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ABSTRACT

Volatile organic compounds (VOCs) from guava (Psidium guajava L.) reproductive tissues (flower bud, open 
flower, petal fall, fruit setting, and fruit growth) were collected in situ during the day by headspace-solid phase 
microextraction (HS-SPME), and from flower bud and fruit setting by dynamic headspace (DHS). The samples 
were analyzed by GC-MS to separate and identify VOCs produced by guava, which potentially could attract 
the guava weevil (Conotrachelus psidii Marshall, Coleoptera: Curculionidae), one of the most important pests 
of guava plants in Colombia and Brazil. The terpenes β-caryophyllene, limonene, and copaene (tentatively 
identified) were present in all of the guava reproductive tissues, being the major constituents in flower bud and 
fruit setting, the two guava stages where C. psidii is commonly found. Additionally, the volatile compounds 
released by male and female insects were separately collected by HS-SPME, and comparatively analyzed by 
GC-MS. As result, some of volatile detected in the guava reproductive tissues were also released from insects. 
The behavioral response of the volatile blends and the above-mentioned compounds was studied in a Y-tube 
olfactometer bioassay, allowing confirming the presence of host kairomones in the guava reproductive tissues.

Key	words: Semiochemicals, behavioral response, guava VOCs.
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RESUMEN

Los compuestos orgánicos volátiles (VOCs) presentes en los tejidos reproductivos (yema floral, flor abierta, 
flor seca, fruto cuajado, fruto inmaduro) de la guayaba (Psidium guajava L.) se recolectaron durante el día in 
situ utilizando la técnica de headspace-micro extracción en fase sólida (HS-MEFS), y del fruto cuajado y la 
yema floral, por headspace dinámico (DHS). Las muestras se analizaron por CG-EM para separar e identificar 
los VOCs producidos por la guayaba, que potencialmente pueden atraer el picudo de la guayaba (Conotrach-
elus psidii Marshall, Coleoptera: Curculionidae), una de las plagas más importantes de guayaba en Colombia 
y Brasil. Los terpenos β-cariofileno, limoneno y el copaeno (identificado tentativamente) se encontraron en to-
dos los tejidos reproductivos de la guayaba, siendo los mayoritarios en la yema floral y el fruto cuajado, los dos 
estados donde comúnmente se encuentra el C. psidii. Adicionalmente, los compuestos volátiles producidos 
por insectos adultos machos y hembras se recolectaron separadamente por HS-MEFS y se analizaron com-
parativamente por GC-EM. Como resultado se encontró que algunos de los compuestos volátiles detectados 
en los tejidos reproductivos de la guayaba fueron liberados también por los insectos. La respuesta de compor-
tamiento frente a la mezcla de compuestos volátiles y a los compuestos puros mencionados anteriormente fue 
evaluada mediante bioensayos en un olfatómetro en Y, confirmando la presencia de cairomonas provenientes 
de los tejidos reproductivos de su hospedero.

Palabras	claves: Semioquímicos, respuesta de comportamiento, VOCs de guayaba.

INTRODUCTION

Guava (Psidium guajava L., Myrtaceae) is a tropi-
cal fruit widespread worldwide, being highly cultivat-
ed in India, Pakistan, Mexico, Brazil, Colombia, Thai-
land, Egypt, Indonesia, Malaysia, USA, and Australia 
(Singh, 2011). In Colombia, the guava production 
averaged 1.3 million tons per year over the past five 
years (Ministerio de Agricultura y Desarrollo Rural de 
Colombia, 2012). The fruit is known by its pleasant 
and intense aroma (Steinhaus et al, 2008; Steinhaus 
et al, 2009), a low fat content, and a high pectin, fiber, 
minerals, essential amino acids, and vitamin C con-
tents, which makes it a very healthy food and also a 
promising source of food value-added products (Os-
orio et al, 2011). However, one of the main limiting 
factors for its production in Colombia (Insuasty et al, 

2007), Brazil (Silva-Filho et al, 2012), México (Tafoya 
et al, 2010), and Venezuela (Boscán de Martínez and 
Cásares, 1980) is the damage caused by insect pests, 
such as the guava weevil, Conotrachelus psidii Mar-
shall (Coleoptera: Curculionidae), and C. dimidiatus, 
a related-species in México (Sánchez-Soto, 2011).

A protective role of volatile produced by wound-
ed guava against the Asian Citrus psyllid (syn Di-
aphorina citri Kuwayama) has been suggested; thus 
VOCs released from crushed and intact guava leaves 
(Psidium guajava L.) were collected by using static 
headspace SPME and comparatively analyzed by 
GC-MS (Rouseff et al, 2008). Later, Onagbola et al. 
(2011) performed comparative experiments in labo-
ratory olfactometers and in field, with and without 
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guava leaf volatiles and with synthetic dimethyl di-
sulphide (DMDS). They found that VOCs from guava 
leaves significantly inhibited attraction of D. citri to 
normally attractive host-plant (citrus) volatiles, and 
that field deployment of DMDS reduces densities 
of D. citri. In other study, behavioral and electro-
physiological responses of males and females of the 
Mexican fruit fly Anastrepha ludens (Loew) to guava 
volatiles were investigated in laboratory assays. As 
a conclusion, it was established that males and fe-
males were attracted to a synthetic mixture of eight-
volatile compounds identified in the plant, which 
demonstrated the importance of the VOCs in this 
insect-plant interaction (Malo et al, 2005).

Conotrachelus psidii Marshall (Coleoptera: 
Curculionidae) is one of the most important pests 
of guava plants. The adults of C. psidii are small 
dark brown weevils (~6 mm long) with crepuscu-
lar habits. Adults emerge during a period of 20 to 
30 days in the rainy season and survive up to 435 
days under laboratory conditions. This aggressive 
pest causes irreparable damages (rottenness and 
petrifaction) inside the fruit due to the growing of 

larvae after female guava weevils oviposit in unripe 
fruits (Fig. 1). After fully-grown, larvae migrate to 
the soil and burrow it down to pupate, remaining 
there until weather conditions are favorable for the 
adult emergence. Insecticides do not control the 
infestation effectively because larvae are not killed 
due to their location inside the fruits or soil (Monroy 
and Insuasty, 2006). Silva-Filho et al. (2012) evalu-
ated the olfactory responses of the guava weevil to 
the odours of green and ripened fruits, leaves, and 
flower buds of P. guajava in a Y-tube olfactometer. 
They reported that flower buds odors were attrac-
tive to C. psidii males suggesting the presence of 
host plant kairomones. However, none of the VOCs 
involved in the signaling process of guava weevil 
and its host have been identified, yet.

Based on the studies performed with the Mexi-
can guava weevil (Conotrachelus dimidiatus), Tafoya 
et al. (2011) concluded that the use of guava volatile 
compounds as a lure can be a successfully alternative 
to control populations of the guava weevil. They sug-
gested that insect pheromones should be identified 
to increase the efficiency of insect capture. 

Figure 1. Damage of Conotrachelus psidii in guava fruit and photograph of adult insect. Photos: Edgar E. Daza, 2014.
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Semiochemicals can be successfully used to 
monitor and control pests as part of IPM (Insect 
Pest Management), due to lower costs, specificity, 
ease of use, and high sensitivity (Tewari et al, 2014). 
Thus, the aim of this work was to identify the volatile 
compounds released by five guava reproductive tis-
sues and C. psidii adults, and determine through 
laboratory behavioral assays if VOCs may elicit the 
insect responses. This knowledge is necessary for 
the development of a semiochemical-based tool 
for the control of this pest in guava cultivars, what is 
a medium-term target.

MATERIALS AND METHODS

Plant material
The VOCs of five reproductive tissues, flower bud 

(containing embryonic flower), open flower, petal 
fall (pollinated flower), fruit setting (fully developed 
fruit just before the onset of maturation), and fruit 
growth (~ 2.5 cm in diameter) (Fig. 2) (Salazar et al, 
2006; Solarte et al, 2010) of Psidium guajava were 
collected in situ. VOCs collection was performed on 
non-infested trees located at commercial orchards in 
Moniquirá, Boyacá, Colombia (5 55'26'' N, - 73 36' 
9'' W), periodically between April and May of 2011, 
2012, and 2013. In each year, the analyses of each 
part were done by triplicate and on the same plants, 
and always during 9 am until 12 pm, when the largest 
volatile production from guava tissues was detected.

Insects 
Conotrachellus psidii individuals were kept in 

plastic boxes at 20 ± 2 ºC and a relative humidity 
of 80 ± 10% with pieces of green guava fruits as 
food. Sexes were distinguished using a stereoscope 
Nikon SMZ800 (Nikon corporation, USA) based on 
the observation of the antenna insertion on the ros-
trum, hair on the abdomen surface, and structure 
of the tibiae structure on the forelegs (Silva-Filho 

Figure 2. In situ guava (Psidium guajava L.) reproductive tissues a) 
flower bud, b) open flower, c) petal fall, d) fruit setting, and e) fruit 
growth. Photos: Edgar E. Daza, 2013.
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et al, 2007). The audible sound that male weevils 
produce by stridulating of their abdomen in con-
trast to females that do not do it helped during sex 
differentiation (Silva-Filho, 2005). The photoperiod 
was set to 12 h:12 h L:D. The insect colonies were 
established from guava weevil adults of unknown 
age and mating status collected between April to 
July 2013, November to December 2013, and May 
to June 2014, by using beating tray method after 
shaking branches of the guava plants, from a man-
aged crop located in the Las Delicias (Puente Na-
cional, Santander, Colombia). The species Molyti-
nae, Conotrachelini, Conotrachelus psidii Marshall 
(1922), was confirmed by the taxonomist Dr. Sergio 
Vanin, from the Instituto de Biociências  (Universi-
dade de São Paulo, Brazil).

Volatile collection from guava tissues
Volatile compounds were collected in situ by us-

ing two different methodologies, headspace-solid 
phase microextraction (HS-SPME), and dynamic 
headspace collection (DHS) using polymer based 
sorbents (Tholl et al, 2006) in order to obtain extracts 
to test with the insects. For HS-SPME, two parts of 
each guava phenological phase were enclosed in 
polypropylene cups (355 mL, Darnel-Ajover, USA) 
with lids Teflon-lined, and for each case a 50/30 
μm divinylbenzene/carboxen/polydimethylsilox-
ane (DVB/CAR/PDMS) solid phase microextraction 
(SPME) fiber (Supelco, Bellefonte, PA) was manually 
inserted. After 3 h, the SPME fibers were removed 
and carefully transported at 0ºC to the laboratory 
for GC-MS analyses. Analyses of background vola-
tiles were performed on unexposed SPME fiber and 
with environmental bag/air volatiles.

For dynamic headspace (DHS) collection, under 
controlled environmental conditions, each guava 
phenological phase were enclosed in polypropyl-
ene cups (500 mL, Darnel-Ajover, USA) with lids, 
in an inverted assembly. Fragrant headspace air of 

flower bud and green guava fruit tissues were swept 
through a cartridge trap packed (10 cm x 0.5 cm i.d) 
with the analytical polymer adsorbent HayeSep D 
80/100 (DVB, Supelco, Bellefonte, PA), during 3h. 
Previously to the establishment of dynamic equilib-
rium process to trap VOCs released by guava tissues 
onto the adsorbent, incoming air supplied by the 
vacuum pump (GAST manufacturing Inc, USA) was 
filtered through charcoal. The sampling flow rate was 
100 mL/min. After trapping, VOCs were eluted with 
300 µL of hexane HPLC grade (Merck, Darmstadt, 
Germany); then the sample was concentrated to 
about  50 µL volume under a gentle flow of nitrogen 
to be analyzed by GC-MS. 

Volatile collection from insects
Volatile compound released by C. psidii adults 

were collected in laboratory by using either head-
space-solid phase microextraction (HS-SPME). Be-
fore the extraction, the weevils were deprived of food 
during 24 h in a room free from odorants and placed 
in 100 mL glass flasks. The volatile compounds re-
leased from each gender were separately collected 
on a DVB/CAR/PDMS fiber (50/30 μm thickness, Su-
pelco, Bellefonte, PA, USA) for 12h during the sco-
tophase, because the activity of insects were found 
at night. These analyses were done by triplicate with 
different insects (10 males and 10 females) each time. 
Analyses of background volatiles were performed 
with SPME fiber in the flask without insects. Blank 
experiments were performed without insects in the 
same conditions above-mentioned.

Volatile analyses
Volatile collected by HS-SPME either from guava 

tissues or insects were desorbed into the injection port 
of a Shimadzu GC17A coupled to a mass selective de-
tector QP5050 (Shimadzu, Tokyo, Japan). Desorption 
time was set at 5 min. Two capillary columns, RTX-5 
and DB-FFAP and (each 30 m × 0.32 mm i.d., 0.25 μm 
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film thickness; Restek, Bellefonte, PA, USA, and J&W 
Scientific, Folsom, CA, USA, respectively) were used. 
The column oven was programmed from 40°C (after 
1 min) to 300°C at 4°C/min for RTX-5, and until 250°C 
for DB-FFAP column, and finally held it for 10 min. For 
the volatile compounds released from insects, the col-
umn was held at 50°C for 1 min, then raised to 250°C 
at 7°C/min and maintained at that temperature for 10 
min. The injector temperature was fixed at 250°C for 
the DB-FFAP and at 300°C for the RTX-5 column, us-
ing helium as carrier gas at 1.5 mL/min. The injection 
port was used in splitless mode and the temperature 
was maintained at 250°C. Linear retention indices (LRI) 
were calculated according to the Kovats method us-
ing a mixture of n-alkanes as external references. Mass 
spectral identification was completed by comparison 
with either authentic reference standards or spectra 
from commercial mass spectral databases (WILEY 
and EPA/NIH). MS-data in the electron ionization (EI) 
mode were recorded in a mass range 30-350 u, with 
electron energy of 70 eV and processed by Class 5000 
v 2.2 MS-Workstation software.

Chemicals
The following compounds were purchased from 

Sigma-Aldrich (Taufkirchen, Germany) and used as 
reference odorants: (Z)-3-hexenyl acetate, limonene, 
2-nonanone, nonanal, 2-phenyl ethanol, cis-3-hexenyl 
butyrate, decanal, 2-undecanone, cis-3-hexenyl hex-
anoate, β-caryophyllene, α-humulene, β-farnesene, 
aromadendrene, and heptadecane. n-Alkane mix (C8-
C26) was acquired from Merck, Darmstadt, Germany. 

Olfatometric bioassays with semiochemicals
The behavioral response of C. psidii was evaluat-

ed by testing the flower bud and fruit setting volatile 
blends, as well as the synthetic compounds limonene 
(mixture of stereoisomers) and β-caryophyllene, both 
prepared at a concentration of 100 µg/mL in hexane 
(HPLC grade, Merck, Darmstadt, Germany). 

Bioassays were performed in a dual choice Y-
tube olfactometer operated with a pre-humidified 
and charcoal filtered airflow at a flow of 1 L/min. 
Odour propagation simulation tests were per-
formed to visualize the plume distribution inside the 
system. The olfactometer consisted of a Y-shaped 
glass tube of 3.5 cm diameter, 20 cm in length, 10 
cm of arms and a 90° Y angle. All the treatments 
were performed during the scotophase with a red 
light to avoid any interference of the white light, at 
room temperature (20 ± 2ºC) and a relative humid-
ity of 80 ± 10%.

One week before each assay, Conotrachelus psi-
dii adults (males and females, with a number vary-
ing between 30 to 40 individuals) were collected, 
placed in plastic flasks, and deprived of food in a 
room free from odorants for 24 h before the olfato-
metric bioassay. In all cases, different insects were 
used for each test. Age and mating status of the 
insects were not controlled. The insects (male or 
female) were introduced one by one into the base 
tube of the olfactometer, and its behavior was ob-
served for 5 min; after that, the next individual was 
evaluated until the entire test finished. A positive 
choice for the odor source in one of the two arms 
was considered when an insect crossed the choice 
line, went all over 5 cm of that arm, and remained 
there for at least 2 min. Individuals that did not make 
any choice during this time were excluded from the 
statistical analysis. The position of olfactometer was 
alternated after each replicate to avoid positional 
bias. For each replicate, a new piece of braided 
cotton roll (0.5 x 0.5 cm; Richmond Dental, Char-
lotte, NC, USA) loaded with the solutions of tested 
compounds was used. The evaporation time before 
starting the tests was 10 seconds. Odour sources (2 
µL) were tested against hexane HPLC grade (Merck, 
Darmstadt, Germany) as solvent control and the 
insect response compared after the stimuli. After 
each test, all components of the olfactometer was 
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cleaned with a detergent solution (Extran alkaline, 
Merck, KGaA, Darmstadt, Germany), then rinsed 
with acetone, and dried at 100°C for 30 min to keep 
away from cross contamination. 

Statistical analysis
Y-tube olfactometer data were analyzed by chi-

square tests to compare between possible binary C. 
psidii responses. The null hypothesis was considered 
50:50 distribution. Data analyses were performed us-
ing WinSTAT® for Excel 2007 (V. 2012.1.0.84). 

RESULTS AND DISCUSSION

Analysis of semiochemicals from guava 
reproductive tissues

The VOCs from guava reproductive tissues were 
analyzed by GC-MS and their relative concentra-
tions determined by the area percentage in GC 
analysis (Table 1). Taking into account that the fiber 
composition determines the selectivity of the analy-
sis, four commercially available fibers were tested 
as part of the preliminary assays (PDMS, 100 µm; 
PDMS/DVB, 65 µm; CAR/PDMS, 75 µm; and PDMS/
DVB/CAR, 50/30µm). The last one was chosen be-
cause it retained the highest number of volatile 
components.  Sixteen VOCs were detected in all of 
the guava tissues and fourteen of them were identi-
fied by comparison of their retention indexes and 
mass spectra with those of corresponding commer-
cially available standards.

The largest number of VOCs was detected from 
open flower in comparison with the other guava tis-
sues. It is known that the highest diversity and abun-
dance of VOCs is released predominantly from flow-
ers and their formation is spatially regulated.

Aliphatic esters (C6-type volatiles) such as, cis-
3-hexenyl acetate, cis-3-hexenyl butyrate, and cis-
3-hexenyl hexanoate were only detected in the flower, 
as well as the more polar compounds, 2-nonanone, 

2-undecanone, decanal, and 2-phenyl ethanol. In 
the other tissues, mono and sesquiterpenes were 
the most predominant VOCs. The sesquiterpenes 
β-caryophyllene, and copaene were the major VOCs 
detected by HS-SPME in the flower bud and fruit 
setting, being also detected in the other evaluated 
guava tissues. Limonene was also present in all of 
the guava tissues; it had been previously identified in 
guava leaves by using the same technique (Rouseff 
et al, 2008). Qualitative and quantitative composition 
of VOCs in guava open flower is clearly different from 
other parts of the plant; this result could be related 
to the fact that guava weevils were not found on the 
flowers during their field collection.

It is known that male guava weevils are selectively 
attracted by either flower bud or fruit setting VOCs 
(Silva-Filho et al, 2012), so dynamic headspace (DHS) 
was used to obtain volatile extracts from these tis-
sues. During preliminary experiments, Hayesep D 
(DVB) polymer extracted VOCs better in comparison 
to Porapak Q (4-ethylstyrene-DVB) and ORBO-32 
(charcoal adsorbent tubes). Except the sesquiter-
penes selinene and chamigrene (tentatively identi-
fied), the volatile profiles collected with HS-SPME 
and DHS extracts were the same. 

The interaction between phytophagous insects 
and their hosts is mediated by VOCs that are synthe-
sized during plant metabolism and released into the 
environment. Thus, VOCs often plays a role as sensory 
cues that define host specificity (food or oviposition 
site) (Marín-Loaiza and Céspedes, 2007). Silva-Filho et 
al. (2012) reported guava weevils olfactory-response in 
a Y-tube olfactometer to odors in guava flower buds; 
however, they did not elucidated the chemical struc-
ture of those volatile compounds. In this work, some 
of volatile released from insects (Table 1) were also de-
tected in the guava reproductive tissues; specifically, 
β-caryophyllene was released from male and female 
C. psidii adults. This fact could be related to a role 
of β-caryophyllene either as precursor of aggregation 
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pheromone or as semiochemical in C. psidii, but ex-
periments are needed to confirm this hypothesis.

Response of Conotrachelus psidii to VOCs in Y-
tube olfactometer 

The responses of C. psidii males and females in a 
Y-tube olfactometer when they were stimulated with 
odour sources are shown in Fig. 3. The attraction of 
males and females to the natural flower bud and fruit 
setting volatile blends was evident (p < 0.05), due to 
the availability of a food source. The results showed 
that limonene at 100 µg/mL (2 µL) elicited a signifi-
cant attractant response from the weevils, attracting 
females and males (p < 0.05). This result, suggests that 
C. psidii insects could use limonene as a kairomone 
to locate suitable hosts for feeding and oviposition. 
Limonene has been reported as a semiochemical for 
the curculionid Conotrachelus nenuphar (Herbst) (Pi-
ñero and Prokopy, 2003), and it has also been applied 
in traps for controlling the curculionid Hylobius pales 
L. (Siegfried, 1987).  

Guava weevils were not attracted by the 
β-caryophyllene in the Y-tube olfactometer at the 
dose tested. The fact that insect response to a 

particular volatile compound can be markedly in-
fluenced by the concentration of that compound is 
known in chemical ecology as it has been reported 
for other weevil species (Dickens, 1986). For in-
stance, Leskey et al.  (2001) found that C. nenuphar 
was attracted to several plum volatiles when test-
ed at low doses, but it was repelled at high doses 
in the laboratory. However, when the compounds 
were evaluated in field conditions using doses as 
those used in the laboratory most of them were 
attractive to C. nenuphar. The authors suggested 
the repellence of compounds when tested at the 
highest doses in the laboratory might be due to 
artifacts caused by their evaluation in enclosed 
chambers over short distances. Thus, to con-
firm that the concentration is a determinant fac-
tor during the behavioral response of the weevil, 
new experiments using different concentrations of 
β-caryophyllene need to be done. 

The results here reported suggest that the infes-
tation of Colombian guava crop by Conotrachelus 
psidii insects is mediated by host plant kairomones. 
These results have been reported in other curcu-
lionids, for instance, limonene for Conotrachelus 

*
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*

*

*

1008060 402020406080100 0

Choice (%)

Oodor source Odor source Solvent controlNumber of 
choices

Non 
responsive

Male MaleFemale

β-Caryophyllene 
(100 µg/mL) 40 540 4

Limonene 
(100 µg/mL) 40 738 13

Fruit setting 
volatile blend 35 738 4

Flower bud 
volatile blend 37 640 5

Female

Female

Male

Figure 3. Responses of individual male and female C. psidii adults to treatments in a Y-tube olfactometer.  In each experiment the asterisk (*) indicate 
a statistically significant differences. Binomial test (P < 0.05).
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nenuphar (Leskey et al, 2001), and β-caryophyllene 
for Conotrachelus dimidiatus (Contreras-Montañez 
and Tafoya, 2008). This information provides an es-
sential component for the development of an effec-
tive IPM program for this pest in guava.
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