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Behavioral responses of S. zeamais to odours from pulverized wheat, brown rice,
sorghum, buckwheat, peanut and cork were compared in a Y-tube-olfactometer-
bioassay. Results showed that both sexes responded to host volatiles and males
were more sensitive than females. The strongest responses to grains of wheat and
brown rice were found, and insects reared on these were dramatically heavier
than on other tested materials (grain sorghum, buckwheat, peanut and cork).
Multiple-choices tests, in which volatiles from males that were removed from the
wheat within different minutes were simultaneously presented in the chamber,
were used to study whether males can release aggregation pheromone if not on
the grain. The pheromone was released by males within about 13 minutes after
removal from the grains. Responses to pheromones produced by males were
skewed toward females although both sexes were attracted. Both sexes re-
sponded most strongly to the odour source comprising pheromone with host
volatiles.
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1. Introduction

The maize weevil (Sitophilus zeamais Mot-
schulsky; Coleoptera: Curculionidae) one of the
most common and destructive storage pest in the
world (Hill 1983, Haines 1991), and an internal
feeder whose adults attack whole kernels and
whose larvae feed and develop entirely within
kernels (Storey 1987). Damage caused by S.

zeamais stored cereal crops may be extremely
high. Infestation may start in the mature crop
standing in the field and continue in the granary
where considerable losses can occur (Giles 1969;
Haines 1991). This post-harvest insect contrib-
utes to the deterioration of the quality and the

quantity of stored grain (Kouninki et al. 2007).
Currently, the primary means of maize weevil
control in warm climates is the use of fumigants
and residual chemical insecticides (Faruki et al.
2005, & Moharramipour 2007). Synthetic chemi-
cal pesticides are usually applied by the farmers
to reduce losses during storage (Adane et al.
1996). In recent years, however, the overreliance
and the use of chemical insecticides in crop pest
control programs (around the world) has resulted
in environmental damage, pest resurgence, pest
resistance to insecticides, and lethal effects on
non-target organisms. Furthermore, because of
cost, these pesticides are becoming increasingly
inaccessible to farmers, particularly in develop-
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ing countries. This fact, combined with the con-
sumer’s demand for residue-free food, prompted
researchers to evaluate other alternative reduced-
risk control methods for stored-grain protection.
These methods include, among others, the appli-
cation of chemical ecology in the control of
stored-grain insects. of semiochemical-based
pest management systems in stored-products is
being necessitated by the withdrawal of approval
for use of many synthetic insecticides and the fu-
migant methyl bromide.

Infochemical cues are generally considered to
play a pivotal role in the location, evaluation and
utilization of hosts by herbivorous insects (Fran-
cis et al. 2005). Numerous species of insects have
been shown to be attracted to (single or blends of)
volatiles of their host plants (Visser 1986). The
response of maize weevil to olfactory stimuli has
been demonstrated earlier and food-related
odours may contain potential attractants (Honda
& Oshawa 1990, Ben & Xuan 1992, Pike et al.
1994). However, it is not clear whether S. zeamais

is capable of using olfactory cues to discriminate
between volatiles from suitable and unsuitable
plant species during the host-finding process.

In addition to the role of plant volatiles as at-
tractants, pheromones promote aggregation of S.

zeamais on located food sources. The aggrega-
tion pheromone `Sitophilure’ (4S, 5R)-5-hydro-
xy-4-methyl-3-heptanone is produced by male
beetles. Investigation of pheromone trapping has
been restricted to laboratory studies on walking
Sitophilus spp. (Walgenbach et al. 1987, Trema-
terra & Girgenti 1989) and a preliminary field
study in Kenya on trapping both flying and walk-
ing beetles (Hodges & Dobson 1998). However,
the effect of combining host volatiles and aggre-
gation pheromone on the behavioural responses
of S. zeamais adults has not been determined. Pre-
vious reports deem the aggregation pheromones
by stored product pests can be stopped very
quickly within minutes when males are not on
suitable breeding substrate (Bashir et al. 2001,
Plarre 1998). However, little is known about the
release of pheromones from males that were re-
moved from the host within different minutes.

An understanding of the responses ofto cues
employed in the host-finding process may be of
practical value in improving semiochemical-
based trapping system for the species. We expect

that semiochemical-based methods will become
important components of integrated pest manage-
ment (IPM) of various commodity systems.

In this study, there were three objectives. The
first was to confirm the orientation of S. zeamais

towards plant volatiles as cues for the purpose of
selecting plant species that are suitable hosts and
to examine whether the orientation is related to
performance of the insects. The second was to de-
termine whether males release aggregation
pheromones if not on the grain. The third was to
investigate the response of the species to a combi-
nation of male-produced aggregation pheromone
and host odours.

2. Material and methods

2.1. Insects and substrate

The S. zeamais used were originally collected in
the Province of Henan (China) and subsequently
cultured in the laboratory on whole maize grain at
13.5% moisture content. Intact whole grain of
uniform size were chosen for the experiment and
equilibrated in a constant temperature and humid-
ity (CTH) room at 28±1 °C and 70±5% r.h., and
under a 8 : 16 h (light : dark) photoperiod. All of
the experiments were carried out in the same
CTH room. Weevils used were obtained from
laboratory stocks, and the culturing techniques
used have been described by Walgenbach et al.
(1983). Insects used were generally 0–7 days post
adult eclosion except where stated otherwise. In-
sects were removed from culture and held in
clean glass tubes without food at the test condi-
tions for 48 h prior to behavioural bioassays. Di-
morphic rostral characteristics were used to sepa-
rate the sexes (Halstead 1963).

2.2. Plant materials

Tissues of six plant species were used in the ex-
periments including wheat grain, brown rice
grain, sorghum grain, buckwheat grain, peanut
grain, which have been reported as possible hosts
of S. zeamais, and cork, reported as a non-host of
it. Freshly harvested grain of winter wheat,
brown rice and grain sorghum were obtained
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from farms located in Hefei, Anhui, China. Un-
processed shelled buckwheat, peanut grain and
cork were obtained from a commercial grocery
store. To kill any insects in kernels, the plant ma-
terials were deep frozen within the bags until re-
quired for the experiments. Moisture content of
plant materials used in this and subsequent exper-
iments in the study ranged from 12.6% to 14.1%
at the start of the experiment.

2.3. Experiment 1:

Response to plant volatiles

Volatiles from wheat grain, brown rice grain, sor-
ghum grain, buckwheat grain, peanut grain and
cork were used to compare the responses of male
and female S. zeamais. To ensure plant tissues
used as a source of volatiles were of similar size,
plant materials were pulverized using a mechani-
cal grinder and sifted using a # 21 sieve. Evalua-
tions were performed in a constant temperature
and humidity (CTH) room at 28±1 °C and 70±5%
r.h., under dim light supplied with a red fluores-
cent tube.

A Y-tube olfactometer was used to determine
the attractiveness of the various potential plant
hosts tested against clean air. A detailed descrip-
tion of the Y-tube olfactometer is given by
Takabayashi and Dicke (1992). In our experi-
ments two Erlenmeyer flasks were used as odour
chambers. About 200 g of the materials to be
tested were weighed into one of the flasks, while
the other flask remained empty when clean air
was used as a control. Using teflon tubing, each of
the odour chambers was connected to one arm of
the olfactometer. The flasks were kept behind a
cloth screen to rule out visual perception of the
grain. Airflow through both arms was generated
by air pressure, and purified by use of a charcoal-
filled gas wash bottle. The airflow through the
arms of the Y-tube (280ml/min) was adjusted by
flow meters which were positioned between
flasks and the Y-tube. The flowmeters were
cleaned with ethanol each time the test plant was
changed.

One hundred beetles (50 males and 50 fe-
males) were tested individually per treatment.
Responses of 50 males and 50 females, tested in
alternate batches of five, were observed for each

of the odour sources. A single adult of S. zeamais

was introduced into the Y-olfactometer at the en-
trance of the stem, with maximum observation
duration of 20 min per beetle and the responses
were considered positive when the insects
reached at least 3 cm along the arm connected to
the test chambers. Insects were used only once
and discarded. Additionally connections of the
odour sources to the arms were reversed after
testing five insects to avoid asymmetrical bias.
After every 10 beetles the Y-tube was cleaned
with ethanol and the teflon tubes were connected
to the Y-tube the other way around. The beetles
were always tested between 9:00 and 17:00 h.

For each test, we determined ‘Activity’ and
‘Preference’(choice) of the weevils. Activity was
measured as the number of the weevils that
showed behavioral activity in the olfactometer
(they were trapped in the left or right arm of the Y-
tube) compared to weevils not responding (not
entering the left or right arm and remaining in the
common tube of the Y-tube). Preference was
measured as the number of active weevils choos-
ing one or the other side in the olfactometer.

2.4. Experiment 2: Progeny production

No-choice assays were performed to determine
how wheat grain, brown rice grain, sorghum
grain, buckwheat grain, peanut grain and cork af-
fect the development and reproductive success of
S. zeamais.

The original Dobie method (Dobie 1974) was
used in this study. Five replicates of 32±0.3 g per
test plant species were weighed into round plastic
pots (67×32 mm) with screw-top lids. Adult, 0±7
day-old S. zeamais were sexed by their rostral
characteristics (Halstead 1963) and an appropri-
ate number placed on each of the test plant species
for seven days. This conditioning period was to
eliminate any possible short-term behavioral
changes associated with an altered environment.
After this period, ten female and ten male 7–14
day-old adults were placed on the test plant spe-
cies for 7 days. On day 7, all the insects were
sieved off. Each pot was checked regularly before
the expected time of emergence of the first filial
(F1) generation. The date of the first emerging F1
was noted and the number of F1 individuals
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emerging from each pot was recorded daily dur-
ing the working week until all the F1 adults had
emerged. Taking into consideration that mating in
S. zeamais does not occur before weevils are 3 d
old (Walgenbach & Burkholder 1987), there was
little possibility of third generation adults emerg-
ing (Povey & Sibly 1992). The criteria for deter-
mining the end of the F1 generation was the ab-
sence of emergence for at least five consecutive
days, excluding the first week of emergence.
Fresh body weight of emerged male and female
beetles from different treatments was determined
to the nearest 0.0001 g, using a Sartorius elec-
tronic microbalance type CP124S.

Susceptibility indices were used as a measure
of the susceptibility of test plant species to infes-
tation by S. zeamais. The higher the index, the
greater the susceptibility of the test plant species
(Gudrups et al. 2001). These indices are defined
by the following formula:

Dobie Index: D.I. =
LnF

DME

�100

where D.I. is the susceptibility index, Ln the natu-
ral logarithm, F the total number of F1 adults, and
DME the date of median emergence of F1 (days).

2.5. Experiment 3: Do males release

pheromones if not on the grain?

To study whether males can release aggregation
pheromone if not on the grain, the responses of
weevils to males that were removed from the
wheat within different minutes were measured
using a four-arm olfactometer similar to the one
described by Vet et al. (1983), with modifications
to accommodate the size (~ 3 mm) of S. zeamais.

The arena of the olfactometer was made of three
parts: a 140×140×5 mm clear acrylic square
(top), a 140 × 140 × 5 mm white acrylic square
with a four-pointed star-shape cutout exposure
chamber (90° arc, radius 80 mm), and a 200 × 200
mm white teflon square (base). The top was ce-
mented to the exposure chamber, and two plastic
clamps were used to hold it firmly to the base.
Each olfactometer arm was divided into three re-
gions: the “release” region at the center, the
“visit” region nearest to the center, and the “selec-
tion” region nearest to the odour source. Evalua-

tions were performed in a constant temperature
and humidity (CTH) room at 28±1 °C and 70±5%
r.h., under dim light supplied with a red fluores-
cent tube with no natural lighting.

The airflow (100 ml/min/arm) inside the
arena was equalized using one flowmeter at each
arm and a terminal flowmeter between the arena
and the pump. Charcoal-filtered air was passed
through treatment chambers that enclosed the
odour sources inside a glass flask, and tubing
leading from each of the odours converged into
the olfactometer arena. Behavioral data were vi-
sually recorded using a stopwatch. Individual S.

zeamais were used only once.
A single test beetle was released into a central

hole of the chamber through the central hole in the
glass-plate cover using a fine brush. To increase
the chances that beetle response was due to
choice of a zone rather than movement caused by
disturbance/handling, any beetles not spending
10 s in the centre before moving into an odour
zone were not counted. Each beetle was observed
for 5 min in the chamber. The time spent by the
beetle in different zones was recorded. However,
if a beetle entered one of the four air-delivery
pipes, the test was terminated for that insect and
the remaining time was awarded to that particular
zone. The time spent by each beetle in each of the
four odour zones was recorded to determine the
preference of the beetles for different odour/vola-
tile sources.

Three different odour sources were used to
compare the responses of adult male and female
S. zeamais; (1) 100 males within 3~8 minutes af-
ter removal from the wheat, (2) 100 males within
8~13 minutes after removal from the wheat, and
(3) 100 males within 13~18 minutes after re-
moval from the wheat.

For the multiple-choice tests, volatiles of
three odour sources were presented in the expo-
sure chamber at the same time, one from each air-
delivery pipe, with clean air from the fourth pipe.
Responses of ten males and ten females were ob-
served. The whole procedure was repeated five
times. In this way the responses of a total of 100
beetles (50 males and 50 females) to five replica-
tions of each odour source were observed during
the experiment. The experimental design of these
multiple-choice tests was strengthened both by
replicating the odour sources and by interchang-
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ing males to avoid male variation in pheromone
output influencing the results.

In the multiple tests, the air-delivery pipes at
which the volatiles or clean air were presented
were initially assigned randomly to different
odour sources. After one quarter of the olfacto-
meter tests was completed, the order in which the
pipes were connected to the exposure chamber
was changed so that during the experiment each
zone of the test arena received volatiles from each
source. After testing every ten insects, the deliv-

ery pipes and bioassay chamber were cleaned.
The beetles were always tested between 9:00 and
17:00 h.

2.6. Experiment 4: Response to host odour

and aggregation pheromone interaction

The responses of weevils to host odour and aggre-
gation pheromone interaction were measured us-
ing a four-arm olfactometer. Three different
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Fig. 1. Preference and activity of S. zeamais in a Y-tube olfactometer to odours from six plant species. Asterisks

indicate significant differences from even distribution at *P<0.05, or **P<0.01. Activity is expressed as percent-

age weevils responding, and bars followed by different letters indicate significantly different activity of the weevils

between the treatments (P<0.05). The mean values shown are predicted values from regression analysis. NS =

not significantly different.



odour sources were used to compare the re-
sponses of adult male and female S. zeamais; (1)
host volatiles emanating from 500 g of whole,
sound, grain of wheat (wheat volatiles alone), (2)
100 pheromone-releasing males within 3 minutes
after removal from the wheat, and (3) 100 males
placed on the surface of the 500 g of wheat grain
from where they were easily retrieved at the end
of the test (wheat-volatiles blend aggregation
pheromone). The remaining details were the
same as in experiment 3.

2.7. Statistical analysis

For the Y-tube choice experiments a ¤2 test (one-
way) for goodness-of-fit with one degree of free-
dom was used to determine significance.

Data from the Experiment 2 were analyzed
using SAS PROC MIXED (SAS Institute, 2001).
Before data analysis, count data were trans-
formed using the log(x+1), in order to satisfy the
assumptions of normality and homogeneity of
variance (Zar 1999). Tukey’s Studentized range
test was used to separate means (Tukey 1953).
Data on progeny production and development
time on different plant tissues were analyzed as a
one-factor experiment, and those for weight of
beetles emerged as a two-factor experiment in
which the main factors were plant species and
beetle sex.

Data from the Experiment 3 and Experiment 4
were analysed by a Friedman test for K-related
samples, which was used to compare responses in
all four zones. When the Friedman test showed a
significant difference, a Wilcoxon test (for 2-re-
lated samples) was used for pairwise compari-
sons between sources. The responses of males
and females were compared using a Mann-Whit-
ney test for each of the three odour/volatile
sources and control.

3. Results

3.1. Responses of Sitophilus zeamais

to volatiles from different plant species

Of the host plants (wheat grain, brown rice grain,
grain sorghum, buckwheat grain and peanut

grain) and non-host (cork) tested (Fig. 1), odour
from wheat grain, brown rice grain, sorghum
grain and buckwheat grain stimulated signifi-
cantly more male and female weevils to become
active than the control treatment. Significant dif-
ferences in male weevils’activity were also found
between the peanut grain treatment and the con-
trol treatment (¤2 = 4.08, d.f. = 1, P = 0.043), but
the percentage of responding female weevils un-
der the peanut grain treatment and the control
treatment did not differ significantly (¤2 = 0.83,
d.f. = 1, P = 0.362). The activity in tests with non-
host (cork) treatment did not differ from the con-
trol treatment (females: 2 = 0.72, d.f. = 1, P =
0.396; males: 2 = 0.58, d.f. = 1, P = 0.446).

S. zeamais showed no statistically significant
difference (females: ¤2 = 2.67, d.f. = 1, P = 0.102;
males: ¤2 = 1.56, d.f. = 1, P = 0.211) in choice be-
tween the two arms of the Y-tube olfactometer
when clean air was passed through both the left
and right arm. This result confirmed that the wee-
vils’behaviour within the olfactometer was unbi-
ased.

The active female and male weevils were
strongly attracted to wheat (78.1% preference, ¤2

= 12.51, d.f. = 1, P = 0.0004, and 74.2% prefer-
ence, ¤2 = 11.91, d.f. = 1, P = 0.0005, respec-
tively), brown rice (79.6% preference, ¤2 = 10.73,
d.f. = 1, P = 0.001, and 70.8% preference, ¤2 =
9.52, d.f. = 1, P = 0.002, respectively), grain sor-
ghum (61.7% preference, ¤2 = 4.47, d.f. = 1, P =
0.034, and 61.1% preference, ¤2 = 5.81, d.f. = 1, P

= 0.016, respectively) and buckwheat (62.3%
preference, ¤2 = 4.96, d.f. = 1, P = 0.026, and
59.4% preference, ¤2 = 6.32, d.f. = 1, P = 0.012,
respectively), whereas there was no preference
for peanut (53.7% preference, ¤2 = 1.07, d.f. = 1,
P = 0.301, and 52.6% preference, ¤2 = 0.89, d.f. =
1, P = 0.345, respectively) or cork (49.7% prefer-
ence, ¤2 = 0.77, d.f. = 1, P = 0.380, and 50.6%
preference, ¤2 = 0.79, d.f. = 1, P = 0.374, respec-
tively).

3.2. Development assays

The results in Table 1 and Fig. 2 show that each of
the six plant tissues affected the development and
reproductive success of S. zeamais. S. zeamais

were still alive in wheat grain, brown rice grain,
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sorghum grain, buckwheat grain, peanut grain,
which have been reported as possible hosts of S.

zeamais; however, no reproduction occurred at
all on cork, reported previously as a non-host.

Significantly higher reproduction was ob-
served on wheat or brown rice than on grain sor-
ghum, buckwheat or peanut. The lowest number
of progeny and the longest development periods
are associated with peanuts. There were no sig-
nificant differences between the mean weights of
emerged male or female S. zeamais within plant
species (Table 1). However, the main effect of
plant species was significant. Mean weights of
beetles raised on wheat or brown rice were
heavier than those reared on other plant species
(Table 1). Weight of emerged S. zeamais on grain
sorghum, buckwheat and peanut were similar.
The Dobie index increased in the order of peanut,
buckwheat, grain sorghum, brown rice, wheat
(Fig. 2).

3.3. Response to volatiles from males

that were removed from the wheat

within different minutes

Amale and female S. zeamais more time in the
zones receiving volatiles of 100 males (removed
from the wheat within 3~8 minutes), or 100 males
(removed from the wheat within 8~13 minutes)
than in the zone receiving the clean air control
sources (Table 2). Based in percentage of time
spent in each zone, the analysis of the data
showed that difference between treatment combi-
nations were statistically significant except in the
case of males between 100 males (removed from
the wheat within 8~13 minutes) and 100 males
(removed from the wheat within 13~18 minutes)
(F3,196 = 0.78, P = 0.757), and for both sexes be-
tween 100 males (removed from the wheat within
13~18 minutes) and the clean air control (males:
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Table 1. Reproductive success (means ± SE) of S. zeamais reared on six different plant species.

Plant species Number of Development Weight of Weight of Weight of
emerged adults time (days) males (mg) females (mg) adults (mg)

Wheat 54.0±11.2a 32.2±2.0c 1.6±0.2 1.8±0.2 1.7±0.2a
Brown rice 52.4±12.3a 34.0±0.8c 1.6±0.3 1.6±0.4 1.6±0.3a
Grain sorghum 30.6±9.8b 39.8±2.6b 1.2±0.2 1.3±0.2 1.2±0.2b
Buckwheat 28.0±13.1b 39.4±1.8b 1.2±0.3 1.3±0.2 1.2±0.2b
Peanut 7.2±9.4c 45.4±3.4a 0.9±0.4 1.1±0.2 1.0±0.2b
Cork 0 – – – –

Means within columns followed by different letters are significantly different at P<0.05.

Fig. 2. Dobie index (D.I.) of susceptibility of six differ-

ent plant species to S. zeamais. The higher the index,

the greater the susceptibility level.

Table 2. Mean percentage (± SE) of time (of the total 5

min) spent by males and females of S. zeamais in

each odour zone in multiple-choice tests.

Odour sources Males Females

(within minutes after

removal from the wheat)

100 males

(within 3–8 minutes) 38.7±5.2a 52.3±4.7a

100 males

(within 8–13 minutes) 23.6±3.3b 37.2±8.4b

100 males

(within 13–18 minutes) 20.2±7.2bc 5.9±3.3c

Control 17.6±3.1c 4.7±2.9c

Means within columns followed by different letters indicate
significant difference at P<0.05 between the odour source
treatments.



F3,196 = 1.58, P = 0.342; females: F3,196 =
2.55, P = 0.187).

3.4. Response to host odour and aggregation

pheromone interaction

In the four arm olfactometer, adult male and fe-
male S. zeamais significantly longer (males:
F3,196 = 8.58, P = 0.023; females: F3,196 =
9.75, P = 0.017)in the zones receiving odour
sources than receiving clean air (Table 3). Fur-
thermore, both males and females spent more
time in the zone receiving the mixture of wheat
volatiles and aggregation pheromone than in ei-
ther wheat odour or aggregation pheromone
alone. Females responded more strongly to ag-
gregation pheromone alone than to the odour of
wheat (F3,196 = 8.78, P = 0.024)and when com-
pared to males, they responded more strongly to
the mixture of wheat odours and aggregation
pheromone (F3,196 = 9.04, P = 0.016). In con-
trast, males showed a stronger response than fe-
males to wheat odours alone (F3,196 = 8.65, P =
0.041). There was no significant difference be-
tween males and females in response to the aggre-
gation pheromone alone (F3,196 = 0.91, P =
0.382) although more females were attracted to
this.

4. Discussion

4.1. Role of plant odour in host finding

and acceptance by Sitophilus zeamais

Both sexes of S. zeamais responded positively to
volatiles emitted from the host plant species
tested, while not from the non-host tested, possi-
bly because these odours indicate feeding and/or
oviposition sites. Our results from experiment 1
indicated that the host plant species tested had
volatile constituents that were attractive to S.

zeamais. Based on the responses of S. zeamaisto
different hosts, it is possible that the same or simi-
lar attractive compounds may be found in plant
products that are taxonomically different. Al-
though S. zeamais was able to feed on peanut, the
fact that S. zeamais was not attracted to peanut
seeds and unable to distinguish between peanut

and clear air in the bioassay might be due to the
low content of signals in peanut that being below
the detecting limit of maize weevil, or the high
content of volatiles from high oil content in pea-
nut.

Results from experiment 2 showed that the
most suitable foods were wheat and brown rice
among the plant species tested. S. zeamais was
mostly sensitive to volatiles from wheat and
brown rice. These two grains were judged to be
the most suitable hosts based on the greater repro-
duction and heavier weights of emerged beetles
relative to other plant species tested.

Our findings suggested that S. zeamais is ca-
pable of using olfactory cues to discriminate be-
tween volatiles from suitable and unsuitable plant
species during the host-finding process. Since a
high cost in the form of mortality to adults or
wasted oviposition attempts may result from
choosing the wrong host plant, it is possible that
S. zeamais feeding on stored grain have evolved
to respond to olfactory cues indicative of a suit-
able host, to avoid costly feeding or oviposition
on non-host. The use of host-associated volatiles
to discriminate between host odours has been
demonstrated for a range of coleopteran species
(Byers 1995, Pureswaran & Borden 2005, Edde
& Phillips 2006).

4.2. Evidence for the release of aggregation

pheromone by S. zeamais males

after removal from the grains

Amajority of expert take it for granted that aggre-
gation pheromones of stored product pests are of-
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Table 3. Mean (± SE) percentage of time (of the total 5

min) spent by males and females of S. zeamais in

each odour zone in multiple-choice tests.

Odour sources Males Females

Wheat (500g) 26.2±6.8b 7.9±4.2c**

100 males 15.4±4.3c 19.2±3.6b

Wheat (500g) + 100 males 55.1±8.2a 71.3±7.9a*

Control 3.4±1.6d 1.5±0.8d

Asterisks indicate significant differences from even distribu-
tion at *P<0.05, or **P<0.01. Means followed by different let-
ters indicate significant difference at P<0.05 between the
odour source treatments.



ten only released when males are on suitable
breeding substrate. However, in our study, using a
four-zone bioassay chamber, results from experi-
ment 3 showed that the aggregation pheromone is
released by males within about 13 minutes after
removal from the grains. However, the release of
aggregation pheromone by males is stopped
about 18 minute after.

As stated above, our results suggest that the
release of aggregation pheromone by S. zeamais

males after removal from the grains phase out
with the time going by.

4.3. Enhancement of attraction responses

to aggregation pheromone by host odour

Male produced aggregation pheromones may be
considered the most important stimuli for host-
plant location in stored-product beetles and play a
crucial role in subsequent aggregation by con-
specific male and female.

Odours from larval foods or host plants are
known to synergistically enhance the responses
of phytophagous insects to their pheromones
(Wood 1982, Dickens et al. 1990). Interactions
among pheromones and host-plant volatiles have
been the subject of several recent reviews
(Landolt 1997, Landolt & Phillips 1997, Reddy
& Guerrero 2004). A strong source of host vola-
tiles combined with aggregation pheromone, in
amounts naturally produced by males, substan-
tially increases the attraction responses of S.

zeamais.
Very little is known about the mechanism of

how host-plant chemistry would affect attractive-
ness of pheromone signals in S. zeamais. It might
be thought that the increased attraction to the host
volatile combined with aggregation pheromone
have two possible reasons. One is a function of
the host volatiles directly. The other is an in-
creased pheromone output by males in response
to their proximity to a large food supply (500 g
wheat). In a laboratory study, Bashir et al. (2003)
showed that the absolute quantities of the aggre-
gation pheromones (DL-1 or DL-2) produced
were lowered differentially when male R. domi-

nica were moved from suitable host to unsuitable
host materials, but that pheromone release rate
and ratio were restored when the move was re-

versed. Apparently, males respond by emitting
less pheromone on unsuitable host, making it less
likely that migrant conspecifics will detect the
pheromones (Roelofs 1978, Baker & Kuenen
1982, Byers 1995).

Optimal use of pheromones for insect man-
agement may depend on knowledge of interac-
tions among pheromones and host-plant volatiles
(Landolt & Phillips 1997).

4.4. Difference in response to infochemicals

between males and females

A previous investigation of the orientation re-
sponse of male and female S. zeamais to semio-
chemicals suggested that the response of the two
sexes was similar (Ben & Xuan 1992). However,
in our study, using a four-zone bioassay chamber,
results obtained from experiment 3 and experi-
ment 4 showed clear differences between male
and female responses. In the multiple-choice
tests, when beetles could select between host
volatiles alone or the males alone or host volatile
combined pheromone sources, females spent
hardly any time in the zone receiving host vola-
tiles alone (on average 7.9%). In contrast, males
spent significantly more time in the zone with
host volatiles (on average 26.2%), which shows
that males are relatively more attracted than fe-
males to host odours and suggest that they may be
more highly adapted to seek out new hosts from
which they can attract mates while females are
more inclined to locate a suitable food source by
following the pheromone signals produced by
males.

The results also showed that host volatiles
were relatively less attractive for female in the
presence of aggregation pheromones and their re-
sponses might be largely mediated by aggrega-
tion pheromone. Females were significantly
more attracted than males to the host volatile
combined pheromone source, confirming the
stronger response of females to pheromone.

The observation could reflect a difference be-
tween males and females in the strength of re-
sponse to the pheromone, in which females are
simply more sensitive; it could also reflect differ-
ences in search behaviour strategies by the sexes,
in which males may remain at a distance to avoid
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competition with other males and females driven
to find host material for oviposition which has
been located by males. This is consistent with the
previous report in which sexual selection is stron-
ger on males than females so that males would be
expected to take greater reproductive risks (Al-
cock & Gwynne 1991), in this case finding a new
host in isolation.

Females spent more time (on average 71.3%)
in the zone of host volatile combined pheromone
source than males (on average 55.1%). There-
fore, it is not surprisingly that no significant dif-
ferences were observed that females spent time
(on average 19.2%) in the zone of pheromone
alone source than males (on average 15.4%). The
observations support the view that both males and
females respond to host volatiles and pheromone
and more strongly to the mixture of the two.
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