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Abstract. Ethylene is a volatile phytohormone that plays an important role in the physiological processes of coffee plants. However, the role
of this compound as a semiochemical in the tritrophic interaction involving Hypothenemus hampei, Coffea canephora, and hymenopteran
insects remains unknown. Ethylene-baited traps were used in a coffee plantation in the experimental field of Embrapa Ronddnia in the
municipality of Porto Velho, Ronddnia state, Brazil. The experiment was conducted during the fruit maturation period (March and April).
Ethylene did not attract H. hampei compared to control traps (distilled water) but was significantly attractive to hymenopterans suggesting
that it acts as a synomone.
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Edited by: The population fluctuation of Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae)
William Costa Rodrigues depends on the physiology of its host, i.e., plants of the genus Coffea (BoteLHo et al. 2021).
: . . A study reported that the populations of H. hampei and the parasitoid Cephalonomia
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Received: 18.viil 2022 stephanoderis Betrem (Hymenoptera: Bethylidae) increased significantly at the beginning
Fﬁg‘?l,xre)s;/ver"\;lg'x 2022 of the fruit maturation period (between March and April) (De Souza et al. 2014).

lglcfbe/ﬁtheg&-zfngiozzozzz Ethylene plays an important role in physiological and phenological processes, including
T flowering and fruit ripening (Pereira et al. 2005; Sicio et al. 2013; SAcio et al. 2014). The highest

~ Corresponding author: production of ethylene is achieved during flowering and at the initiation of maturation

Moisés Santos de Souza of coffee fruits (Perera et al. 2005). In this phenological phase of coffee development,
B moisesantos@ufam.edu.br the female colonizers of H. hampei increase their flight activity in search of new fruits to
Funding agencies: bore and deposit eggs. In this context, it is known that the phytohormone ethylene acts
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" EntomoBrasilis Despite the lack of information about the role of ethylene in the olfactory behavior of the

‘ “@[@@ﬂ@ﬁ@ Check coffee berry borer, it is known that this compound attracts some species of Coleoptera of
— the Curculionidae family (Campos et al. 1994; Groen & WHiTEman 2014). Moreover, modern
integrated pest management tactics use ethylene for the attraction and maintenance of
natural enemies of pests in and around plantations (RobriGues-Saona et al. 2012). Among
© The Author(s) 2022. Published by Fhe broad range of insect orders.that are natqral enemies of pests, Hymenoptera is
Entomologistas do Brasil important for the control of pest insect populations (Pereira et al. 2015). Species of the
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Licence 4.0 (CC-BY) Formicidae are used in the biological control of H. hampei (BustiLLo et al. 2002). Studies
® regarding the richness of ant species in coffee plantations highlighted the importance of
the quality of crop management for the maintenance and preservation of these insect

species in plantations and reported the dominance of species of the genus Solenopsis, the

Article Full Open Access generalist feeding habits of which enable them to prey on H. hampei (Dias et al. 2008).

Ethylene-baited traps used for the capture of H. hampei were evaluated during the
period of coffee fruit maturation (Coffea canephora) in the experimental field of Embrapa
Rondbnia located in the municipality of Porto Velho, Ronddnia state, Brazil. The traps
were analyzed in a pesticide-free plot wherein 16 rows were planted with approximately
500 plants spaced at 3.0 and 2.0 m. Impact traps made from 2 L polyethylene bottles
with a lateral rectangular opening measuring 12 and 9 cm were used in the experiments.
Glass vials (10 mL) with rubber stoppers were used as diffusers, and a small hole was
made in each vial for the insertion of metal straws with a diameter of 3.8 mm, through
which the volatile compounds were released. Overall, 7 mL of a mixture containing the
phytoregulator ethephon (2-chloroethylphosphonic acid; Ethrel® 240), sodium hydroxide
(NaOH), and distilled water was added to each diffusor for the production and volatilization
of ethylene, according to the method described by Catso et al. (2010). A mixture of ethanol
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and methanol (Quimica Moderna®) at a ratio of 1:1 and
concentration of 99.8% and 99.5%, respectively, was used as
a control.

The traps were equidistantly distributed in six blocks
(row of plants) following a completely randomized
experimental design. Three traps with their respective
treatment compounds were installed per block: ethylene,
ethanol-methanol, and distilled water (control). Each block
represented a repetition of each evaluated treatment. Each
trap was installed between the plants at a height of 1.2 m
and a distance of approximately 20 m between the traps,
according to the methodological design of Durour & FrEroT
(2008).

The insect collection containers of the traps were filled with
water, detergent (1%), and ethylene glycol (J. T. Baker®) (10%),
and the insects that were caught in the containers were
collected weekly. Following the collection, the insects were
transported to the laboratory for sorting and counting and
separated through treatment. The traps were rotated within
each block after the weekly collection procedure for sample
homogenization. Collections were conducted for 9 weeks,
from March 6 to May 8, 2015. The data were square-root
transformed (SQRT) and subjected to analysis of variance
and the Scott-Knott mean test (p < 0.05). For population-level
analysis, the data underwent a logarithmic transformation
by determining the regression of log Y and log X using the
least squares method.

The average number of insects captured during the study
period demonstrated that ethylene did not attract H.
hampei compared to control traps (distilled water) but was
determinately attractive to hymenopterans (Figure 1). The
capture of insects of the order Hymenoptera attracted by
ethylene was importantly increased when the fruits began
to ripen and began to actually decrease only the sixth week
onward (Figure 2A). In contrast, during the same period, only
a few specimens of H. hampei were caught in the ethylene-
baited traps. However, from the sixth week onward, some
coffee berry borers were caught in the ethylene-baited traps
(Figure 2A). In this period, the evaluation of the ethanol-
methanol-baited traps confirmed the presence of H. hampei
in the crop because their capture was increased throughout
the sampling period, including the fruit maturation period,
indicating the presence of colonizing females in search
of suitable fruits (Figure 2B). This capture pattern was not
observed for hymenopteran insects with alcohol-baited
traps (Figure 2B). We also observed a decrease in the capture
of hymenopterans in the alcohol-baited traps from the sixth
week onward (Figure 2B).

Our results indicate that ethylene can attract insects
considered natural enemies of H. hampei. The relatively large
number of insects that were caught at the beginning of the
fruit maturation period using ethylene baits may be due to
the strategy developed by this species to use this volatile
compound as a synomone for seeking and finding hosts or
prey. The decrease in the number of insects captured from
the sixth week onward can be explained by the absence of
H. hampei in the fruits because the fruits were not suitable
for the deposition of eggs by colonizer females. However,
the damage caused by plant-eating insects induces the
synthesis of more ethylene by the plants (BROEKGAARDEN et al.
2015). For this reason, during the fruit maturation period, the
population density of hymenopteran insects may increase
in this environment for two reasons: a) the production of
ethylene by the plant due to the attack by H. hampei and b)
the presence of many host fruits suitable for colonization.
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Figure 1. Average number of coffee berry borers caught in the
baited traps containing ethanol:methanol, ethylene, or distilled
water (Control) during the fruit maturation of Coffea canephora. The
data refer to collections conducted at Embrapa experimental farm in
Porto Velho Ronddnia. Data transformed into the square root of the
Y +1.0-SQRT (Y + 1.0). Averages followed by different letters indicate
statistically significant differences using the Scott-Knott mean test (p
<0.05).
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Figure 2. (A): Average number of coffee berry borers and
hymenopteran insects collected during a nine weeks follow up in
ethylene-baited traps (A) and in ethanol-methanol-baited traps. The
collections occurred during the period of fruit maturation (March to
May) in coffee (Coffea canephora) plantations at the experimental
field of Embrapa in Porto Velho, Rondénia.

The results also suggest a repellency effect of ethylene on the
H. hampei population and that this phytohormone is used by
several plant species as a repellant (Groen & WHITEMAN 2014).
This characteristic may be a consequence of the strategy of
these insects to avoid encounters with their natural enemies.
Therefore, the excess water in coffee fruits during plant
maturation may not be the only factor that prevented the
boring of fruits by H. hampei at this phenological stage (De
Souza et al. 2015). Ethylene in the fruits may function as a
signal for the pests to leave the fruit until it is more suitable
and the insects are less vulnerable to attack by natural
enemies.

Although ethylene is an important semiochemical in
interactions that involve more than one trophic level in
the environment, this study is the first to evaluate the role
of ethylene in the behavior of H. hampei and its natural
enemies. Our results could serve as the foundation for
future studies on this compound and the chemical ecology
of this pest. In this context, H. hampei may have elicitors that
trigger a metabolic response in the plant for the production
of ethylene.

The results presented here suggest that ethylene is involved
in the foraging behavior of the natural enemies of the coffee
berry borer. This study was conducted to test the hypothesis
that ethylene functions as a kairomone for pest insects.
However, our results indicated that it is more likely that this
compound served as a synomone to ants, wasps, and C
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canephora.

The complex trophic interactions between H. hampei,
its natural enemies, and coffee plants still need to be
understood. Therefore, additional studies on the role of
ethylene in the integrated management of H. hampei are
necessary. Moreover, chemical, phenological, and ecological
studies are essential to clarify the behavior of insects of
economic importance to coffee production.

ACKNOWLEDGMENTS

We are grateful to the research group: Integrated Fitossanity
and Amazon Biome, FIBAM; EMBRAPARond6nia; the Conselho
Nacional de Desenvolvimento Cientifico e Tecnolégico,
CNPg; and the Coordenacao de Aperfeicoamento de Pessoal
de Nivel Superior, CAPES, for their support.

REFERENCES

Botelho, JF, RS Queiroz, MR Dos Anjos & MS De Souza,
2021. Population dynamics of Hypothenemus hampei
(Coleoptera: Scolytidae) in agroforestry and monoculture
systems of conilon coffee in the southern portion of the
state of Amazonas, Brazil. Revista Arvore, 45: 1-9. DOI:
https://doi.org/10.1590/1806-908820210000024

Broekgaarden, C, L Caarls, IA Vos, CM] Pieterse & SCM Van
Wees, 2015. Ethylene: traffic controller on hormonal
crossroads to defense. Plant Physiology, 169: 2371-2379.
DOI: https://doi.org/10.1104/pp.15.01020

Bustillo, AE, R Cardenas & FJ Posada, 2002. Natural Enemies
and Competitors of Hypothenemus hampei (Ferrari)
(Coleoptera: Scolytidae) in Colombia. Neotropical
Entomology, 31:635-639. DOI: https://doi.org/10.1590/
S$1519-566X2002000400018

Calbo, AG, PC Spricigo & MD Ferreira, 2014. Diluices em
cilindros pressurizados para aplicagdes bioldgicas:
CO, e etileno. (Dilutions on pressurized cylinders for
biological applications: CO, and ethylene). Embrapa
Instrumentacdo, 2010. 5p. (Comunicado Técnico, 113).
Available  in:  <https://ainfo.cnptia.embrapa.br/
digital/bitstream/item/77116/1/CT113-2010.pdf>.

Campos, M, A Pefla & AJ Sadnchez Raya, 1994. Release of
ethylene from pruned olive logs: Influence on attack by
bark beetles (Coleoptera, Scolytidae). Journal of Chemical
Ecology, 20: 2513-2521. doi: https://doi.org/10.1007/
BF02036188

De Souza, JC, PR Reis, RA Silva & MA De Toledo, 2015.
Cafeicultor: saiba como monitorar e controlar a broca-
do-café com eficiéncia. Belo Horizonte: EPAMIG (Circular
Técnica, 205). Available in: <http://www.sapc.embrapa.
br/arquivos/consorcio/circulartecnica/Cafeicultor_
saiba_como_monitorar_e_controlar_a_broca_do_

0

cafe_com_eficiencia.pdf>.

De Souza, MS, AA Silva, CAD Teixeira & JNM Costa, 2014.
ParasitismonaPopulagdodaBroca-do-Café Hypothenemus
hampei (Ferrari) (Coleoptera: Curculionidae), pelo
Parasitoide Cephalonomia stephanoderis Betrem
(Hymenoptera: Bethylidae). EntomoBrasilis, 7: 178-182.
DOI: https://doi.org/10.12741/ebrasilis.v7i3.402

Dias, NS, R Zaneti, MS Santos, ] Louzada & ] Delabie, 2008.
Interagao de fragmentos florestais com agroecossistemas
adjacentes de café e pastagem: respostas das
comunidades de formigas (Hymenoptera, Formicidae).
lheringia, Série Zoologia, 98: 136-142. DOI: https://doi.
org/10.1590/50073-47212008000100017

Dufour, BP & B Frérot, 2008. Optimization of coffee berry
borer, Hypothenemus hampei Ferrari (Col., Scolytidae),
mass trapping with an attractant mixture. Journal of
Applied Entomology, 132: 591-600. DOI: https://doi.
org/10.1111/j.1439-0418.2008.01291.x

Groen, SC & NK Whiteman, 2014. The evolution of ethylene
signaling in plant chemical ecology. Journal of Chemical
Ecology, 40: 700-716. DOI: https://doi.org/10.1007/
s10886-014-0474-5

Pereira, AG, RB Silva, MM Dias & AM Penteado-Dias, 2015.
Study on the Hymenoptera parasitoid associated with
Lepidoptera larvae in reforestation and agrosilvopastoral
systems at Fazenda Canchim (Embrapa Pecuaria Sudeste)
Sdo Carlos, SP, Brazil. Brazilian Journal of Biology, 75: 789-
789. DOI: https://doi.org/10.1590/1519-6984.21913

Pereira, LFP, RM Galvdo, AK Kobayashi, SMB Cac¢do & LGE
Vieira, 2005. Ethylene production and acc oxidase gene
expressionduringfruitripeningofCoffeaarabical.Brazilian
Journal of Plant Physiology, 17: 283-289. DOI: https://doi.
org/10.1590/51677-04202005000300002

Rodrigues-Saona, C, BR Blaauw & RIsaacs, 2012. Manipulation
of natural enemies in agroecosystems: habitat and
semiochemicals for sustainable insect pest control, pp. 89-
126. In: Larramendy, ML & S Soloneski (Eds.). Integrated
Pest Management and Pest Control - Current and Future
Tactics, InTech. DOI: https://doi.org/10.5772/30375

Sagio, SA, AA Lima, HG Barreto, CHS De Carvalho, LV Paiva & A
Chalfun-Junior, 2013. Physiologicaland molecular analyses
of early and late Coffea arabica cultivars at different
stages of fruit ripening. Acta Physiologiae Plantarum, 35:
3091-3098. DOI: https://doi.org/10.1007/s11738-013-
1342-6

Sagio, SA, HG Barreto, AA Lima, RO Moreira, PM Rezende,
LV Paiva & A Chalfun-junior, 2014. Identification and
expression analysis of ethylene biosynthesis and
signaling genes provides insights into the early and late
coffee cultivars ripening pathway. Planta, 239: 951-963.
DOI: https://doi.org/10.1007/s00425-014-2026-1

*kkkkkkkkk



https://www.entomobrasilis.org
https://doi.org/10.1590/1806-908820210000024
https://doi.org/10.1104/pp.15.01020
https://doi.org/10.1590/S1519-566X2002000400018
https://doi.org/10.1590/S1519-566X2002000400018
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/77116/1/CT113-2010.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/77116/1/CT113-2010.pdf
https://doi.org/10.1007/BF02036188
https://doi.org/10.1007/BF02036188
http://www.sapc.embrapa.br/arquivos/consorcio/circulartecnica/Cafeicultor_saiba_como_monitorar_e_controlar_a_broca_do_cafe_com_eficiencia.pdf
http://www.sapc.embrapa.br/arquivos/consorcio/circulartecnica/Cafeicultor_saiba_como_monitorar_e_controlar_a_broca_do_cafe_com_eficiencia.pdf
http://www.sapc.embrapa.br/arquivos/consorcio/circulartecnica/Cafeicultor_saiba_como_monitorar_e_controlar_a_broca_do_cafe_com_eficiencia.pdf
http://www.sapc.embrapa.br/arquivos/consorcio/circulartecnica/Cafeicultor_saiba_como_monitorar_e_controlar_a_broca_do_cafe_com_eficiencia.pdf
https://doi.org/10.12741/ebrasilis.v7i3.402
https://doi.org/10.1590/S0073-47212008000100017
https://doi.org/10.1590/S0073-47212008000100017
https://doi.org/10.1111/j.1439-0418.2008.01291.x
https://doi.org/10.1111/j.1439-0418.2008.01291.x
https://doi.org/10.1007/s10886-014-0474-5
https://doi.org/10.1007/s10886-014-0474-5
https://doi.org/10.1590/1519-6984.21913
https://doi.org/10.1590/S1677-04202005000300002
https://doi.org/10.1590/S1677-04202005000300002
https://doi.org/10.5772/30375
https://doi.org/10.1007/s11738-013-1342-6
https://doi.org/10.1007/s11738-013-1342-6
https://doi.org/10.1007/s00425-014-2026-1

