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Exposure to cyantraniliprole causes mortality
and disturbs behavioral and respiratory
responses in the coffee berry borer
(Hypothenemus hampei)
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José C Zanuncio,© Maria Elisa de S Fernandes,? Raul Narciso C Guedes®
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Abstract

BACKGROUND: Hypothenemus hampei Ferrari (Coleoptera: Curculionidae) is the main pest of coffee due to the damage caused to
coffee berries. Effective management methods and prevention of insecticide resistance are urgently needed against this insect.
Bioassays were conducted to assess the effects of the diamide insecticide cyantraniliprole on H. hampei. Cyantraniliprole is the
most recent compound registered against this species after the phasing out of endosulfan, the main insecticide historically used
against the coffee borer for the past 30 years. Toxicity, survival, progeny production, respiration rate, and behavioral responses
to cyantraniliprole were evaluated.

RESULTS: Cyantraniliprole was toxic to adult H. hampei (LC;, = 0.67 mg mL~" and LCy, = 1.71 mg mL~"). Adult survival was 95%
without exposure to cyantraniliprole, decreasing to 52% in insects exposed to LC;, cyantraniliprole and 27% in insects treated
with LC,, cyantraniliprole. Furthermore, H. hampei showed reduced mobility on insecticide-treated surfaces. The insecticide also
led to a decrease in the respiration rate of H. hampei for up to 3 h after exposure, altering behavioral responses and locomotor
activity.

CONCLUSION: Cyantraniliprole exhibits lethal and sublethal effects on H. hampei and can be used in rotation in integrated pest
management programs for control of this species in coffee cultivation systems.
© 2019 Society of Chemical Industry
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1 INTRODUCTION making control difficult. Because of the high level of infestation

Hypothenemus hampei Ferrari (Coleoptera: Curculionidae) is the anq rapiq .spree.:d of H. hampei if‘ Bl;azilian coffee farmé, the use
most damaging pest of coffee berries worldwide.! The insect is of insecticides is common practice.” Female H. hampei lay their
native to Africa but has spread to coffee-producing countries in €995 and crawl out of the berry during the inter-harvest period,
the Americas as a result of the introduction of infested seeds.2 then fly to find and colonize other berries. It is during this period
Hypothenemus hampei females colonize immature and mature that they can be exposed to chemical agents.'® Insecticides such

berries of Coffea arabica Linnaeus and Coffea canephora Linnaeus as a-cypermethrin, chlorpyrifos, cyfluthrin, deltamethrin, dieldrin,
(Gentianales: Rubiaceae).? Adults attack 8-32-week-old coffee fenpropathrin, thiamethoxam, and triazophos have been used

berries by tunneling into the endosperm, where females deposit to control H. hampei, but endosulfan is the preferred compound

their eggs. Consequently, damage caused by H. hampei reduces

the yield and quality of the final product, resulting in considerable ] . o ]
* Correspondence to: FL Fernandes, Instituto de Ciéncias Agrdrias, Univer-

. 4 .
economic losses for farmers.* Damage caused by H. hampei cre sidade Federal de Vigosa, 38810-000 Rio Paranaiba, Minas Gerais, Brazil.
ates entry sites into coffee berries for phytopathogens,” such as E-mail: flaviofernandes@ufv.br

Erwinia stewartii (Smith) and Erwinia salicis (Day) Chester (Enter-
obacteriaceae), Aspergillus niger van Tieghem (Trichocomaceae),
and Fusarium solani (Mart.) Sacc. (Nectriaceae).>%’

a Instituto de Ciéncias Agrdrias, Universidade Federal de Vicosa, Rio Paranaiba,
Minas Gerais, Brazil

In Brazil, control methods including the use of ento- b Departamento de Biologia Geral, Universidade Federal de Vigosa, Vigosa, Minas
mopathogenic fungi and ethanol/methanol traps have not Gerais, Brazil
been effective against H. hampei populations.® The insect com- ¢ Departamento de Entomologia, Universidade Federal de Vicosa, Vicosa, Minas
pletes its entire life cycle within the seed of the coffee berry, Gerais, Brazil
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due to its reliably high efficacy.>'"'? Insecticides can act by con-
tact and/or ingestion and cause neurotoxicity, which may be
lethal. Application of insecticides is a common method used to
manage pest populations and reduce coffee seed damage.'?
However, insecticide resistance, particularly to endosulfan, has
been reported in H. hampei."

New insecticides with modes of action different from
organochlorines and pyrethroids are needed to replace endo-
sulfan and other currently used but less effective alternatives.
These compounds are neurotoxins interfering with several neural
targets including acetylcholine receptors, y-aminobutyric acid
(GABA) receptors and sodium channels, also potentially impairing
respiratory and chitin synthesis pathways.'* Calcium channels are
also a physiological target for insecticides because they regulate
cell functions involving muscle contraction and neurotransmitter
release.’”” Coordinated muscle contraction involves activation of
two distinct classes of calcium channels: voltage-gated chan-
nels that allow the entry of calcium, and ryanodine receptor
channels that regulate the release of internal calcium stores.'
Anthranilic diamides are a novel class of chemical insecticides
that act by promoting the release of intracellular Ca?* stores
through the activation of ryanodine receptors."” Within this
chemical group, cyantraniliprole is a broad-spectrum insecti-
cide active on Coleoptera, Diptera, Hemiptera, Lepidoptera, and
Thysanoptera.'®=22 The efficacy of cyantraniliprole has been
demonstrated against coffee pests, leading to its current pattern
of frequent use.?>?* However, it remains unknown how this insec-
ticide affects locomotor activity and respiration in an insect as
cryptic as H. hampei.

In this research, the effects of cyantraniliprole on H. hampei sur-
vivorship, larval production, respiration rate, and locomotor activ-
ity were evaluated. Our objective was to contribute to understand-
ing how this diamide insecticide acts and achieves control of the
coffee berry borer, as the current main replacement for endosulfan
against this pest species.

2 MATERIALS AND METHODS

2.1 Insects

In the field, 849 adults of H. hampei (228 male, 621 female) were
captured manually during the day between March and June 2017
at a 5-year-old coffee farm in the county of Vicosa, State of Minas
Gerais, Brazil (20°45’S 42°52'W). Borer presence was recognized by
perforation of the berry or its presence at the fruit exit role. The
collected insects were transferred from the field to the Laboratory
of Biological Control of the Federal University of Vicosa for mass
rearing. Adult borers were placed in plastic trays (60cm long
X 40cm wide X 12cm high) in the dark at 25+ 1°C, 70 + 10%
relative humidity, and provided with mature 22-week-old coffee
berries. Coffee berries were observed daily until adult emergence.
Newly emerged (24h old) H. hampei adults without apparent
malformations were used in the bioassays.

2.2 Concentration-mortality bioassay

Cyantraniliprole (100gL™", Benevia® OD, Dupont, Alphaville,
Brazil) was diluted in 10 mL of distilled water to obtain a stock
solution. Six concentrations of cyantraniliprole were then pre-
pared and used to assess insecticide toxicity and determine
relevant toxicological endpoints; a dilution series of concentra-
tions ranging from 0.3 to 10 mgmL~" was used to determine
concentration—mortality relationship and lethal concentra-
tion (LC). Distilled water was used as a control. Each solution

(0.25 pL) was applied to the body of 50 H. hampei adults (48 h
old) using a 1 pL microsyringe (7001 KH, Hamilton Storage GmbH,
Domat/Ems, Switzerland). Insects were placed individually in
glass vials (2.5 x 8 cm) with a perforated cap for ventilation and
absorbent paper, provided with coffee berries, and maintained in
darkness. Three replicates of 50 insects each were used for each
of the six concentrations tested following a completely random
design. The number of dead adults in each vial was counted after
96 h.

2.3 Time-mortality bioassay

Time—mortality bioassays for H. hampei using insecticide concen-
trations obtained in the concentration—mortality bioassay were
carried out to further determine the lethal toxicity. Adults of H.
hampei were exposed to LCy, LCs,, LC,5, and LCy, of cyantranilip-
role, as determined in the toxicity bioassay, by recording mortality
every 12 h for 96 h. Exposure procedures, conditions, and number
of insects were as described above for the toxicity test. Three repli-
cates of 50 insects each were used for each insecticide concentra-
tion following a completely random design.

2.4 Larval production

Coffee berries were immersed for 5 s in cyantraniliprole concen-
trations corresponding to the LC,, and LC,,. After drying for 24 h,
the berries were provided to adult insects (one berry for ten adult
insects) allowing their colonization (i.e., egg-laying) inside glass
vials (2.5 X 8 cm). Ten berries containing one insect each were used
for each concentration (and control). Single coffee berries colo-
nized by H. hampei were X-rayed using an MX-20 specimen radiog-
raphy system equipped with a 14-bit digital camera (Faxitron X-Ray
Corp., Wheeling, IL, USA). The location of larvae within the coffee
berry was digitally recorded throughout larval development at 1,
5,10, 15, and 20 days after egg-laying. The number of live larvae
per coffee berry was recorded.

2.5 Behavioral responses

Adult H. hampei were placed in a Petri dish (90 x 15 mm) lined
with filter paper (Whatman no. 1). The inner walls of the Petri dish
were covered with polytetrafluoroethylene (Dupont®, Barueri, SP,
Brazil) to prevent insect escape. Behavioral response bioassays
were conducted in arenas in which half was treated with 250 pL
of cyantraniliprole dissolved in distilled water (LC;, or LCy,); dishes
treated with distilled water only were used as the control. One H.
hampei adult was released in the center of the insecticide-treated
arena (on filter paper) and kept in the Petri dish for 10 min.
Twenty-five insects were used for each lethal concentration, fol-
lowing a completely randomized design. For each insect, walking
activity within the arena was recorded using a digital camcorder
(XL1 3CCD NTSC, Canon, Lake Success, NY, USA) equipped with a
x16 video lens (Zoom XL 5.5-88 mm, Canon). A video-tracking sys-
tem (ViewPoint LifeSciences, Montreal, Quebec, Canada) was used
to analyze the videos and measure the distance insects walked
and the time spent resting on each half of the arena. Insects that
spent < 1s on the insecticide-treated half of the arena were con-
sidered repelled, whereas those that spent < 50% of the time on
the insecticide-treated surface were considered irritated.?>2%

2.6 Respiration rate
Respiration rate bioassays were conducted for 3 h after H. ham-
pei adults were exposed to cyantraniliprole (LCy, and LC,, values),
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according to the procedures detailed in Section 2.2. Insects treated
with distilled water were used as a control. Carbon dioxide (CO,)
production (pL CO, h~" insect™") was measured with a TR3C CO,
analyzer (Sable System International, Las Vegas, NV, USA) using
methods adapted from previous studies.?”?¢ An adult of H. hampei
(female or male) was placed in each respirometry chamber (25 mL)
connected to a closed system. After insect acclimation, CO, pro-
duction was measured for 12 h at 27 + 2 °C. Subsequently, com-
pressed oxygen (99.99% pure) was introduced into the chamber
at 100 mL min~" for 2 min. The gas flow forces the CO, through an
infrared reader, which continuously measures the CO, held inside
the chamber. Before and after the experiment, H. hampei adults
were weighed on an analytical balance (Sartorius BP 210D, Gét-
tingen, Germany). Fifteen replicates were used for each insecti-
cide treatment and control following a completely randomized
design.

2.7 Statistical analyses

Concentration—-mortality data were subjected to probit analy-
sis, generating a concentration-mortality curve.?® Time-mortality
data were subjected to survival analyses using Kaplan-Meier
estimators (log-rank test) through Origin Pro v. 9.1 software.>
The number of H. hampei adults that survived until the end of
the experiment was treated as censored data. Larval production
and behavioral response data were analyzed by one-way analy-
sis of variance (ANOVA), and Tukey’s honestly significant differ-
ence (HSD) test was also used for comparison of means at the
5% significance level. Respiration rates were subjected to two-way
ANOVA and Tukey's HSD test (P < 0.05). Larval production, behav-
ioral response, and respiration rates were arcsine transformed to
meet assumptions of normality and homoscedasticity. The exper-
iments were conducted using a completely randomized design.
Toxicity, larval production, behavioral response, and respiration
rate data were analyzed using SAS for Windows v. 9.0.3

3 RESULTS

3.1 Toxicity

The concentration—mortality model used was suitable (P> 0.05),
confirming the toxicity of cyantrantraniliprole to the coffee berry
borer and allowing estimates of the desired toxicological end-
points for subsequent use (Table 1). Mortality remained < 1% in
the control group.

3.2 Survival analysis

Survival analysis of H. hampei adults exposed to different lethal
concentrations of cyantraniliprole indicated significant differences
among cyantraniliprole concentrations (log-rank test; y? =65.13;
df =4; P <0.007); survival time decreased with insecticide concen-
tration (Fig. 1). After 96 h of exposure, survival was 95.7% for unex-
posed adults decreasing to 65.2% at LC,5, 52.4% to LC,,, 44.9% to
LC,5, and 27.8% to LCyy.

3.3 Larval production

Exposure to cyantraniliprole reduced the number of live H. ham-
pei larvae (Fig.2). Hypothenemus hampei larvae were present
in higher numbers in the control and LCg, groups, but in lower
numbers at LCqy,. The number of larvae was different after 15 days
(F1,=13.61; P<0.001) and 20days (F,,,=10.95 P<0.001)
(Table 2). We were not able to detect larvae before 15days of
development.

Table 1. Lethal concentrations of cyantraniliprole against Hypothen-
emus hampei after 24h exposure obtained from probit analysis
(df =5, Slope + SE=1.143 + 0.53, intercept = 2.032)
95%
Estimated confidence
No. of Lethal concentration interval 72
insects concentration (mgmL~") (mgmL~") (P-value)
150 LCys 0.127 0.082-0.176 14.91(0.79)
150 LCsy 0.670 0.571-0.759
150 LCys 1.136 0.882-1.348
150 LCq 1.716 1.353-2.109
150 LCq 2.621 1.879-4.025
1.0 =
1
0.8
=
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5 1 ——LC,=0.12mg mL"
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Figure 1. Survival curves of Hypothenemus hampei adults exposed to
different lethal concentrations subjected to survival analyses using the
Kaplan—Meier estimators log-rank test (log-rank y2 =65.13; P <0.001).

3.4 Behavioral responses

Representative walking tracks for H. hampei adults released onto
half-treated arenas are shown in Fig. 3. The distance traveled was
higher in the control and LC;, exposure groups than under LC,,
exposure. The resting period was longer in the control group than
in the LGy, and LGy, groups (F,,; =9.54, P <0.001) (Fig. 4). The
distance traveled by H. hampei exposed to insecticide was greater
than that of unexposed insects (F, ,; = 5.74; P < 0.015) (Fig. 4).

3.5 Respiration rate

The respiration rate (uL CO, h~" insect™") of H. hampei was different
(F,g9 =8.98, P < 0.001) when exposed to chlorantraniliprole at LCs,
and LC,,, and decreased between 1 and 3 h (Fig. 5).

4 DISCUSSION

The toxicity of cyantraniliprole to the coffee berry borer, H. ham-
pei was determined from bioassays performed under laboratory
conditions. Cyantraniliprole was toxic to adult H. hampei and had
a strong effect upon topical application (LCs, =0.67 mgmL~" and
LCgo =1.71 mg mL™"). The insecticide caused mortality in H. ham-
pei in a concentration-dependent manner, as reported for other
insects.' =" Hypothenemus hampei individuals exposed to high
concentrations of cyantraniliprole (LCs, and LCy,) displayed altered
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Figure 2. Temporal sequence of X-ray pictures showing the number of live Hypothenemus hampei (larvae and adults) within a single coffee berry colonized
after 20 days exposure to cyantraniliprole. Larvae (L) and adults (A) are indicated, and arrows denote initial damage in coffee berry.

Table 2. Larvae of Hypothenemus hampei found in coffee berries
treated with cyantraniliprole (control, LCsq and LCq, estimated values).
Treatments (mean + SEM) differ at P < 0.05 (Tukey’s mean separation
test)

Insecticide treatments

Time after

exposure (days) Control LCs LCq

15 3.07+0.71a 342+0.73a 0.21+0.15b
20 4.62 +0.95a 4.25+0.58a 0.43 +0.24b

Values in the same column with different letters show significant
differences by Tukey’s HSD test at the P < 0.05 level.

locomotor activity. Some individuals suffered paralysis with no
signs of recovery when exposed to LCg,. In this case, symptoms

in H. hampei were consistent with the known effect of ryanodine
receptor agonists. The susceptibility of other curculionid pests
such as Anthonomus eugenii Cano,?' Dendroctonus ponderosae
Hopkins,3? and Listronotus maculicollis Kirby** may vary depending
on the method of exposure to cyantraniliprole (contact or inges-
tion). In general, few insecticides are effective against H. hampei.
Our findings highlight the need to adopt novel molecules for man-
agement of H. hampei, and this is reinforced by reports of insecti-
cide resistance in this species.’

Extended periods of exposure to cyantraniliprole, from 12 to
96 h, were needed to induce mortality in H. hampei. Survival of
H. hampei is associated with the slow action of cyantraniliprole.
Anthranilicamides are slow-acting molecules that cause moderate
topical and ingestion toxicity,>-3¢ whereas a more rapid response
has been observed in sucking pests.'®?° In this case, scolytid bee-
tles are able to feed but die later on. One possible explanation for

Figure 3. Representative tracks showing the walking activity of Hypothenemus hampei over a 10-min period on filter paper arenas half-impregnated with
cyantraniliprole (upper half of each arena). Red tracks indicate high walking velocity; green tracks indicate low (initial) velocity.

wileyonlinelibrary.com/journal/ps

© 2019 Society of Chemical Industry

Pest Manag Sci (2019)



Cyantraniliprole lethal and sublethal effects in Hypothenemus hampei

@)
SCI

WWW.50Ci.org

2 a
c
@
E LCsoq —
g |
= b
0 1000 2000 3000 4000 5000

Walked distance (cm)

8
o
% LCs0 Fl
= a
0 100 200 300 400 500

Resting time (s)

Figure 4. Distance walked and resting time (mean + SEM) of Hypothenemus hampei subjected to cyantraniliprole (control, LCs, and LCqy, estimated values)
for 10 min. Treatments (mean + SEM) differ at P < 0.05 (Tukey’s mean separation test).
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Figure 5. Respiration rate (mean + SEM) of Hypothenemus hampei expo-
sure to cyantraniliprole (control, LC5q and LCq, estimated values) for 3 h.
Treatments (mean + SEM) differs at P < 0.05 (Tukey’s mean separation test).

the insecticide’s slow action is that efficacy may be affected by
penetration of cyantraniliprole into the exoskeleton of H. hampei
compared with that of other insects. Our results showed that H.
hampei had lower survival probability at cyantraniliprole concen-
trations > 1.71 mg mL~" during prolonged exposure.

The number of H. hampei larvae per coffee berry varied through-
out the colonization period. The results show that the number
of live larvae declined under LC,, exposure. The action of insec-
ticides throughout the developmental stages has been reported
in several insect pests, affecting intrinsic population growth rate,
longevity, survival, and reproduction.’’=3° Our study suggests
that cyantraniliprole causes larvae mortality and compromises
progeny production by adults of H. hampei.

The behavioral response assay indicated that cyantraniliprole
had a substantial effect on H. hampei. Changes in walking pat-
terns occur as a result of the action of toxic compounds on the
nervous system, which either stimulate or reduce insect mobility.
Various insect pests show altered behavioral responses when
exposed to insecticides; insects are reported to leave toxic envi-
ronments as soon as they detect toxic compounds.?’#%4! Studies
show that synthetic insecticides can disrupt recognition of the
host substrate, influencing the olfactory orientation and walking
behavior of insects.*?=# Volatile insecticides may enter insects
through the spiracles and tracheae during respiration.** Our
results indicate that H. hampei exhibits behavioral avoidance by
means of repellence to cyantraniliprole, minimizing contact with
insecticide-contaminated surfaces. In addition, cyantraniliprole

also impaired walking activity in the coffee berry borer indicating
a significant sublethal effect that likely enhances exposure.

Cyantraniliprole negatively affected the respiration rate of H.
hampei indicating physiological stress caused by the insecticide.
Similar results have been reported for other insects exposed to
insecticides.*#547 This decrease would be linked to the decrease in
their behavioral response and locomotor activity. It was expected
that higher levels of walking activity would result in higher
metabolism and a higher respiration rate. Oxygen reduction has
been related to the disruption of oxidative phosphorylation and
respiratory processes.*®*° In this study, H. hampei adults exposed
to cyantraniliprole had low respiration rates, which further unbal-
ance the organism physiology.

The insecticidal potential of cyantraniliprole against H. hampei
was studied. Our results show that cyantraniliprole causes high
mortality, reduces survival time and progeny production, in addi-
tion to changing walking activity and lowering the respiration rate
of H. hampei. Thus, cyantraniliprole exhibits lethal and sublethal
effects on H. hampei and can be used as an alternative to other syn-
thetic insecticides, aiding efforts to manage insecticide resistance.
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