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ABSTRACT. The present study was undertaken to determinevalrvate ofPlodia
interpunctella (HUbner, 1813), reared on different mechanicalestaif Vizija winter
wheat cultivar and RasSa winter rye cultivar, prergly infested with different beetle
pests. Wheat was previously infested whiihyzopertha dominica, Stophilus granarius,
Oryzaephilus surinamensis and Cryptolestes ferrugineus, while rye was infested only
with O. surinamensis. Kernels were tested in three different mechanitsks: (A) whole
undamaged kernels; (B) kernels already damaged dsyspand (C) original storage
kernels (mixture of B and C type). NR interpunctella adult emerged on wheat kernels,
while 36 adults developed on rye kernels. The lghbundance reached beetle species
who fed with a mixture of kernels damaged by pestd whole undamaged kernels.
Development and survival rate of five differentratge insect pests depends on type of
kernels and there exist significant survivorshipgrelations among them.
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INTRODUCTION

Grain storage presents a closed man-made ecosydtera stored kernels are primary
energy source. This source is fast utilized bygeastinly insects, fungi and other organisms
(SINHA, 1973). Activity of storage pests changes biotinposition of storage ecosystem
(ArRBOGASTand MULLEN, 1988).

The most important insect pests that cause hugedds stored grains belong to order
Lepidoptera:Stotroga cerealella (Olivier, 1789) and order Coleopter&tophilus granarius
(Linnaeus, 1758)S. oryzae (Linnaeus, 1763)S zeamais (Motschulsky, 1855)Rhyzopertha
dominica (Fabricius, 1792) etc. (s 2004; MasoNandMcDONOUGH, 2012). Based on their
feeding strategies, storage insect pests that deedrain and its products are divided into
primary and secondary pest speciesER2004). Typical primary pests aRe dominica, S.
granarius, S. oryzae, S. zeamays, S cerealella etc. Secondary pests, such @y/zaephilus
spp., Tribolium spp., Cryptolestes spp. andPlodia interpunctella (Hubner, 1813) occur
commonly on grain damaged in process of harvestmagsporting, handling and drying, or
by other pre- or postharvest pestg€R 2004; MasoNandMCDONOUGH, 2012).
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These insect pests coexist in stored grain fagsliind their relations and successions
are very complex, because they influence each 'sthalogical, ecological and behavioral
characteristics (REMATERRA et al., 2000; ATHANASSIOU et al., 2006). A lot of different
laboratory studies have been conducted in ordenwtestigate interactions between stored
product insect pests EEkKOVITCH, 1968; WHITE and S\NHA, 1980; ARRBOGAST and MULLEN,
1988; HhGSTRUM and THRONE, 1989; REMATERRA €t al., 2000; ArHANASSIOU €t al., 2006).
LEFKOVITCH (1968) reported that high abundance Grfyptolestes ferrugineus (Stephens,
1831) inhibited survival offribolium castaneum (Herbst, 1797). Moreover, BBOGAST and
MULLEN (1988) showed that if moth<Cédra cautella (Walker, 1863),S cerealella, P.
interpunctella) and beetlesdryzaephilus surinamensis (Linnaeus, 1758)T. castaneum, S
zeamays and C. ferrugineus) coexist in the same storage ecosystem, in thente@g moths
dominate, but over the time their presence gragutdcreases, while the number of beetles
increases, until the complete domination of beetles

Plodia interpunctella (IMM) is one of the most important secondary steragsect
pests, especially in processed food, confectiopasglucts and domestic environment&gR
2004). It can sometimes be found on whole or dachat@red grain, but it feeds mostly on
germ and bran layer @RS 2004). In laboratory conditions, it completes lits cycle on
whole kernels of small grains, such as wheatcailié@ and rye (FYukAJLovi¢, unpublished
data).

Biology and ecology of IMM is well-studied, but teeare very little data on its
survival in grain infested by other stored produnsiect pests and interactions among them.
The aim of this study was to investigate the swavof secondary pest moth IMbh different
states of wheat and rye kernels, previously intesie wild populations of different storage
insect pests and interactions among them.

MATERIALS AND METHODS

Test insects

P. interpunctella culture used in this research originates from paimn reared for
several years in laboratory conditions, at roomprature (22+2 °C), in transparent plastic
containers for mass rearing (1.2 L in volume), loa $tandard laboratory diet for this moth
(SILHACEK and MLLER, 1972). This diet is consisted of ground dog n{&@Ps), rolled oats
(4%), white cornmeal (26%), whole wheat flour (23%heat germ (2%), brewers’ yeast
(5%), glycerol (16%) and honey (14%). After eclosaf IMM adults, we isolated 50 pairs of
one-day-old adult male and female copuli from containers for mass rearing. Then, we
placed IMM adult pairs into 5 L glass jars wherenétes laid eggs. We used one-day-old
eggs for the assays.

Other four insect speciesR.( dominica, S granarius, O. surinamensis and C.
ferrugineus) that developed on wheat and rye kernels, origifiedm wild populations that
previously infested wheat and rye kernels in tharagfe at Center for Small Grains in
Kragujevac (CSG).

Commaodity

Vizija winter wheat cultivar Triticum aestivum L.) and RaSa winter rye cultivar
(Secale cereale L.), used in this experiment, were obtained fro®GC six months after the
harvest (harvested during the season of 2012).r Afie harvest and prior to setting up the
experiment, kernels were kept in mid-sized pap@sha the storage of CSG, where they
were infested by different insect pests. Kernelgewentreated with pesticides after the
harvest.
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Before setting up the experiment, kernels did mottain any adult insects, but there
were traces of their potential presence, due toacheristic damages on grain caused by them.
All kernels were sieved before setting up the expent, for excluding the potential presence
of adult pests.

At the beginning of the experiment, we manuallyestdd three different types of
kernels that we used, based on their mechanictd: &) whole undamaged kernels, (B)
already damaged kernels (with obvious cracks, hotesther damages from pests), and (C)
original storage kernels (mixture of B and C type,gained from CSG). Kernels of type C
were those originally gained from the storage oGC®hile types A and B were separated by
manually selection from kernels of type C.

Experimental procedure

Experiment was set up as randomized 2x3x6 blockgdesVe used two cereal
species, wheat (W) and rye (R). Each cereal wasdeas three different mechanical states of
kernels (A, B, C, as mentioned in previous pardgyrapach grain type and kernel state was
repeated six times. We had a total of 36 replicatio

In each of 36 glass jars (0.25 L in volume) we @ut L of wheat or rye kernels in
different mechanical state and added 50 IMM one-adyeggs. Jars were sealed with swab
of cotton paper coated with cotton cloth, for progeration. The jars were kept in laboratory
conditions, at room temperature (22 + 2°C) andtiredahumidity (60 + 10%).

The presence of emerged adult insect pests wagoneshiweekly for 18 weeks. After
18 weeks, the occurrence and the total number aitsatbr each emerged pest species per
replication was recorded.

Data analysis

Data were statistically analyzed using the softwaaekage IBM SPSS Statistics 20.
The results were presented as mean + standard(8&Qr Differences in number of emerged
beetle adults of the same species developed oe thexhanical states of wheat and rye
kernels were analyzed using one-way ANOVA and Boofe test. Pearson’s test was used to
establish correlation among the number of emergldt atorage insect pests developed on
original storage kernels (WC and RC assays).

RESULTS

This experiment started with 1800 IMM eggs, dividedthree different mechanical
states of wheat and rye kernels. No IMM adult eraérgn wheat kernels, while 36 developed
on rye kernels (Tab. 1). In assays with wheat, toegtle R. dominica, O. surinamensis, C.
ferrugineus, S granarius) species were registered, while in assays with @y O.
surinamensis was recorded.

Survival rate of Plodia interpunctella in competition with beetles on wheat kernels

Eighteen weeks since the beginning of the experimam IMM adult emerged in
assays with wheat kernels (Tab. 1). However, fpeces of beetle insect pes& dominica,
O. surinamensis, C. ferrugineus, S. granarius) completed their development and emerged as
adults.

In WA assays, four beetle adult species emergédh amall number per replication.
The mean number @& granarius was the highest, followed Wy. surinamensis, R. dominica
andC. ferrugineus (Tab. 1).
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Stophilus granarius was the most numerous in WB assay, followedRbgominica
andO. surinamensis. In this assay, adults @ ferrugineus did not emerge (Tab. 1).

In WC assay, adults &. dominica were the most numerous, where 412.00 adults per
replication emerged, followed BY. surinamensis (191.00).Cryptolestes ferrugineus (50.33)
andS granarius (4.67) were present in smaller number (Tab. 1).

Table 1. The mean numbertSE of emerged adult imsests developed on three different
mechanical states (A, B, C) of wheat (W) and rygk@tnels.

Assay S granarius R. dominica C.ferrugineus O. surinamensis P. interpunctella

WA 2.50+0.85ab 1.17+0.48a 0.17+0.16a 1.33+0.95a 0.00+0.00a
WB 0.83+0.31a 0.50+0.22a 0.00+0.00a 0.17+0.16a 0.00+0.00a
wcC 4.67£1.02b 412.00+£50.47b 50.33+17.31b  191.00+52.89b 0.00+0.00a
RA / / / 0.00+0.00a 1.33+0.42a
RB / / / 0.00+0.00a 3.17+1.54a
RC / / / 4.17+1.01b 1.50+0.43a

Vertical values, having different letter (a, b)smmperscript, are significantly different (p < 0.05)

One-way ANOVA and Bonferroni tests showed thatedghces in number of emerged
beetle adults of the same species that developdtirea mechanical states of kernels were
statistically significant (Tab. 2).

Table 2. Statistical differences (p) in the numbifeemerged adult insect pests that developed
on different mechanical states (A, B, C) of wh@#} and rye (R) kernels.

Selulp=lite S.granarius R.dominica C.ferrugineus O. surinamensis P. interpunctella
assays

WA vs WB 0.464 1.000 1.000 1.000 /

WA vs WC 0.211 <0.0005* 0.009* 0.002* /

WB vs WC 0.011* <0.0005* 0.009* 0.001* /

RA vs RB / / / 1.000 0.581

RA vs RC / / / <0.0005* 1.000

RB vs RC / / / <0.0005* 0.705

* - The mean difference is significant at the Ol&&el.
/ - Adult did not develop.

These results showed that mechanical state of vkkezaels had huge impact on the
total number of emerged adults (Tab. 1, 2). AlltpdexceptS. granarius) were significantly
more numerous in original storage kernels (WC gssaliereR. dominica was the most
abundant. In WA and WB assays, there were no signif differences in the number of
emerged adults of the same species. Only the nuaifl&rgranarius between WA and WC
was not statistically significant (Tab. 1).

Strong significant positive correlation betwa@ndominica andO. surinamensis (p =
0.002; r = 0.961) was observed. When the numbeR.oflominica adults increases, the
number ofO. surinamensis adults also increases and vice versa. The inaleas@ber oR.
dominica and O. surinamensis adults strongly negatively affected the number @f
ferrugineus adults (p = 0.022; r = -0.876; p = 0.005; r = -Q.9¢%spectively).
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Survival rate of P. interpunctellain competition with O. surinamensis
on ryekernels

Plodia interpunctella adults emerged in all assays with rye kernels,tibeir number
varied depending on the state of kernels (TabThg highest number of IMMdults was
recorded in RB assay (3.17), followed by RC (180 &A (1.33). There was no statistical
significance among the number of emerged IMM adtlitt developed on three different
mechanical types of rye kernels (p = 0.348; F 33)1Tab. 1, 2).

Eighteen weeks since the beginning of the expertim@®n surinamensis adults
emerged (4.17) in RC assay, besides INIMb. 1). There was no statistically significant
correlation between the number of emerged adultsesfe two species (p = 0.607; r = 0.269),
which shows thaO. surinamensis did not statistically influenced development ofNMMand
vice versa.

DISCUSSION

Plodia interpunctella is a secondary pest of stored grain and it feedmlgnon the
germ and bran layer @s 2004). When reared alone on whole wheat and eyeeks, this
moth successfully completes life cycle (F. Vukajiownpublished data). Wheat kernels are
much preferable food for IMM than rye (F. Vukajléyunpublished data), primarily because
rye kernels are much harder than wheat kernelBIHE®T, 1996). Also, population size and
developmental dynamics of IMM depends on nutritopeality and mechanical state of
available food (CATELLI and UMONTA, 1998; WkKAJLOVIC and RESIC, 2012; Kocovic,
2014). IMMis susceptible to low content of polyunsaturatétyfacids, vitamins and steroids
in the diet. Although, the larvae mandibles arersir they do not easily break the pericarp of
wheat and especially of rye kernels, so whole Kerage not the most suitable food for this
moth (LOCATELLI and LMONTA, 1998; Kocovi¢, 2014). Studies report that IMMrvae are
easily developed on crushed grain, rather than balavones (ECATO, 1976; KOoCoviIC,
2014).

Eighteen weeks since the beginning of the experipogry 36 IMM adults developed,
all in assays with rye kernels. In assays with wieanels, no IMM adult emerged, but four
other beetle pest species emergBd dominica, O. surinamensis, C. ferrugineus and S.
granarius), especially in assay with original storage kesr(®/C). In assays with rye kernels,
only O. surinamensis emerged, besides IMM. The presence of two or nspexies in the
same area causes an alteration in their behavimiggy and ecology (REMATERRA et al.,
2000; ATHANASSIOU et al., 2006). AAHANASSIOU et al. (2006) showed that grains previously
infested by different insects may affect the bebiawf other species that visits these grains
later, in comparison with noncontaminated grairem®chemicals, produced by some pests,
can alter the behavior of the same or other spatis®red grain. AHANASSIOU et al. (2006)
studied behavior of a beetle confusum on commodity previously infested by a moth
Ephestia kuehniella Zeller, 1879 and concluded that noticeable intéwvast between their
semiochemicals and behavioral changes are primaffiégcted by the contamination interval.
Also, PHiLLIPS et al. (1993) reported that some grain volatiles werellispe toT. castaneum,
while attractedS. oryzae. Rhyzopertha dominica locates potential grains to infest, primary
using olfactory-guided mechanismo(te, 2012).

In present study, the most diverse pest populatiocurs in assays with original
storage kernels (WC). These kernels are consisti&ge portion of undamaged kernels and
in smaller number of those already damaged, eltlgansect pests or in process of harvest,
transport, drying etcRhyzopertha dominica, as primary pest of stored grain, needs high
proportion of whole grains for its satisfactory depment, because it feeds on endosperm of
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the kernel, completely destroying inside structof¢he kernels (6oms and WOODROFFE
1963; REES 2004; MasoN and McDONOUGH, 2012). It completes life cycle faster in whole
undamaged kernels, than in cracked or broken kei(MeikasoviC et al., 1972). This is the
reason whyR. dominica was so abundant in original storage kernels, comg&o its number
in assays with other mechanical states of kernels.

Preserving the grain quality is a great problemA&set al., 2000; dNESet al., 2012).
Damages into kernels are not always visible. Tloeegfin our study, some stored grain insect
pests developed in assays with whole kernels #&hed undamaged (WA and RA). Certain
pests, such a. surinamensis, detect if the kernels were damaged mechanicallyyoother
insect pests, because they could sense certain gotatiles (RSHAD and TALPUR, 1993;
TREMATERRA et al., 2000; ArHANASSIOU €t al., 2006). Also, REMATERRA et al. (2000)
reported that kernels damaged by primary pestsnaiih more attractive to secondary pests,
than whole kernels or those damaged mechanicdllgyzaephilus surinamensis, C.
ferrugineus and IMM as secondary pests, feed primarily on dgedakernels, i.e. broken
kernels, germ or grain dust (SReY, 1987). That is why the number of emergéd
surinamensis was in positive correlation with the number of egeslR. dominica.

Some storage insect pests can reduce the popukiierby feeding on IMM eggs,
such ag0. surinamensis (BARNES and SIMONS, 1952; LECATO, 1975).Tribolium castaneum
also affects the population size of IMM by feedomits eggs and died individualsgCATO
and RAHERTY, 1973).

Based on our results, IMM survival and developmienhighly influenced by the
presence of other stored grain insect pests. Ipibgence of two primary and two secondary
beetle pests, IMM did not complete life cycle. @e bther hand, in competition with another
secondary insect pesd(surinamensis), IMM was not being suppressed. Still, much remmain
to be learned about IMM survival and developmerttemwcompeting with other stored grain
insect pests. Further, detailed studies in dugletand multiple interactions among IMM and
other insect pests would be needed to confirm epespecific responses, ecology and
behavior of this moth.

CONCLUSION

The findings of this study reflect the correlatiossd competition between storage
pest insects, a moth and four beetle species,ftareht mechanical state of stored wheat and
rye kernels. The results have shown tRatnterpunctella, in competition with four beetle
species R. dominica, S granarius, O. surinamensis andC. ferrugineus), have no chance to
finish life cycle on wheat kernels, due to effe€tother storage pests on its population size
and its lower affinity to wheat as food source. @sults show statistically important positive
correlation between abundanceRofdominica andO. surinamensis, but negative betweeR
dominica and C.ferrugineus, as well a). surinamensis andC. ferrugineus. Also, our results
are in accordance with previous findings that gferpests develop faster on damaged grains,
then on undamaged ones. The highest abundanceeaeised with individuals that fed ona
mixture of kernels damaged by pests and whole uadamkernels.
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