Rue Ruta graveolens L. Municipal II\/I/[aél’(eBzg;]luiZ de Fora, Seedlings Leaves
Cinnamon Cinnamomum verum J. Presl Municipal 1\1<I/[a(r;l/<eBtrZ£i]1uiz de Fora, Dry parts Bark
Lemongrass Cymbopogon citratus Stapf. Municipal l\l\/ilacl:(grg;]lmz de Fora, Seedlings Leaves

Clove Syzygium aromaticum L. Municipal ?Ag%eBigiilluiZ de Fora, Dry parts Flower bud
Eucalyptus Eucalyptus globulus Labill. Embrgggh]zsg};\fé/t%i; (Z?i(l)ronel Collected leaves Leaves
Tobacco Nicotiana tabacum L. Municipal l\1<[/[acri<eBtr;)£i]luiZ de Fora, Dry parts Leaves
Thyme Thymus vulgaris L. Municipal II\/[AgljeBigii]luiZ de Fora, Seedlings Leaves

Nine plant extracts (Table 1) were prepared at the Entomology Laboratory of Embrapa
Dairy Cattle, Juiz de Fora, Brazil. Each plant extract was made separately on the day before
the olfactometry tests were performed. For the preparation of the extracts, parts from the
selected plants (Table 1) were washed with distilled water and then placed in a forced
ventilation oven (Binder FD115) for drying at an average temperature of 40 °C for 72 h.

After drying, the materials were ground in a basic analytical mill IKA® model A11
and placed in the beakers, which were filled with distilled water at a concentration of 20%
and taken to an ultrasound shaker (ELMA E60H) to extract the compounds. The resulting
solutions were filtered through a voile fabric, which gave rise to the aqueous plant extracts.
The plant extracts were stored in amber glass bottles and protected from the light until the
olfactometry tests.

2.2. Insects

For the performance of the olfactometry tests, adult M. spectabilis specimens were
collected from the elephant grass plants in the Experimental Field and greenhouses of
Embrapa Dairy Cattle. Later, they were taken to the entomology laboratory, where they
were kept in acrylic cages (30 x 30 x 60 cm3) at room temperature (25 =+ 2 °C). Females and
males of this insect were used in undefined proportions. Adult collections were performed
on different dates in the morning before each trial.

2.3. Bioassays of Olfactometry

The olfactometry bioassays were carried out at the Embrapa Dairy Cattle Entomology
Laboratory. The experimental procedure by Silva et al. [26] was used with adaptations. A
Y-type glass olfactometer was used, with the following dimensions: the main arm, 30 cm;
the side arms, 23 cm; diameter, 3.5 cm; with an angle of 120° between the arms. The airflow
was continuous at 1.0 L/min, and the air was humidified with distilled water, filtered with
activated carbon, and calibrated with the help of a flow meter. For the insertion of the
plants, a glass dome with 42 cm height and with a diameter of 16 cm was attached to each
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arm of the olfactometer with the help of silicone tubes. The plastic cups that contained the
elephant grass plants were wrapped in the aluminum foils to reduce the volatile effects of
the substrate.

The tests were carried out between 9 a.m. and 4 p.m. from December 2019 to March
2020. The average temperature during the test period was 27 £ 2 °C, the relative humidity
was 60 = 10%, and the photophase was 12:12 h. Before performing the bioassays, the
olfactometer was calibrated, noting the M. spectabilis responses to the combination clean air
vs. clean air. In the tests, the extracts of the non-host plants were applied directly to the
leaves of the host plants (elephant grass) through a plastic sprayer of 500 mL, 10 sprays for
each plant extract (=8 mL), forming a combination of the aqueous plant extract + elephant
grass. All aqueous plant extracts were tested against fresh air and host plants (without
extract). The tests proceeded with the following combinations: (1) garlic extract + elephant
grass vs. clean air; (2) garlic extract + elephant grass vs. elephant grass; (3) star anise
extract + elephant grass vs. clean air; (4) star anise extract + elephant grass vs. elephant
grass; (5) rue extract + elephant grass vs. clean air; (6) rue extract + elephant grass vs.
elephant grass; (7) cinnamon extract + elephant grass vs. clean air; (8) cinnamon extract
+ elephant grass vs. elephant grass; (9) lemongrass extract + elephant grass vs. clean air;
(10) lemongrass extract + elephant grass vs. elephant grass; (11) clove extract + elephant
grass vs. clean air; (12) clove extract + elephant grass vs. elephant grass; (13) eucalyptus
extract + elephant grass vs. clean air; (14) eucalyptus extract + elephant grass vs. elephant
grass; (15) thyme extract + elephant grass vs. clean air; (16) thyme extract + elephant
grass vs. elephant grass; (17) tobacco extract + elephant grass vs. clean air; (18) tobacco
extract + elephant grass vs. elephant grass.

M. spectabillis adults were removed from the acrylic cages and placed in the voile
fabric cages before each bioassay. The tests with the insects were carried out individually,
where each adult was placed on the base of the olfactometer. The responses were counted
and considered positive only for the insects that reached the end of one of the lateral
arms of the Y within 10 min. The insects that did not reach the lateral arms in this period
were quantified, but they were not included in the analysis. For each bioassay, 40 positive
responses were evaluated.

To maintain the equipment and to avoid any external interference in the responses
of the insects, the following operations were performed: After 5 insects were tested,
the olfactometer was washed with 96° ethyl alcohol and dried in an oven at 100 °C.
The olfactometer was also rotated 180° to avoid any positional bias. After 10 tests, the
olfactometer and the domes were washed in distilled water with neutral detergent and
alcohol and dried in an oven at 100°. Additionally, after every 10 tests, the plants from
the dome were changed, and aqueous plant extracts were reapplied. At each odor source
change, that is, after 40 positive responses, the silicone hoses were replaced and all the
equipment and the olfactometer and its parts were washed in distilled water with neutral
detergent and alcohol and dried in an oven at 100 °C.

2.4. Statistical Analysis

The results were analyzed using the Chi-square test (x?) in the BioEstat 5.4 soft-
ware [27]. Insects that chose neither arm were excluded from the statistical analysis.

3. Results

M. spectabilis had no significant difference (x2 =0; DF = 1; p = 0.9999) when clean
air was tested in both arms, which indicated that there was no positional bias in the
olfactometer.

The combination of the host plant with the tobacco extract resulted in non-attractiveness.
In this adjustment, 70% of the M. spectabilis went to fresh air (x> = 6.4; DF = 1; p = 0.0114) and
77.5% to the elephant grass without the extract (x> = 12.1; DF = 1; p = 0.0005) (Figure 1A,B).
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Figure 1. Behavioral response of M. spectabilis adults to the volatiles emitted by the combinations
of the extracts with the elephant grass, against clean air (A) and host plant (elephant grass) (B)
and olfactometry bioassays. The numbers inside the bars are the total number of spittlebugs that
responded to each treatment. (*) There was a significant difference in this treatment.

The star anise extract combination was also deprecated in relation to the clean air
(x? =12.1; DF = 1; p = 0.0005) and elephant grass (x> = 8.1; DF = 1; p = 0.0044), presenting
non-attractiveness to the adults of M. spectabillis respectively, with indexes of 77.5% and
72.5% (Figure 1A,B).

The combination with the aqueous eucalyptus extract was non-attractive in relation to
the fresh air ()(2 =8.1; DF = 1; p = 0.0044), indicating a non-attractive response of 72.5%;
however, it was not significantly attractive or unattractive to the adults of M. spectabillis,
when tested against the elephant grass plants (x> = 2.5; DF = 1; p = 0.1138) (Figure 1A,B).

Trials using thyme, garlic, cinnamon, lemongrass, rue, and clove extracts, in com-
bination with the elephant grass, were not significantly attractive or unattractive to the
M. spectabilis when they were tested against the clean air or the elephant grass plants
(Figure 1A,B).
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4. Discussion

As plants are confronted daily with herbivores, throughout history, they have devel-
oped several mechanisms that act in resistance to these herbivores, such as the ability to
recognize attacks and reconfigure their responses to produce, among other compounds,
volatile organics (VOCs) [24,28]. In this study, we investigated whether the volatile com-
pounds present in the aqueous extracts of the nine species of plants with insecticidal poten-
tial, applied on the forage host, would be able to alter the adult spittlebugs’ (M. spectabilis)
choice of pastures, influencing their behavior of attraction or non-attraction. Elephant
grass was chosen since it can release some specific odors that have the potential to attract
M. spectabilis [26].

The M. spectabilis responded significantly to the olfactory cues released by the com-
binations of the host plant with the extracts of the star anise, tobacco, and eucalyptus in
the bioassays against the clean air (bioassay A) and the combinations of the host plant
with the star anise and tobacco extracts in relation to the host plant without plant extract
(bioassay B). The observed non-attraction of M. spectabilis to the volatile compounds of the
star anise, tobacco, and eucalyptus extracts is added to the observations of Silva et al. [26]
on the attraction of adult M. spectabilis elephant grass and reveals a change in the behavior
of M. spectabilis by the application of the plant extracts. Similarly, Cook et al. [25] mention
that the behavior of non-attractiveness can occur if the odor reveals a low-quality host, and
non-attraction can occur after the application of non-host plant odors.

Some authors have observed that the extracts and oils made from star anise have
non-attractive effects on the insects. Singh and Singh [29] obtained 100% non-attractiveness
from Musca domestica L. (Diptera: Muscidae) by using the essential oil of star anise. The
researchers Wei et al. [30] noted that the non-attractiveness of the star anise extracts
increased as the doses increased. The highest percentage of non-attractiveness observed by
the authors on the adults of Sitophilus zeamais Motschulsky (Coleoptera, Curculionidae)
was 76.9%. In the research by Matos et al. [31], with a concentration of 32.78 uL/20 g, the
star anise essential oil repelled the adults of Callosobruchus maculatus (Fabr.) (Coleoptera:
Bruchidae). The main bioactive compound present in star anise is trans-anethole, which
is an aromatic compound responsible for the aroma and flavor of anise [30,32]. This
substance is not attractive for different species of pests, as also noted for M. spectabilis in
the present research.

Tobacco has been used by humans to control insect pests since the 17th century, mainly
due to its high efficiency, low phytotoxicity, and low cost [33-35]. Given its properties,
tobacco extract is also attributed with being non-attractive to pests. The main bioactive
compound present in the tobacco extract is nicotine, which in its volatile form is possibly
responsible for the non-attractive action against M. spectabilis as observed by Sagheer
et al. [36]. The acetonic tobacco extract obtained the highest non-attractiveness index
(93.33%) among the four extracts tested against Tribolium castaneum (Herbst) [37,38].

The volatile compounds present in the species of the Eucalyptus genus have shown
promising results in the control of several insects. Gonzalez-Guifiez et al. [39] proved that
the essential oil of E. globulus is non-attractive for S. zeamais adults. Descamps et al. [40]
found that the essential oil of E. globulus, at a concentration of 7% w/v, was non-attractive
for Acyrthosiphon pisum Harris (Hemiptera: Aphididae) adults. The main bioactive com-
pounds present in E. globulus are p-cymene, y-terpinene, and 1.8 cineol (eucalyptol), and
the synergistic activity of these and other compounds are responsible for the elaborated
action of the E. globulus plants on different species of the insects [41]. In the present work,
the aqueous extract of the E. globulus was not attractive to M. spectabilis as compared to
clean air; however, when compared to the host plant combination, there was no change.

In the olfactometer tests, the combinations of the host plant with the aqueous extracts
of garlic, rue, cinnamon, lemongrass, cloves, and thyme did not alter the behavior of the
M. spectabilis adults significantly. A similar situation was reported by Silva et al. [26],
who observed that VOCs from P. purpureum cv. Roxo Botucatu, Panicum maximum cvs.
Makueni and Tanzania, Hyparrhenia rufa cv. Jaragua, Melinis minutiflora, Cynodon dactylon
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cv. Tifton, and Brachiaria brizantha cv. Marandu were not significantly attractive or repellent
for M. spectabilis. Nonetheless, previous research shows that the application of the extracts
prepared from garlic, rue, cinnamon, lemongrass, cloves, and thyme revealed behavioral
changes of other insect species. Mobki et al. [42] reported that the garlic extract had a
strong non-attractive activity for T. castaneum. Perera and Karunaratne [43] identified strong
non-attractiveness (91%) of the aqueous extract of rue against Sitophilus oryzae L. adults
(Coleoptera: Curculionidae). Prajapati et al. [44] demonstrated that the cinnamon essential
oil has a high degree of repellency on Anopheles stephensi Liston, Aedes aegypti (L.), and Culex
quinquefasciatus (Say) (Diptera: Culicidae). Kimutai et al. [45] reported in their research
that lemongrass essential oil showed high non-attractiveness for Phlebotomus duboscqi
Neveu-Lemaire (Diptera: Psychodidae), which is one of the main vectors of zoonotic
cutaneous leishmaniasis in East Africa. Abo-El-Saad et al. [33] used the essential oil of
clove for Tribolium castaneum (Herbest) (Coleoptera: Tenebrionidae) adults and obtained
100% repellency at concentrations of 1.0%, 0.8%, and 0.2%. Picard et al. [46] observed that
the essential oil of thyme, in a concentration of 0.5%, was highly non-attractive for the
females of Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae). Despite these
compounds inducing a clear behavioral change in some other pest species, as mentioned
above, the results obtained in the present study showed that M. spectabilis remained
unchanged in its comportment in terms of attraction or non-attraction to the host plant
upon exposure to the extracts of these plants.

The current analysis is the first to show that plant extracts can alter the behavior
of M. spectabilis in relation to their host plant. It has been shown that the application of
aqueous extracts of tobacco and star anise can mask specific odors of elephant grass. The
nonattractive action of eucalyptus in one of the bioassays is a topic for further research.

The results are encouraging against farmers’ growing demand for environmentally
safe and non-toxic products [47]. The extracts of tobacco and star anise can complement
the techniques of handling M. spectabilis in small properties, such as by the push—pull pest
management technique [25].

5. Conclusions

Aqueous extracts of tobacco, star anise, and eucalyptus were not attractive for M.
spectabilis, and therefore can be used as a management tactic for M. spectabilis adults in
elephant grass. The extracts of thyme, garlic, clove, rue, cinnamon, and lemongrass were
not significantly attractive to M. spectabilis in the pastures.
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