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ABSTRACT: Using a two-way olfactometer, the effects of the whole wheat grains and coarse wheat
meal odors on the primary Sitophilus granarius (L.), S. oryzae (L.) and S. zeamais (Motch.) and
secondary Tribolium castaneum (Herbst) and T. confusum (Du Val) stored-product pests behavior
were examined. Whole wheat grains and coarse wheat meal were used in uninfested and infested
form. Whole wheat grains were infested with S. oryzae adults and coarse wheat meal with T.
castaneum adults. The odors of infested wheat grains depending on the insect species were 1.9 to 3
times more attractive than the uninfested wheat grains odors, except for the T. castaneum for whome
the odors of infested and uninfested grains were equally attractive (p = 0.641). The greatest difference
in the attractiveness of the infested and uninfested wheat grains odors was found for T. confusum (3
times longer in the arm with the odors of infested grain), and the smallest for S. granarius (1.9 times).
We found that all primary and secondary stored-product pests, depending on the species, were 1.4 -
2.4 times more attracted to the odors of infested compared to the odors of uninfested wheat meal. The
greatest difference in the atraction of infested and uninfested coarse wheat meal odors was recorded
for the T. confusum, whose adults were 2.4 times longer in the arm with the odors of infested coarse
wheat meal than in the arm with odors of uninfested wheat meal, while the smallest difference (1.4
times) was recorded for S. oryzae. The results of this study give a significant contribution to a better
understanding of the storage insects behavior, which could be used in the design of new methods of
monitoring of their presence in stored products.
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INTRODUCTION

Stored-product insect pests inflict heavy
damage on stored plant products intended
for human and domestic animal con-
sumption. It is estimated that the losses
resulting from their activity at the annual
level range from 9% in developed to> 20%
in developing countries (Phillips and Thro-
ne, 2010). However, over 90% of all los-
ses are due to the activity and feeding of
primary pests (Rees, 2004). The storage
insects are divided into two groups ac-

cording to the diet: primary that attack and
damage the whole grain and secondary
that attack and damage already damaged
grain and various grain products. Primary
pests are usually developing inside the
grain, whether the female lay the egg into
the grain or on its surface, the first instar
larvae enter the grains, feed and continue
their development inside the grains, while
the secondary feeders are developing
outside the grain, feeding on the damaged
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grains, or grain products (Rees, 2004;
Mahroof and Hagstrum, 2012; Mason and
McDonough, 2012).

In addition to damaging whole grains and
creating favorable conditions for infes-
tation, primary pests also affect the be-
havior of secondary pests (Trematerra et
al., 2015; Stevenson et al., 2017). In this
context, in some previous studies it has
been documented that odors of grain
damaged by primary pests Sitophilus
oryzae (L.), Sitophilus zeamais (Motch.)
and Rhyzopertha dominica (F.), were sig-
nificantly more attractive to secondary
pests Oryzaephilus surinamensis (F.), Tri-
bolium castaneum (Herbst) and Tribolium
confusum Jackuelin du Val than the odors
of mechanically damaged grains (Trema-
terra et al., 2000, 2015). However, the
odors of uninfested stored products (whole
or mechanically damaged grain) express
different attractive potential for storage in-
sects and significantly affect their behavior
(Phillips et al., 1993; Trematerra et al.,
1999). For example, the results obtained
by Phillips et al. (1993) indicate that S.
Oryzae and T. castaneum can quite dif-
ferently respond to the same grain-related
odors. On the other hand, Barrer (1983)
found that whole grains of wheat added to
the traps, beside Rhyzopertha dominica,
attracted both Cryptolestes ferrugineus
(Stephens) and T. castaneum.

Monitoring is a vital component of inte-
grated pest management programs. Early
stored-product pests detection is essential
for the rational use of insecticides, safe
storage of goods and protection of their
quality. Sampling from commodity and
traps are the most commonly used me-
thods for monitoring insects in storage
(Hagstrum et al., 1998). The advantage of
the trap is that they allow early detection of
initial infestation, and so far, aggregation
and sexual pheromones are used as at-
tractants in the traps (Hussain et al., 1994;
Phillips, 1997; Hagstrum et al., 1998). In
order to improve the attractive potential of
the traps, laboratory, semi-field and field
experiments showed that odor attractants
from whole kernels, mechanically dama-
ged kernels and insect damaged kernels
or their combinations can improve poten-
tial of the traps and instead of capturing
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just one species or only one sex of the
species, these components can be
attractive for several species of storage in-
sects (Phillips et al., 1993; Olsson, 2001;
Wakefield et al., 2005; Stevenson et al.,
2017). Athanassiou et al. (2016) found that
in some cases, prior capture insects were
more determinative than the presence of
pheromone for trap performance. How-
ever, Athanassiou et al. (2017) found that
relative cogeneric species, being present
either dead or alive, may moderate trap
performance. To our knowledge, the data
available on the co-occurrence of relative
species (species of the same genus) on
behavioral interaction as well as between
primary and secondary pests in the same
comodity are few.

In this context, the intention of this study
was to examine and compare the impact
of whole wheat grain previously infested
with S. oryzae and coarse wheat meal pre-
viously infested with T. castaneum on the
primary (S. zeamais, S. oryzae and Sito-
philus granarius (L.)) and secondary (T.
castaneum and T. confusum) pest behe-
viour.

MATERIALS AND METHODS

Test insect

In the tests we used laboratory popu-
lations of S. granarius, S. oryzae, S. zea-
mais, T. castaneum and T. confusum rea-
red by the procedures described by Harein
and Soderstrom (1966), and Bry and Da-
vis (1985). Weevils, were reared in 2.5 L
glass jars containing whole-grain soft
wheat with moisture content below 12%,
while S. zeamais was reared on whole-
grain maize with moisture content below
13%. Tribolium species were reared in 2.5
L glass jars on white wheat flour with 5%
yeast. Air temperature in the insectary was
2511 °C, and relative humidity 60+5%.
Unsexed 2-4 week old adults of all tested
species were used and starved 24 hours
before the experiment.

Substrates used in the experiment

In the experiment we used whole wheat
grain NS 40S variety and coarse wheat
meal produced by milling whole wheat
grains of the same variety. Uninfested
substrates were prepared following the
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methods described by Duki¢ et al. (2016).
Infested substrate were prepared following
the modified methods described by Tre-
materra et al. (2015), by exposing whole
wheat grain and coarse wheat meal to
adults of S. oryzae and T. castaneum (5
adults per 1g of the substrate), respec-
tively. After 15 days insects were removed
and substrates were kept in the laboratory
on the room temperature for 24h before
used in the experiment.

Olfactometer bioassay

Modified four-arms olfactometer (Ninkovic
et al., 2013) was used to test the effects of
the uninfested and infested substrates
odors on the insects' behavior. For both
arms, plastic container with mesh lid was
connected with tubes in order to allow
undisturbed crossing of the air over the
substrates. In the tubes, there was a filter
(cotton wool and activated carbon) to pu-
rify the air, and thus prevent suction of the
flour particles into the olfactometer. Air cir-
culation was provided by a vacuum pump.
The air crossed over the substrate and,
together with its odors, entered the arms,
and went to a central zone which was
connected to the vacuum pump by a tube.

Experiments were performed in a darke-
ned room with light just above the olfacto-
meter to exclude the influence of all the
other stimuli that could affect the behavior
of the insects. One insect was placed in
the central zone of the olfactometer and
left for three minutes to adapt to the new
environment. After adjusting, the insect
position was recorded, for next 10 minu-
tes, whether and how long it remained in
one or the other arm. After each insect,

Table 1.

the olfactometer was cleaned with 96%
alcohol. Each experiment was done in 20
repetitions (one insect one repetition). Af-
ter every repetition, in order to increase
the reliability of the results, the containers
with the substrates were rotated to the op-
posite side. We compared the S. gra-
narius, S. oryzae, S. zeamais, T. casta-
neum and T. confusum preferences for
odors from:

1. Uninfested versus whole wheat grains
infested with S. oryzae

2. Uninfested versus coarse wheat meal
infested with T. castaneum

Data analysis

Data of the length of the insect stay in one
or the other olfactometer arm were
statistically analyzed using the Wilcoxon
pair test (StatSoft, 2011) setting a signi-
ficance level of P< 0.05.

RESULTS

Behavioral responses of primary and
secondary storage pests to odors of
uninfested and whole wheat grains
infested with S. oryzae

All tested insect species were statistically
significantly more attracted to the odors of
wheat grain infested with S. oryzae than
the odors of uninfested grain, except for T.
castaneum, which was equally attracted to
odors of grain in both conditions (p =
0.641). Infested grain was equally more at-
tractive for species S. oryzae, S. zeamais
and T. confusum (p = 0.0001) and slightly
weaker for S. granarius (p = 0.0004) com-
pared to uninfested (Table 1).

Mean number of seconds + SE which insects spent in the arm with odors of infested and arm with

uninfested whole wheat grains

Whole wheat grains

Insect species Uninfested Infested p*

Sitophilus granarius 124.50+£12.78 234.75+19.21 0.0004
Sitophilus oryzae 109.50+14.67 312.00+15.72 0.0001
Sitophilus zeamais 104.00+9.55 265.75+17.94 0.0001
Tribolium castaneum 173.25+16.54 212.25+24.08 0.6407
Tribolium confusum 101.25+11.43 305.25+29.83 0.0001

* Wilcoxon paired test, statistically significant deferences if p<0.05
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Table 2.

Mean number of seconds + SE which insects spent in the arm with odors of infested and arm with

uninfested coarse wheat meal

Coarse wheat meal

Insect species Uninfested Infested p*

Sitophilus granarius 143.50+14.20 297.50+24.30 0.0007
Sitophilus oryzae 176.00+£10.89 249.75+£16.36 0.0269
Sitophilus zeamais 145.25+11.01 249.25+21.23 0.0034
Tribolium castaneum 125.50£15.33 289.75+22.76 0.0005
Tribolium confusum 86.50£10.51 207.25+22.54 0.0007

* Wilcoxon paired test, statistically significant deferences if p<0.05

Behavioral responses of primary and
secondary storage pests to odors of
uninfested and coarse wheat meal in-
fested with T. castaneum

All tested species were statistically sig-
nificantly more attracted to the odors of
coarse wheat meal infested with T. cas-
taneum compared to the odors of uninfe-
sted coarse wheat meal. The most sig-
nificant difference in the attractiveness of
infested and uninfested coarse wheat
meal was recorded for T. castaneum (p =
0.0005), followed by T. confusum and S.
granarius (p = 0.0007). The least signi-
ficant difference was recorded for S. ory-
zae (p = 0.0269) (Table 2).

DISCUSSION

Depending on the insect species, the
odors of the whole wheat grains infested
with S. oryzae, attracted primary pests
from 1.9 to 2.9 times more than the un-
infested wheat grain odors. This is in line
with the studies carried out by Trematerra
et al. (2007, 2013), which have found that
S. zeamais was 1.6 times more attracted
to the odors of wheat grains infested with
the same species than to the fresh un-
infested wheat grain odors. Tribolium con-
fusum was attracted 3 times more to the
odors of the whole wheat grains infested
with S. oryzae than to the uninfested
wheat grains odors. Trematerra et al.,
(2000) came to very similar results, and
found that the odors of whole wheat grains
infested with S. oryzae was 3.2 times
more attractive than the intact whole
grains odors for the same species. How-
ever, it was surprising that in this expe-
riment, T. castaneum, as a species of the
same genus, did not show the preference
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for the wheat grains infested with primary
pests over the uninfested wheat. This is
opposite to the results of a study con-
ducted by Trematerra et al., (2000, 2013)
which have found that T. castaneum was
statistically significantly more attracted to
the odors of wheat grains infested with S.
oryzae and S. zeamais than to the unin-
fested grains odors. However, recent stu-
dies have even determined the repellent
effect of grains infested with S. granarius
for T. castaneum (Stevenson et al., 2017).
They explain this fact by the possibility that
T. castaneum adults are seeking early in-
festations rather than potentially overcrow-
ded late-stage infestations.

All tested primary and secondary pests
were statistically significantly more attrac-
ted to the odors of coarse wheat meal
infested with T. castaneum than to the un-
infested coarse wheat meal odors. Al-
though there is very little available data
about behavior of secondary pests in-
fluenced by odors of food that is infested
with the same group of pests, a high at-
traction of infested coarse wheat meal that
attracted T. castaneum and T. confusum
2.3 and 2.4 times more, respectively than
uninfested coarse wheat meal, was
expected. Previous studies have found
that secondary pests are more attracted
by the odors of damaged, elderly and de-
caying grain and grain products than the
odors of the fresh grains (Phillips, 1993;
Cox and Collins, 2002; Athanassiou et al.,
2017). By examining the intraspecific be-
havior of T. castaneum, Stevenson et al.,
(2017 ) have also found the attraction of
the flavor infested with adults of this
species for its larvae and adults. On the
other hand, surprisingly high attraction of
odors of coarse wheat meal infested with
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secondary pest for primary pests (1.4 to
2.1 times more attractive than uninfested),
was unexpected. In contrast to our re-
search Phillips et al. (1993) found that pri-
mary pests were more attracted to the
fresh intact grain odors. However, recent
studies conducted by Trematerra et al.
(2015) have found that the primary pest
(S. zeamais) was 1.5 and 1.8 times more
attracted to the odors of the wheat grains
infested with adults or larvae of T. cas-
taneum than to the uninfested grains
odors, which leads to the conclusion that
the first colonizer can play the role of the
primary colonizer.

CONCLUSION

The results of these studies showed the
high attractiveness of infested substrates
for primary and secondary pests and pro-
vide insight into the still insufficiently
known stored-product insect pests beha-
vior and their intraspecific and inter-spe-
cific interaction. The high attractiveness of
the infested substrates can be used in the
future to improve traps for monitoring the
occurrence and number of these pests,
but that would require further more de-
tailed research.
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ATPAKTUBHOCT MUPUCA MHOECTUPAHE U HEMUHO®ECTUPAHE
MWEHULE Y 3PHY U NPEKPYNE 3A CKINAOMWHE TBPOAOKPUIJILIE

Huikona J. Bykuh*', Avhja b. Pagoruh', FCopaH . Angpuh?, Metap J. Krbajuh?, Mapujana M.
Mpaxwuh Fonuh?

'YhuBepauTeT y Beorpagy, MorsonpuspeaHu dakyntet, 11080 beorpaa, HemawuHa 6, Cpbuja
2 WHcTuTyT 3a nectuyunae v 3awtuty xmBotHe cpeanHe, 11080 beorpaa, baHatcka 316, Cpbuja

Caxertak: [Nomohy gBokpakor ondpakromeTpa MCNUTMBAH je yTuLaj MMpuca MeHuuUe y 3pHy U
NweHWYHe npekpyne Ha noHawawe npuMapHux wrteTounHa Siftophilus granarius (L.), Sitophilus
oryzae (L.) n Sitophilus zeamais (Motch) n cekyHaapHux wtetounHa Tribolium castaneum (Herbst) un
Tribolium confusum (Du Val). lMweHnya y 3pHY M MWeHU4Ha npekpyna kopuwheHn cy y
HenHdecTMpaHoM K uHdecTupaHom obnuky, ¢ TMM ga Cy 3pHa nweHuue 6una uHdecTupaHa
agyntuma S.oryzae a npekpyna agyntuma T. castaneum. Mupuc nHdecTupaHe nweHuue y 3pHy je
6o y 3aBucHoOCTM oA MHcekaTcke BpcTe oA 1,9 go 3,0 nyTa aTpakTMBHUWjM Of, MUpUca HenHdecTmpaHe
nweHuue, ocum 3a agynte T. castaneum 3a koje je 6uo nogjegHako npuenadad (p=0,641). Hajseha
pasnuka y aTpakTMBHOCTU Mupuca MHecTupaHe n HemHdecTMpaHe niieHuue je 3abenexeHa kog T.
confusum (3 nyTa BuUWle BpeMeHa y KpaKy ca MMPWUCOM MHecTupaHor 3pHa), a HajMawa Kog S.
granarius (1,9 nyta). CBe npMMapHe 1 cekyHAapHe LUTeTo4MHE Cy Yy 3aBUCHOCTU o4 BpcTe bune og 1,4
— 2,4 nyTa BuUWeE MNpUBYYEHE MUPUCOM MHMECTMPaHe, Hero MMPUCOM HewHdecTUpaHe MLeHNYHe
npekpyne. Hajseha pasnuka y aTpakTMBHOCTM Mupuca MHGecTMpaHe U HeuHdecTMpaHe npekpyne,
ytBpheHa je kog T. confusum, 4mnjn cy agynTti nposBenun 2,4 nyta BULLIE BPEMEHA y Kpaky ca MUPUCOM
NHdECTUpaHe nNpekpyne Hero y Kpaky ca MMpUCOM HeuHdecTMpaHe, a Hajmamwa pasnuvka (1,4 nyta)
3abenexeHa je ko S.oryzae. Pe3yntaTm OBUX WCTpaxuBawa Aajy 3HayajaH AonNpuHOC Gorbem
nosHaBaky MOHallakwa CKNaguHMX MHcekaTa, wTo 6y mMormo ga ce ynotpebu y ocMmuirbaBaky
HOBOT Ha4vHa npahera HUXOBOr MPUCYCTBA Y YCKNaauWTEHMM NPOM3BOAMMA.

KrbyuHe peun: Tribolium sp., Sitophilus sp., onigdhakmomemap, noHawarke wmemoyuHa, Mupucu
XpaHe
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