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REVIEW ARTICLE

Pepino mosaic virus

R.A.A. van der Vlugt

Summary Pepino mosaic virus (PepMV) is a relatively new plant virus that has become a significant ag-
ronomical problem in a relatively short period of time. It is a member of the genus Potexvirus within the
family Flexiviridae and is readily mechanically transmissible. It is capable of infecting tomato (Solanum
lycopersicum) and other Solaneceous host plants. Since its description in 1980 from pepino plants (So-
lanum muricatum) collected in 1974 in Peru, the virus remained unknown for a long time until it man-
ifested itself in commercial tomato crops in Europe in 1999. Since then the virus has been reported
worldwide and the disease it causes has become important in commercial tomato production. Since
1999, new strains of the virus have been described which differ from the original pepino isolate. The
fast spread of the virus and the appearance of mixed infections with the new strains may play an im-
portant role in the increase of the agricultural importance of this viral disease.

Additional keywords: epidemiology, potexvirus, virus strains, virus symptoms

Introduction

The first finding of Pepino mosaic virus (Pep-
MV) dates back to 1974 in field samples of
pepino plants (Solanum muricatum) collect-
ed in the Canete valley in coastal Peru and
showing yellow mosaic in young leaves
(Jones et al., 1980). Typical filamentous po-
texvirus particles of approximately 500 nm
were observed in the electron microscope
(EM). Serologically these particles did not re-
act with antisera against Potato virus X (PVX)
but appeared most closely related to Narcis-
sus mosaic virus (NaMV). Host ranges, howev-
er, of the two viruses differed considerably.
The authors concluded that Pepino mosaic
virus was a new and distinct potexvirus.
Since its first description, the virus has
not been reported again and was not con-
sidered to be of any agricultural significance.
In 1999, however, it was detected in protect-
ed commercial tomato crops (Solanum lyco-
persicum) in the UK (Mumford and Metcalfe,

Plant Research International, Wageningen, The Neth-
erlands.
e-mail: Rene.vanderViugt@wur.nl
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2001) and The Netherlands (Van der Vlugt et
al., 2000). Since 2005, new strains of the vi-
rus have appeared and PepMV has spread
very rapidly throughout tomato-producing
areas. It is now reported nearly worldwide
and can cause significant damage in com-
mercial tomato crops.

Host range and symptomatology

PepMV was originally found on pepino (S.
muricatum) in Peru (Jones et al., 1980). Later
surveys showed several related wild Lycoper-
sicon spp. being infected with PepMV (Soler
et al., 2002). These included L. peruvianum,
L. parviflorum, L. chilense, L. chmielewskii and
L. pimpinellifolium. Infection of these wild
species by PepMV appears to be generally
symptomless.

PepMV natural host range seems to be
mainly restricted to the family Solanace-
ae of which many species become infect-
ed systemically. The virus main hosts ap-
pear to be Lycopersicon spp. and Solanum
spp. The originally described pepino strain
was found on wild and commercial tuber-
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bearing S. tuberosum spp., causing mostly a
symptomless systemic infection or mild mo-
saic symptoms. However, in two local Pe-
ruvian S. tuberosum cultivars and S. stolon-
iferum Pl 230557 the virus caused a severe
systemic necrosis (Jones et al., 1980). The vi-
rus was shown to be transmitted through
tubers.

Several weed hosts were also found to
be infected with PepMV. Jones et al. (1980)
reported Datura stramonium, Nicandra ph-
ysaloides and Physalis peruvianum as weed
hosts in Peru. Studies on material sampled
from the mainland of Spain and the Ca-
nary Islands (Jordd et al, 2001) showed a
large number of weed species being latent-
ly infected (i.e. showing no symptoms) with
PepMV: Amaranthus sp., Malva parviflora,
Nicotiana glauca, Solanum nigrum, Sonchus
oleraceus, Bassia scoparia, Calystegia sepium,
Chenopodium murale, Convolvulus althae-
oides, C. arvensis, Conyza albida, Coronopus
sp., Diplotaxis erucoides, Echium creticum, E.
humile, Heliotropium europaeum, Moricandia
arvensis, Onopordum sp., Piptatherum multi-
florum, Plantago afra, Rumex sp., Sisymbrium
irio, Sonchus tenerrimus, and Taraxacum vul-
gare. However, the following species were
found not to be infected with the virus: Cap-
sicum annuum, Cucumis sativus, Chenopo-
dium amaranticolor, C. quinoa, Petunia x hy-
brida, Phaseolus vulgaris, Physalis floridana,
Nicotiana rustica, N. tabacum, Polypogon
monspeliensis and Senecio vulgatris.

In the initial PepMV report, the typi-
cal symptom caused by the virus was a dis-
tinct yellow mosaic on young leaves of pep-
ino. Most of the infected plants also showed
dark green enations on the lower surface
of some leaves. In Lycopersicon spp. the vi-
rus caused a symptomless systemic infec-
tion, which became apparent only by back-
inoculation on susceptible indicator plants,
such as Nicotiana glutinosa. Only Datura me-
tel, D. stramonium and some Nicotiana spp.
showed distinct symptoms upon systemic
infection. The virus failed to infect 13 plant
species belonging to six other families.

The virus was found in 1999 in commer-
cial tomato crops in the UK and The Nether-

lands causing more pronounced symptomes.
However, symptoms may depend on the
PepMV strain, the tomato cultivar, the age of
the plant when first infected and the envi-
ronmental conditions. Generally symptoms
include yellow leaf spots, yellow-green mo-
saic, mottle on the older leaves and/or slight
curling of the top leaves (nettle head symp-
tom) or a grayish appearance of the top of
the plant (Figure 1a, b & ¢). Fruit symptoms
range from alteration in colour, in some cas-
es sever yellow/orange mottling (Figure 1d)
and uneven ripening to netting and crack-
ing and shape distortion (Spence et al., 2006;
Hanssen etal., 2008). Particularisolates cause
leaf and stem necrosis. Fruit symptoms, such
as uneven ripening, marbling or even crack-
ing, may affect fruit quality resulting in dif-
ferent levels of economic damage. Environ-
mental conditions are reported to affect
symptom expression with low temperatures
and low light conditions favouring the ap-
pearance of more pronounced symptoms.
Symptoms are also reported to change dur-
ing the growing season when environmen-
tal or growing conditions change. Especial-
ly plant stress appears to promote symptom
expression. Initially it was thought that the
different virus strains induced different
symptoms, but isolates belonging to the
same strain (i.e. EU-tomato or Chile-2) may
also differ greatly in the severity of symp-
toms they cause in a tomato crop ranging
from only a few yellow spots to severe ne-
croses on stems and leaves or very severe
symptoms on fruit. Inoculation studies on
sets of indicator plants confirmed these dif-
ferences between different isolates.

Virion properties

PepMV is a potexvirus and as such, has typ-
ical filamentous particles with a normal
length of 510 nm. Particles are comprised of
a single capsid protein (CP) of approximately
26 kDa. In ultrathin sections of infected leaf
material inclusions consisting of arrays of
filamentous virus-like particles may be ob-
served.

© Benaki Phytopathological Institute



Pepino mosaic virus 49

PepMV is fairly stable. In endpoint dilu-
tion studies, sap from infected N. glutinosa
was still infectious at dilutions of 10* and
occasionally at 10°. Sap lost most of its in-
fectivity after 10 minutes at 65°C and was no
longer infectious at 70°C (Jones et al., 1980).
Sap stored at 20°C still shows some infec-
tivity after three months, while leaves of N.
glutinosa desiccated over silica gel were still
infectious after six months. Under green-
house and field conditions, the virus may
easily survive for several weeks in plant de-
bris and on surfaces or tools that have come
in contact with virus-infected leaves or fruit
(C.C.M.M. Stijger, personal comunication).

© Benaki Phytopathological Institute

Figure 1. PepMV symptoms on tomato plants: (a) yellow leaf
spots, (b) leaf bubbling, () nettle head, and (d) fruit mar-
bling.

Courtesy: Dr R.A.A. van der Vlugt, Plant Research International,
Wageningen, The Netherlands.

There are indications that virion infectivity is
retained longer at lower temperatures (Van
der Vlugt, unpublished).

A polyclonal antiserum raised against
the original pepino isolate did not react with
Potato virus X (PVX) and Potato Acuba mosaic
virus (PAMV), the only two other potexvirus-
es known to infect tomato. Both in immu-
no-sorbent electron microscopy (IEM) and
in ELISA the antiserum clearly reacted with
different tomato isolates although at a low-
er titre (Jones et al., 1980). Comparisons of
isolates from the different strains (EU-toma-
to, Chile-2 and US1) with an antiserum raised
against the EU-tomato type isolate (Van der
Vlugt et al., 2000) showed differences in het-
erologous titres between them (Van der
Vlugt et al., unpublished). These differenc-
es, however, only became apparent at very
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low virus concentrations. At virus concen-
trations more in line with “real-world” situ-
ations, no differences in reactivity between
the strains could be observed.

Genome organization and expression

The genome organization of PepMV (Aguilar
etal., 2002, Cotillon et al., 2002) is typical for
potexviruses (Verchot-Lubicz et al, 2007).
Its positive single-stranded RNA is capped
at the 5-end, polyadenylated at the 3’-end
and contains 5- and 3’-non-translated re-
gions. Its 6410 nucleotides encode five puta-
tive partly overlapping open reading frames
(ORFs 1 to 5, Figure 2). The 5-nontranlated
region (5'-NTR) of the virus is 85 nts long and
starts with the pentanucleotide GAAAA,
which is typical for potexviruses.

ORF1 (nt 86-4406) encodes a 164 kDa of
1439 amino acids (aa). A putative methyl-
transferase domain (aa 59-224) specific for
the supergroup of ‘Sindbis-like’ viruses (Ro-
zanov etal.,, 1992),a NTPase/helicase domain
(aa 708-934) with the NTP-binding motifs
GCGGSGKS and VVIFDD (Kadaré and Haen-
ni, 1997) and a RNA-dependent RNA poly-
merase (RdRp) domain (aal1217-1374) char-
acterised by the SGEGPTFDANT-X22-GDD
motif (Kamer and Argos, 1984), can be dis-
tinguished. The stop codon of the first ORF
is followed by a short intergenic region (IR1)
of 25 nts and a set of three partially overlap-
ping ORFs typically known as the triple gene
block (TGB).

ORF2 (nt 4432-5136) encodes the first
TGB protein (TGBp1), a 234 aa protein of
26 kDa. TIt contains a typical NTPase/heli-
case motif (AA26-233) characterised by sev-
en conserved motifs. Two of these motifs
may be involved in NTP binding (Kadaré and
Haenni, 1997). TGBp1 belongs to the super-
family | of RNA helicases.

ORF3 (nt 5117-5488) overlaps 19 nu-
cleotides with the 3-end of ORF2 and ex-
tends 148 nucleotides past the start codon
of ORF4. It encodes a small 14 kDa protein
of (TGBp2), which contains a potexvirus spe-
cific consensus motif: PxxGDxxHxL/FPxG-

ORF OF3
AAAAA,

MG
ORF2 QRF4 ORF5

Figure 2. Schematic organization of the RNA genome of Pep-
ino mosaic virus with its five open reading frames (ORFs). M7G
=5"cap, AAAAAn = poly(A) tail.

GxYxDGTKxxxY (Wong et al., 1997).

ORF4 (nt 5340-5594) encodes the third
TGB protein (TGBp3), a 85 aa protein of 9
kDa. This protein is the most variable among
potexviruses. It contains a CxV/IxxxG con-
sensus motif among potexvirus TGBp3 pro-
teins.

Following ORF4 is the second intergenic
region (IR2) of 38 nts (nt 5595-5632). This IR2
is highly variable in sequence between the
different strains. It precedes ORF5 (nt 5633-
6346), which encodes the 238 aa coat pro-
tein (CP) of 25 kDa. This CP contains the am-
phipathic core sequence KFAAFDFFDGVT. A
similar sequence is also found in the CP of
other potexviruses (Wong et al., 1997) and
it might be responsible for binding of virus
RNA to the CP through hydrophobic inter-
actions.

The 64 nts long 3’-non-translated region
(3"-NTR: nt 6347-6410) precedes the poly(A)
tail and contains the hexameter 5-~ACUUAA
sequence, which is also present in the 3'-
NTR of all potexviruses sequenced so far.
This motif is proposed to be a cis-acting el-
ement involved in the positive and nega-
tive viral RNA synthesis (Bancroft et al., 1991;
White et al., 1992). The 5-AAUAAA polyade-
nylation signal terminates the RNA genome,
whereby the AAA portion forms the first A
residues of the poly(A) tail.

Virus isolates and strains

The first described PepMYV isolate (BBA1137;
Jones et al, 1980) was found on pepino (S.
muricatum) in Peru. This isolate is now con-
sidered the type isolate of the Peruvian (PE)
strain of PepMV. Its full sequence has been
determined and was published as SM74 (acc

© Benaki Phytopathological Institute
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no. AM109896). Full length sequence data
were also obtained from an isolate collected
from a wild L. peruvianum during a survey in
Peru (LP2001; Soler et al., 2002).

The EU-tomato isolate of PepMYV, first de-
scribed in 1999, clearly differs in a number of
characteristics from the original pepino iso-
late from Peru. The differences are most pro-
nounced in the reactions of both isolates on
tomato (S. lycopersicum) in which the pepi-
no isolate does not cause symptoms, where-
as the tomato isolate causes more distinct
symptoms. The two isolates could be also
distinguished on a number of test plants,
most clearly on N. glutinosa and D. stramoni-
um (Verhoeven et al., 2003).

Since 1999, a large number of differ-
ent PepMV isolates were described in com-
mercial tomato crops in different countries.
Many partial sequences and a number of full
length sequences of tomato isolates have
been obtained. Comparisons show that iso-
lates of the Peruvian and the EU-tomato
strains are closely related and share approxi-
mately 95% overall nucleotide sequence ho-
mology between their genomes. Compari-
son of full length nucleotide sequences and
deduced amino acid sequences of a number
of tomato isolates from different countries
(Aguilar et al., 2002; Cotillon et al., 2002; L6-
pez et al., 2005) confirmed the very high lev-
els of sequence identity (over 99%) within
the tomato isolates. Table 1 lists the current-
ly available full length sequences of PepMV.

In 2005, Maroon-Lango et al. (2005) pub-
lished the full sequences of two isolates (US1
and US2) collected in 2000 in the USA. These
sequences were obtained directly from total
RNA isolated from a mix of dried symptomat-
ic tomato leaves collected in Arizona. Direct
nucleotide sequence comparisons showed
only 79-82% overall identity between Euro-
pean tomato isolates from France and Spain
and US1 and US2 and 86% overall nucleotide
identity between the RNA genomes of both
US isolates. Pairwise comparisons of each of
the ORFs of US1 and US2 with European to-
mato isolates showed similar levels of iden-
tity. Based on the overall levels of homology
between them, US1 and US2 were consid-

© Benaki Phytopathological Institute

Table 1. Full genome sequences of Pepino
mosaic virus isolates.

Accno Host Isolate Strain
FJ212288 | Tomato ?
EF408821 | Tomato PK Ch2
DQO000984 | Tomato

seed Us1
DQO000985 | Tomato

seed Ch2
AY509926 |Tomato Us1
AY559927 | Tomato uUs2
AM491606 | Tomato Hungary EU-tomato
AM109896 | Pepino | BBA1137 (SM74)' | Peruvian
AJ606359 | Tomato LE2000 EU-tomato
AJ606360 | Tomato LE2002 EU-tomato
AJ606361 | Tomato LP2001 Peruvian
AJ438767 | Tomato Fr EU-tomato
AF484251 | Tomato Sp13 EU-tomato
FJ940223 |Tomato| PD99901066 |EU-tomato
FJ940224 | Tomato DB1 EU-tomato
FJ940225 | Tomato Us1 Us1
FJ612601 Tomato PA

' Original PepMV isolate, as described by Jones et al.
(1980).

ered as new PepMV strains distinct from the
Peruvian and EU-tomato strains.

Two additional full length sequences,
namely Chile-1 (Ch1) and Chile-2 (Ch2), were
obtained from tomato seed batches import-
ed from Chile into the US (Ling, 2007). Both
showed the highest nucleotide similarity
with the previously described US1 and US2
isolates; 98.7% between Ch1 and US1 and
90.7% between Ch2 and US2. Ch1 and Ch2
shared only 78% nucleotide identity and be-
tween 78 and 86% identity to five isolates of
the EU-tomato strain.

At that point the Ch1 isolate was con-
sidered to belong to the US1 group and the
Ch2 isolate to the US2 group. However, de-
tailed sequence alignments of the various
ORFs between Ch2 and US2 (Van der Vlugt,
unpublished) showed a possible recom-
bination point in the ORF1 nt sequence of
US2. Up to nt 2305 the US2 sequence clearly
resembles the Ch2 sequence. However, be-
tween nt 2306 and 4742 the US2 sequence is
nearly identical to the US1 sequence. From
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nt 4742 until the 3’ poly(A) tail the US2 se-

quence again resembles the Ch2 sequence.

Whether this represents a true recombina-

tion event in the US2 isolate or is an artefact

from the sequence assembly process (both

US1 and US2 sequences were obtained from

one RNA sample) remains unclear. Unfortu-

nately, the original infectious material is no
longer available.

Currently four different strains of PepMV
isolates are recognized:

1. The Peruvian (PE) strain, originally found
on pepino (S. muricatum) and wild Lyco-
persicon spp.

2. The EU-tomato (S. lycopersicum) strain.

3. The US1/Ch1 strain.

4. The Ch2 strain.

Several studies have shown that isolates
from the EU-tomato and Ch2 strains can read-
ily occur simultaneously in a mixed infection
in plants (Pagan et al, 2006; Hanssen et al.,
2008; Van der Vlugt, unpublished). Detailed
sequence analysis showed different recom-
bination events between the EU-tomato and
Ch2 genotypes. The findings of these recom-
binants in different geographical locations
with different recombination points, suggest
that genetic recombination between PepMV
strains may not be a rare event.

The differences in symptom expres-
sion between isolates of one strain as well
as between isolates of different strains, do
not allow biological differentiation between
strains. Serological differentiation is also not
possible with the currently available (poly-
clonal) antisera. Given the clear genetic dif-
ferences between strains, a number of mo-
lecular tests have been developed that can
differentiate between strains. These are
based on strain-specific RFLP patterns (Mar-
tinez-Culebras et al., 2002) or strain-specific
RT-PCR primer sets (Ling et al., 2007; Hans-
sen et al., 2008; Mumford, unpublished; Van
der Vlugt, unpublished) or a combination of
both (Alfaro-Fernandez et al., 2009).

Virus epidemiology

The origin of PepMV clearly lies in South

America. Studies showed that the virus is
likely to be widespread in wild Lycopersi-
con spp. in Peru, even in isolated wild pop-
ulations (Soler et al., 2002), suggesting that
Peru might be its centre of origin. Interest-
ingly most infected wild Lycopersicon spp.
showed no distinct symptoms, which might
suggest a long term relationship with the vi-
rus. Several studies have confirmed that the
original pepino isolate is characterised by
the absence of, or only very mild symptoms
on commercial tomato crops (Van der Vlugt
etal.,2002). The strain now known as the EU-
tomato strain of PepMV caused more dis-
tinct symptoms on tomato although these
were still relatively mild.

Detailed population studies from Spain
on material collected between 1998 and
2004 confirmed the prevalence and ho-
mogeneity of the tomato strain isolates as
well as their presence since 1998 (Pagan et
al., 2006). However, there were clear indica-
tions for several independent introductions
of this virus strain both in the Canary Islands
and the Spanish mainland. Interestingly, in
addition to the tomato strain, the original
pepino strain and the US2/Ch2 strain were
also found, but always in mixed infections
with the tomato strain. Both strains were
shown to be already present in Spain since
2000. This is surprising since the Ch2 strain
was only recognised for the first time in
2006. Recently the US1 strain was also found
on the Canary Islands (Alfaro-Fernandez et
al., 2008), and this is the first official report
on the occurrence of this strain outside the
uUs.

The above data suggest that different
strains of PepMV, at different occasions,
have spread from South America, most like-
ly from different host plants, such as pepi-
no, wild Lycopersicon spp. or other as yet
unidentified hosts, resulting in different in-
troductions of the virus in different parts of
the world. A number of virus characteristics
are likely to have contributed to this:

# The original pepino strain is (nearly) symp-
tomless in commercial tomato.

# Proper diagnostics for the virus only be-
came available after the recognition of

© Benaki Phytopathological Institute
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the tomato strain in commercial tomato
crops.

# As a potexvirus, PepMV is easily mechani-
cally transmissible and remains infectious
for several weeks in plant debris or on
contaminated surfaces.

¢ Tomato fruit harvested from infected
plants contain high concentrations of the
virus and as such, they can easily spread
the virus over long distances.

Due to the absence of explicit symp-
toms, the initial introduction of PepMV into
Europe in commercial tomato crops may,
thus, have remained largely unnoticed.
Nothing is known about the possible occur-
rence of the EU-tomato, Ch2 or US1 strains
in pepino or in wild and cultivated Sola-
num spp. in South America and the precise
origin of these strains remains unknown. It
has been suggested that the EU-tomato and
Ch2 isolates show an increased fitness and
virulence in commercial tomato crops. This
might explain the fast worldwide spread of
the virus problem.

Although PepMV was already present in
Spain since 2000, the Ch2 strain has spread
quickly over Europe after 2005. No obvious
reasons for this have been identified. It is
also not clear if this strain is more compet-
itive than the EU-tomato strain. Both strains
often occur in mixed infections and genet-
ic recombinants between the EU-tomato
and Ch2 strain have been identified both in
Spain (Pagan et al., 2006) and Belgium (Han-
ssen et al, 2008). It is not known to what
extent these mixed infections and recom-
bination events have contributed or will
contribute to the severity of the virus symp-
toms or to the spread of the virus problem.

Seed transmission has been implicat-
ed in the spread of the virus. The introduc-
tion through infected seed of such a high-
ly contagious virus in only a few plants in a
nursery can obviously result in the infection
of many thousands of plants in a very short
time. For this reason, PepMV has a quaran-
tine status on tomato seeds in the Europe-
an Union. Directive 2004/200/EC prohib-
its the trade of seeds collected from PepMV
infected plants or from plants not officially

© Benaki Phytopathological Institute

tested for the absence of PepMV. Recently, a
study on the possibility of seed transmission
of PepMV was conducted within the frame-
work of the EC FP6 funded research project
PEPEIRA (‘Pepino mosaic virus: epidemiology,
economicimpact and pest risk analysis’; www.
pepeira.wur.nl). In this study, 100,000 seeds
were harvested from an infected crop. Fol-
lowing only marginal cleaning without any
disinfection, the seeds were sown and the
seedlings were tested for PepMV infection
by DAS-ELISA. Of nearly 9,000 tested batch-
es of 10 seedlings each, only 23 were positive
(Hanssen et al., in press). This corresponds to
a seed transmission rate of 0.026%, which is
in good agreement with earlier tests (Krin-
kels, 2001; Cérdoba-Sellés et al., 2007).

Virus damage and control

Initially PepMV infections in commercial to-
mato crops were reported as relatively in-
significant with no apparent plant or fruit
symptoms and no or very limited yield re-
duction. Studies from the UK, however, re-
ported significant effects on fruit quality
(Spence et al., 2006). Smaller sized fruit with
different grades of uneven ripening and dis-
coloration and occasionally misshaped fruit
due to PepMV infection led to production of
fruit unsuited for the fresh UK market and
hence to economic damage.

Studies indicate that symptom induc-
tion by PepMV is highly dependent on en-
vironmental conditions. In Spain, PepMV-
infected tomato plants showed symptoms
only from autumn through spring and
symptoms disappeared in late spring when
higher temperatures occurred. Similar ef-
fects of high temperatures and high light
conditions have been reported from oth-
er countries. However, symptoms on Pep-
MV-infected plants can be highly variable,
ranging from very mild leaf symptoms to se-
vere leaf and stem necrosis and fruit symp-
toms. Mild, chlorotic or necrotic PepMV iso-
lates from both the EU-tomato and the Ch2
strains have been reported. This suggests
that the capacity of the virus to induce dif-
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ferent symptoms is a property of the isolate
rather than of the strain. Mixed infections
with different strains of PepMV are relatively
common, especially with the EU-tomato and
Ch2 strains. Synergism resulting from mixed
infections of the EU-tomato and Ch2 strains
has been reported (Hanssen et al., 2009), but
this is not very common. The precise effects
of the mixed infections on the symptoma-
tology of the disease caused by PepMV are
unknown. In addition it should be noted
that it is not always clear what the possible
contribution of other plant pathogens in the
expression of symptoms may be.

PepMV is a mechanically transmitted vi-
rus. The most important transmission routes
are through contaminated tools, clothes
and surfaces. The virus is relatively stable
at room temperature and can survive and
stay infectious for several weeks in plant
debris and on contaminated surfaces. Fruit
from infected plants may contain high con-
centrations of the virus even if they do not
show symptoms. Long distance transmis-
sion of the virus with fruit is highly likely and
much more likely than transmission through
infected seeds. Insects may also play a role
in spreading the virus within and between
crops. Bumble bees, often used as pollina-
tors in glasshouses, were shown to trans-
mit the virus (Shipp et al., 2008). Implemen-
tation of strict hygiene protocols during the
growing season and thorough cleaning of
greenhouses at the end of the growing sea-
son have shown to effectively control the in-
troduction and spread of the virus.

Effective control of the virus in commer-
cial tomato crops should be based on the
use of virus-free seeds and planting mate-
rial, strict hygiene measures and a constant
monitoring of possible infections.
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APOPO ANAZKOIMHXHZ

16¢ Tou pwoaikou Tou nemivo (Pepino mosaic virus)

R.A.A. van der Vlugt

NepiAnpn O 16¢ Tou pwodikol Tou memivo (Pepino mosaic virus, PepMV) givat £vag véog OXeTIKG 106
mou avadeixOnke o€ ONUAVTIKO aypovopikd mpdBAnua péoa o GUVTOO XPOVIKO StdoTtnua. O 106 &i-
val PéNoG Tou yévoug Potexvirus Tng olkoyévelag Flexiviridae kat petadiSetal EVKONA E UNYXAVIKO TPO-
mio. MpooBaAAel Tnv Topdta (Solanum lycopersicum) kat GAAa cohavwdn. Ao Tnv apxIKr Tou TIEPLypa-
N 10 1980 o¢ QuTA memivo (Solanum muricatum), mou cUAAéXBNoav oTo Mepou 1o 1974, 0 16¢ apEEL-
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56 Van der Vlugt

VE AyVWOoTOog Yia YeYEAo Xpovikéd Sidotnua péxpL TNV EUPAvIOr Tou og KaAMEPYELEC TopdTag oTny Eu-
PW1N 10 1999. A6 TOTE 0 160G £xEl EEamAwOEl mTayKAOopLa Kot TPOKAAEL onuavTikd mpoPAfuata og eprmo-
pIkéG KaANEPYELE TopdTag. AT To 1999 €xouv ENPAVIOTEL VED GTENEXN TOU 10U TTOU S1aQEPOLV amod TV
ApPXIKN amopdvwon amé utd memivo. H Tayeia peTadoon Tou 10V Kabwe Kal N EUeAvion UIKTWV HOANOV-
OEWV PE Ta véa oTeENEXN Tailouv mMBavOv onpavTike poAo otnv avénon g oofapdtntag Tng aobével-
ag mou TPOKAAE( 0 106,
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Effectiveness of Apis mellifera and Bombus impatiens as
dispersers of the Rootshield® biofungicide (Trichoderma
harzianum, strain T-22) in a strawberry crop

S. Albano', M. Chagnon?3, D. de Oliveira?, E. Houle?, P.O. Thibodeau® and A. Mexia*

Summary Two experiments were performed in Québec (Canada), in the field and in a greenhouse,
to assess the effectiveness of Apis mellifera L. and Bombus impatiens Cresson (Hymenoptera: Apidae) in
transmitting Trichoderma harzianum Rifai, strain T-22, to strawberry flowers from hives-mounted dis-
pensers containing the biofungicide Rootshield®. The number of Colony Forming Units (CFU) of T. har-
zianum was determined: (i) on bees exiting from hives-mounted dispensers containing the biofungi-
cide; (i) on foragers visiting the strawberry flowers; (iii) on open flowers exposed to pollinator visits;
(iv) on flowers that had only one visit, and (v) on flowers without visits. The results showed that both
honey bees and bumble bees have the potential to get dusted with T. harzianum from the Houle-dis-
pensers and disperse the biofungicide to the flowers. The assay with bumble bees allowed to obtain
positive correlations between the CFU per bumble bee and the CFU per flower and also, between the
length of visit and the CFU per flower. The density of inoculum that was deposited after one single vis-
it of honey bee or bumble bee was also determined. Advantages and limitations of the used hive-dis-
pensers were identified for future improvements.

Additional keywords: bumble bees, disseminators, honey bees, inoculum dispenser

Introduction

The use of pollinator insects to disperse bi-
ological control agents is a relatively recent
technique, which has been tested in sever-
al scientific works since 1990. The technique
has already been tested for the control of
several pests affecting diverse agricultur-
al crops (2, 7, 11, 14, 16, 23, 30, 31). The pol-
linators mainly used were honey bees and
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bumble bees as they have hives easier to
manipulate although, more recently, these
types of studies have been using other spe-
cies such as Osmia cornuta Latreille (Hy-
menoptera: Megachilidae) (22). This new
technique makes pollinators useful by two
means which influence productivity of
crops: pollination and crop protection. This
method can be a practical option for grow-
ers working under integrated and biological
pest management requirements (20).
Historically, however, this biocontrol
method has mostly been used to fight grey
mould (Botrytis cinerea Persoon: Fries), which
is the main fungal pathogen affecting ber-
ry fruit crops like strawberry (17, 18, 19, 25,
27, 29). Since in this pathosystem the flow-
er serves as an infection site (6), the disper-
sal of a control agent directly to the flowers
against this pathogen thus explains the suc-
cess of this technique on this crop. Further-
more, the use of bee colonies to assure a bet-
ter pollination of strawberry is a common
practice among farmers since several stud-
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ies have shown the importance of pollinat-
ing insects for the improvement of strawber-
ry crop production, in terms of fruit quality
(size, weight and shape) (1, 4, 8, 9, 24).

In Québec, the CRAAQ (Centre de Réfer-
ence en Agriculture et Agroalimentaire du
Québec) recommends strawberry grow-
ers to apply the fungicide chlorothalonil at
the vegetation and two other sprays of oth-
er registered fungicides for grey mould dur-
ing flowering. As a consequence, only those
flowers that are open during that moment
become protected. After flowering, the fun-
gicide labels recommend several applica-
tions at 7- to 10-day intervals or at 5-day in-
tervals if conditions are favourable for the
spread of the disease. Although some stud-
ies point out the negative consequences of
some fungicides on strawberry pollen ger-
mination (13), these products are most of-
ten used without the knowledge of this
fact. Furthermore, the repulsive behaviour
of those fungicides to pollinators has appar-
ently never been examined. Another identi-
fied problem is the development of resistant
forms of B. cinerea to some fungicides used
in strawberry plantations (12).

The present study is part of a wid-
er framework that aims at reducing the
amount of fungicides used to fight the grey
mould fungus, bringing down production
costs and increasing the treatment efficacy
by dispersing selected fungicides that are
non-toxic for pollen and non-repulsive for
pollinators, such as honey bees and bum-
ble bees. This project is pioneering in the
sense that it included the testing of the dis-
persion of a biofungicide and synthetic fun-
gicides in its global scope, using dispensers
that are adapted either to the hives of honey
bees or those of bumble bees. Previous tests
were performed in order to select the non-
toxic and non-repulsive fungicides both for
strawberry pollen and pollinators, respec-
tively. Among these fungicides the biofungi-
cide Rootshield® a commercial formulation
of the antagonist Trichoderma harzianum Ri-
fai, and several synthetic fungicides were se-
lected (10).

T. harzianum is an antagonistic fungus

of a wide range of pathogens including B.
cinerea that is responsible for grey mould
on strawberry (3, 15). There is a diversity of
mechanisms available to Trichoderma spp.
for pathogen suppression, including (i) the
production of antifungal metabolites, (ii)
mycoparasitism, and (iii) competition with
the pathogen for nutrients and space. These
features make this fungus attractive as a bio-
control agent (26).

The scope of the present study includ-
ed the need to demonstrate the efficiency
of the dispersion of fungicides by pollinators
that pass through the dispenser to the flow-
ers that they visited. Because this task is easi-
er and cheaper to achieve using conidia of T.
harzianum that can be grown on agar medi-
um, than synthetic fungicides which require
costly analysis, this validation was performed
only with the Rootshield® biofungicide.

The main purpose of this study - which
intends to satisfy one of the tasks of the wid-
er project that was mentioned above - was
therefore to determine the effectiveness of
honey bees and bumble bees in transmit-
ting the powder formulation of T. harzianum
from hives-mounted dispensers containing
the biofungicide Rootshield® to flowers in
open field and greenhouse assays.

Materials and Methods

1. Dispensers

The construction of the first dispenser
model for honey bees was based on works
by Gross et al. (16) and Kovach et al. (17).
Modifications were made to this model by
Emile Houle. After several tests, the original
model was gradually improved before a final
model, now called the Houle-dispenser, was
attained (Figure 1). This later model is entire-
ly made of folded sheets, providing the po-
tential for its fast and easy construction. Fur-
thermore, several holes were incorporated
on the sides in order to avoid internal wa-
ter condensation. The new design allows
the dispenser to be adjusted to the beehive
entry without difficulty. The dispenser has a
system that makes bee entries and exits in-
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dependent from each other. The fungicide
container (drawer) can be removed and re-
placed in order to be emptied and cleaned
without effort.

A small dispenser that is adjustable to
commercial bumble bee hives was also de-
veloped by Emile Houle, based on work
by Kovach et al. (17). Following preliminary
tests, it was also modified in order to allow
bees to exit and enter the hive by separate
paths (Figure 2) therefore avoiding fungi-
cide to be carried inside the hive. Addition-
al procedures were later carried out in or-
der to assure a better adaptation of bumble
bees to the dispensers: (i) the area surround-
ing the entrance holes were coloured in yel-
low (A') (Figure 2) in order to help the insects
to detect and remember their location, and
(i) the dipensers were installed on the very

Beehive
PO M e lI 2 Bees
— .T. harzianum | Exlt \ /I‘
o - Bees

entrance *

Figure. 1. Houle-dispenser adapted to hives
for honey bees [drawing by Jocelyn Boulianne
in Chagnon et al. (10)].

BUMBLE BEE HIVE

T. harzianum

A.! B|
OUTSIDE

Figure 2. Houle-dispenser adapted to com-
mercial hives for bumble bees. A - colony box
entrance, B - colony box entrance/exit, A- dis-
penser entrance, B'- dispenser exit.
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first day the hives were open. Koppert hives,
used in our experiments, have an one-way
door for entries (A) and a two-way door for
entries and exits (B) (Figure 2). Following the
application of the above mentioned proce-
dures, bumble bees were observed always
entering door A’ and exiting door B’ (Figure
2).

2. Experimental procedure

The assays for both honey bees and
bumble bees took place in Québec, Can-
ada, during June and July 2005. The hon-
ey bee assay was done at lle d’Orléans, and
at the Saint-Lambert Experimental Station
(IRDA). Four honey bee [Apis mellifera L. (Hy-
menoptera: Apidae)] hives with 20 frames
each were placed at about 50 meters from
the 1 ha experimental strawberry [Fragar-
ia x ananassa Duch. (Rosaceae)] fields with
the cultivar Seascape. The beehives at the
Saint-Lambert Experimental Station were
used only for the capture of honey bees ex-
iting from hives-mounted dispensers con-
taining T. harzianum. The bumble bee as-
say took place in July 2005 in a greenhouse
(80 m?) at the IRDA (Institut de Recherche et
Développement en Agroenvironnement), in
which a Koppert commercial hive for bum-
ble bees [Bombus impatiens Cresson (Hy-
menoptera: Apidae)] was installed. The cul-
tivar used was also Seascape.

The methodological approaches were
similar for both the field and greenhouse
activities as well as for the laboratory pro-
cedures. In order to allow a better adapta-
tion of the bees, empty dispensers were fas-
tened to the hives a few days before the
experiments begun.

2.1. Fieldwork

All the dispensers used in the experi-
ments were filled on a daily basis with the
biocontrol agent T. harzianum, strain T-22
(commercial label: Rootshield®, BioWorks,
Inc). Every morning, when the weather con-
ditions were favourable for bee activity,
the dispensers in the honey bee and bum-
ble bee hives were filled with 6g and 2g of
the biofungicide, respectively. The biofun-



60 Albano etal.

gicide was kept in the freezer (-16° C) until
it was placed in the dispensers. The prepara-
tion of T. harzianum used in the experiments
contained a 9.8 x 10° Colony Forming Units
(CFU)/gformulation.

2.1.1. Inoculum on pollinators

For the honey bee assay, a sample of
30 honey bees exiting from hives-mount-
ed dispensers containing T. harzianum was
collected. These captures were performed
about one hour after the filling. In the bum-
ble bee assay a sample of 10 bumble bees
exiting from the hives-mounted dispensers
with T. harzianum was collected in the fol-
lowing three hours after the filling.

In both experiments, a sample of 30 pol-
linator foragers visiting the strawberry flow-
ers was also collected. During the honey
bee assay, there were no other beehives in-
stalled at a radius of 3 to 4 km. The forag-
ing bee samples collected in the experimen-
tal field thus most probably belonged to the
hives-mounted dispensers.

2.1.2. Inoculum deposited on flowers

During each assay (honey bee and bum-
ble bee), a total of 120 flower buds were
randomly marked in two groups: 60 flow-
er buds were isolated with a small tulle bag
to exclude all insect visits during the exper-
iment (control flowers); the other 60 flower
buds were kept unscreened to bee visits. For
this second group, every morning the flow-
er buds were checked, and the newly open
flowers were left exposed to the bees for
that day and collected at the end of it.

Additionaly to these two groups of flow-
ers, a third group was defined in each of the
assays: flowers exposed to a single visit. For
that, in a given location of the field and of
the greenhouse, a large area of the straw-
berry plants was kept screened with a mesh
cloth until experimental observations were
performed. During the observation periods,
the screens were removed and the open vir-
gin flowers were exposed to a single visit. In
the honey bee and bumble bee assays, sin-
gle bee visits were recorded for 20 and 30
flowers, respectively.

For the bumble bee assay, when an open
virgin flower was visited, the arrival and de-
parture of the visiting bee was vocally reg-
istered with a tape recorder for a later de-
termination of the length of each visit. After
a sample of 30 flowers (mentioned above),
the following 12 observed flowers were al-
lowed to be visited two or three times each,
performing a total of 42 observed flowers.
Whenever possible, the bumble bee that
made the corresponding visit was captured,
in a total of 30 insects.

2.2. At the laboratory

The insect and flower samples collected
during each assay were individually stored
in a glass container and carried to the labo-
ratory. All samples were kept preserved in a
freezer (-16° C) before their analysis.

To each sample collected during field-
work (flowers and insects) 20 ml of distilled
water with Tween (0.01%) were added and
the resulting suspension was shaken for
one hour. Subsequently, 400ul of the origi-
nal suspension were plated on a Trichoder-
ma selective medium. This growth medium,
modified from Smith et al. (28), contained
the following chemical compounds (g/L):
Ca(NO,), 1.0; KNO,, 0.26; MgSO, 7H,0, 0.26;
KH2P04, 0.12; CaCl,.2H,0, 1.0; citric acid, 0.05;
sucrose, 2.0; agar, 20.0. After adjusting the
pH to 4.5 and when temperature decreased
to 45°C, the following antibiotics and fun-
gicides were added (g/L): tetracycline, 0.05;
streptomycine, 0.10; Senator® (70%) (oxy-
chloride + maneb + sulphur), 0.0143 and
quintozene (75%), 0.02666. Three Petri dish-
es (replicates) were used for each sample.
No dilutions were performed with the ex-
ception of the samples of bumble bees that
were captured while exiting the hives.

The Petri dishes were kept in the labora-
tory at 22°C and the number of colonies that
developed was counted about eight days af-
ter plating took place.

2.3. Data analysis

For all the samples (flowers and insects)
that resulted from the two experiments, the
mean number of CFU was estimated from
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the three replicates mentioned above. For
each sample group, the means were aver-
aged and the respective standard devia-
tions were computed. The percentage of
flowers or insects in which the presence of
T. harzianum was detected was also calcu-
lated for each analysed sample group. In or-
der to compare the T. harzianum CFU den-
sity per flower between the flowers freely
exposed to pollinator’s visits and those ex-
posed solely to a single visit, non-paramet-
ric Mann-Whitney U tests were performed.
For the bumble bee assay Spearman correla-
tions between the number of CFU per visit-
ing bumble bee and the number of CFU per
flower, and also between the total length
of visits and the number of CFU per flower,
were computed.

The significance level used for all the
tests was 5%. Statistical tests were per-
formed with STATISTICA version 7.0 [Stat-
Soft, Inc. (2004)].

Results

1. Inoculum on pollinators

In both the honey bee and bumble bee
assays, all the individuals that were captured
while exiting the hives-mounted dispensers
carried the inoculum. The mean density of
inoculum transported per insect was 3.92 x
10°+ 1.73 x 10° CFU for honey bees and 7.19 x
10% + 2.17 x 10*CFU for bumble bees.

Approximately 40% of the honey bees
that were captured during their foraging ac-
tivity carried remaining traces of T. harzianum,
with a density of 53.33 + 95.43 CFU per bee.
On all bumble bees that were caught while
visiting flowers the presence of the biofun-
gicide was detected with a mean density of
6.59 x 10° £ 1.92 x 10° CFU per bumble bee.

2. Inoculum deposited on flowers
In both the assays, the presence of T. har-
zianum was not detected in the control flow-
ers. However, the fungus was detected in
other samples of plant material taken from
locations where the experiments took place.
In the honey bee assay, there was no sig-
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nificant difference between the mean den-
sity of inoculum found on freely exposed
flowers and on flowers that were exposed to
a single visit (Z= 0.75; P=0.45), although the
latter showed a higher density of CFU (Table
1). The percentage of flowers having detect-
able biofungicide was almost the same for
both flower samples (Table 1).

In the bumble bee assay, the flowers ex-
posed to a single bumble bee visit showed
an average number of CFU per flower signif-
icantly lower than flowers that were freely
exposed to bee visits (Z= -7.28; P < 0.0001)
(Table 2). While 100% of the freely exposed
flowers contained T. harzianum, only 75% of
the flowers exposed to single visits had ves-

Table 1. Percentage of flowers in which the
presence of T. harzianum has been detected,
and means of the number of CFU per freely
exposed flowers and per flower exposed to
a single honey bee visit.

0
% of ﬂowers CFU/flower
with (mean +s.d.)
T. harzianum -
Freely exposed
flowers to honey|  33.33% 26.27 +87.99a
bee visits
Flowers exposed
to a single 34.78% 118.84 £ 222,44 a
honey bee visit

Means within a column followed by the same letter do
not differ significantly.

Table 2. Percentage of flowers in which the
presence of T. harzianum has been detected,
and means of the number of CFU per freely
exposed flowers and per flower exposed to
a single bumble bee visit.

o)
wofflowers g0 er
with (mean +s.d.)
T. harzianum T
Freely exposed
flowersto bum-|  100% |1.25x 10+ 8.97 x 10b
ble bee visits
Flowers
exposedtoa | /50, 123.44 + 196.01 a
single bumble
bee visit

Means within a column followed by the same letter do
not differ significantly.
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tiges of the biofungicide presence (Table 2).

Spearman correlation analyses per-
formed on data obtained from the bumble
bee assay showed a positive correlation be-
tween the number of CFU per bumble bee
forager and the number of CFU per corre-
spondent visited flower (r, = 0.45; n= 28; P=
0.01). A positive correlation was also found
between the total length of visits and the
number of CFU per flower (r, = 0.33; n= 42;
P=0.03).

Discussion and conclusions

Inoculum picked up by pollinators exit-
ing the hive-mounted dispenser

The average load of inoculum carried by
each honey bee exiting the hives-mount-
ed dispensers was lower than that men-
tioned in other works for T. harzianum (17,
19, 27). Although the sample size was not
very large, the amount of inoculum on bum-
ble bees exiting the hive was comparable
to that obtained in other work with Bom-
bus terrestris using another dispenser mod-
el [OP-dispenser- 4.3 x 10* CFU per bumble
bee (27)].

However, the results of the studies men-
tioned above cannot be directly compared
to ours, since (i) most of the studies used dis-
penser models different from ours (ii) some
of them do not mention the quantity of in-
oculum that is placed in the dispenser, and
(iii) some do not indicate the length of time
between the filling of the dispenser with
biofungicide and insects capture. Moreover,
in other studies (17) small nuclear honey bee
hives were used while in the present study
we used standard hives. As mentioned by
Bilu et al. (5), some of these factors may in-
fluence the dispenser performance, and,
therefore, in case these factors are not con-
sidered and measured, correct comparison
of the effectiveness between distinct dis-
penser types is not possible.

Bee vectoring dynamics in open field
and greenhouse conditions
According to the results, the load of in-

oculum on the bees while exiting from hives
dispensers is apparently more rapidly lost to
the environment when the vector is a hon-
ey bee than when it is a bumble bee. In the
honey bee assay the inoculum could have
been lost in several ways: (i) losses during
flight activity and grooming behaviour, (ii)
transfer of inoculum to the flowers of the tar-
get crop, or (iii) transfer of inoculum to com-
petitor flowers. Since the honey bee assay
was carried out in open field conditions and
within a more extensive intervention area,
honey bees probably lost the inoculum de-
posited on their bodies more rapidly as they
were successively transferring it to the flow-
ers throughout their foraging trip. As a re-
sult, only 40% of the honey bees captured
during their foraging activity had vestiges
of the inoculum on their body, and quanti-
ties were much smaller than those found on
the bumble bee foragers. Probably for the
same reason, only 33.33% of flowers freely
exposed to honey bee visits were shown to
carry the inoculum. The high percentage of
non-colonised flowers in the honey bee as-
say could be due to the lack of honey bee
visits or because visits were depleted of in-
oculum. Yu and Sutton (31) point out the
same explanation for the absence of prop-
agules of Gliocladium roseum that was re-
corded in 5-20% of the flowers exposed to
pollinator visits.

In both assays the inoculum density that
was deposited on flowers exposed to polli-
nators was very variable. The large variabili-
ty in the number of deposited CFU per flow-
er, reflected in high standard deviations,
imposes some caution in this data interpre-
tation. Other studies also detected this vari-
ability and several factors were pointed out
for explaining that: heterogeneity of the in-
oculum loads in bees, bee vectoring dynam-
ics, orientation of flowers, redistribution of
inocula by the bees, other organisms, air
currents, rain and other factors (2, 31) and, fi-
nally, microclimatic conditions that could in-
fluence the attractiveness of flowers (27).

The mean density of inoculum detected
on freely exposed flowers, in the assay with
honey bees, was considerably lower than
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that observed in other studies focused on
the dispersion of several biocontrol agents
in open field conditions (Table 1) (11, 30, 31).
Shafir et al. (27) have detected 2.2 x 10* CFU
of T. harzianum per flower on strawberry.

As mentioned earlier, these comparisons
should be made with caution since most of
these studies differ in some methodological
details, namely in the features - and hence in
their performance - of the dispensers used,
in the visiting rates and in the respective
length of visits to which flowers have been
exposed. For example, while in most exper-
imental studies the flowers are exposed to
foragers for two (11) or three days (27), in our
honey bee assay, flowers were exposed for
only one day. Although attention was paid
to collecting flower samples during favour-
able sunny days, we observed that foraging
activity in the experimental field was rela-
tively low. The low foraging activity was at-
tributed to the existence of competitor flo-
ra in the vicinities of the experimental field
or the relatively low attractivity of the cho-
sen cultivar. Nevertheless, this result shows
that this biological control method may be
compromised by factors that have an effect
on pollinator activity, such as climatic con-
ditions, attractiveness of the chosen cultivar
and presence of competitor flora in the vi-
cinity of the target crop.

Factors mentioned earlier to explain the
high variability of T. harzianum densities
on flowers exposed to pollinators, togeth-
er with low foraging activity, may explain
the inexistence of significant differences be-
tween the densities of T. harzianum deposit-
ed on freely exposed flowers and on those
that had a single honey bee visit. As the for-
aging activity was so low, the T. harzianum
thatis brushed off from freely exposed flow-
ers by different factors, such as air currents
and redistribution of inocula by the honey
bees and other organisms, is probably not
resettled by successive visits of honey bees.
As a consequence, the resulting density of
inoculum would then be statistically com-
parable to that obtained with a single visit.

In the experiment using bumble bees,
undertaken in a closed greenhouse and
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with a limiting number of available flowers,
inoculum losses during flight and groom-
ing could only occur in a restricted space
and through the repeated transfer of bio-
fungicide within the same set of flowers. As
a result, the bumble bees in foraging activi-
ty retained a high amount of inoculum and
consequently all the flowers that were free-
ly exposed to their visits showed inoculum
densities comparable to those mentioned in
other works (Table 2). More specifically, Yu
and Sutton (31) detected densities of about
0.45x10%-2.5x 10%of G. roseum on raspberry
flowers and Maccagnani et al. (21) observed
densities of about 0.14 x 10° of T. harzianum
on tomato flowers, using the OP-dispenser.
Under greenhouse conditions, not only the
probability of T. harzianum being brushed
off from flowers was lower, since the fac-
tors early mentioned were controlled (for
example air currents, rain and the presence
of other organisms that could act as inocu-
lum dispersers), but also bumble bee activi-
ty was greater allowing the accumulation of
biofungicide throughout several visits.

This study also suggests the importance
of some parameters like the number of CFU
per bumble bee and the length of visit in
determining the amount of inoculum that
is deposited on flowers. We also determined
the density of inoculum that was deposited
after one single visit of honey bee or bum-
ble bee. Even though the present work does
not allow a direct comparison between hon-
ey bees and bumble bees in their effective-
ness as dispersers, since the assays were
undertaken at different experimental condi-
tions, the results demonstrated that bumble
bees ensured, in greenhouse conditions, a
higher percentage of flowers dusted with T.
harzianum - even after one single visit - than
honey bees, in open-field conditions. Previ-
ous works (31) showed that bumble bee col-
onies, although possessing fewer individ-
uals, were at least as efficient vectors of G.
roseum as honey bee colonies. The same au-
thors demonstrated that B. impatiens would
be the preferred vector when the weather
is cool and wet, and honey bees would be
preferable under warm conditions.
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Advantages and limitations of dispens-
ers

The Houle-dispensers for honey bees,
when loaded with T. harzianum and used as
in this study, had some of the requisites that
distinguish efficient dispensers: (i) by avoid-
ing the transfer of inoculum to the hive’s in-
terior by having separate entrances and ex-
its, (i) by assuring that insects get dusted
while exiting the hives-mounted dispensers,
and (iii) by not having negative impacts on
the health of honey bee colonies. This latter
point was shown by an extensive study on
honey bee colony development and honey
production in relation to the use of the in-
oculum loaded dispensers placed on hives
during the three week strawberry flowering
period (10). Nevertheless, in an open field
situation some technical problems were de-
tected after a long-term use of the dispens-
er for honey bees. The main limitation found
was related to the maintenance of the bio-
control agent in good condition for its dis-
persal. According to our observations, some
water condensation in the interior of the dis-
pensers was observed, which resulted in al-
terations in the properties of the biocontrol
agent (cluster formation) that obviously af-
fected the efficacy of its dispersion by pol-
linators. What happens is that the humidi-
ty formed inside the hive during the night
turns out to be more difficult to evaporate
due to the presence of the dispenser in the
hive entrance. This problem was partial-
ly solved by drilling holes in the sidewalls
of the dispensers. Other practical recom-
mendations to minimize this problem are
to place the hives in early morning sun lo-
cations and to replace the biofungicide on a
daily basis after cleaning the dispensers.

Regarding Houle-dispensers for bum-
ble bees, the most important advantage
was to have entries and exits independent
from each other. This was an important im-
provement when compared with previous
dispensers (17) allowing less impact on hive
tunnel traffic and avoiding the transfer of in-
oculum into the hive. As in the Houle-dis-
penser for honey bees, the major limitation
detected was related to the maintenance of

the biocontrol agent in good condition for
its dispersal. In this case, the main problem
was bumble bees letting their liquid excre-
ments over the powder formulation, which
causes it to be no longer available for dis-
persion. Maccagnani et al. (21) identified the
same problem with their SSP-dispenser.
Further investigation should be directed
towards increasing the dispensers’ efficien-
cy, which necessarily implies the optimis-
ation of the existing models and eventual-
ly the creation of new models. As such, we
agree with Bilu et al. (5) that stressed the
need for comparing different kinds of dis-
pensers, using standard methodologies in
order to establish an adequate dataset for
correctly assessing the technique for the
dispersion of biocontrol agents by bees.
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AMOTEAECHATIKOTNTA TWV EVTIOUWYV Apis mellifera kau
Bombus impatiens w¢ mapayoviwv diacmopag tov
Blopukntoktovou Rootshield® (Trichoderma harzianum,
oTtéAeXoq T-22) otnv KaAAiépyela TG ppAaoviag

S. Albano, M. Chagnon, D.de Oliveira, E. Houle, P.O. Thibodeau and A. Mexia

Nepidnyn Ztnv mapoloa PeAETN eKTIUABNKE N amoTeEAECUATIKOTNTA TwV 18wV Apis mellifera L. kat
Bombus impatiens Cresson (Hymenoptera: Apidae) wg mapayoviwy HeTapopdg Tou BIOPUKNTOKTOVOU
Rootshield® (Trichoderma harzianum, oté\exog T-22) ota avOn @pdoulag amod dlaoTmopeic mpocappo-
opévoug o€ kKuPéAeg (hives-mounted dispensers). Mpayuatomomridnkav dVo Brodokiég, pia og aypo
Kal pia o€ Beppoknmio, oto Kepmék Tou Kavada. O aplBuog twv moAamiactaotikwy povddwy (Colony
Forming Units, CFU) tou T. harzianum mpoo61opioTnke: a) mavw oTig péNOOEC, Kata Tnv ££066 Toug and
Toug Slaomopeic, B) o€ GUNNEKTPLEG LEMOOEC TTOU EMIOKEMTOVTAV Ta AV TNE PPAOUAAC, Y) OE AVOIKTA
avon mou 8éxBnkav Tnv emiokePn emKoviaoTwy, §) ae avOn mou déxBnkav ia EMoKEPN EMKOVIAOTH,
Kal €) og avln mou Sev 8éxBnkav emiokeyn emkoviaoTh. Ta amoteréopata £8e1€av 611 TG00 ot PENOOES
000 Kalt ol Boppivol pmopouv va mpocAdBouv To BIOHUKNTOKTOVO TTapdyovTa amé Toug SLI0oToPE(C Kal
va Tov PeTagépouv ota aven. H Blodokipr pe Toug BopBivoug €61 OTI ummpxe BETIKN CUOXETION LE-
1av Tou CFU ava dtopo Boppivou, Tou CFU ava dvBog ppdoulag, kabwg Kal petady tng S1apKelag tng
emiokePnc Tou emkoviaoTh Kal Tou CFU ava dvBoc. EmimAéov, mpooblopioTnke n MUKVOTNTA TOU HOAU-
OMOTOC TTOV EvVaToTiBeTo 0Ta AvOn peta amo kdbe emiokePn pehloowv 1 Poupivwv. TéEdog mpoadiopi-
OTNKAV TA TTAEOVEKTAKATA AANA Kal Ol TIEPIOPIOHOI TWV XPNCILOTIOINBEVTWY KUPEAWV-OI00TIOPEWY E
okomd Tn peAoVTIKNA Toug Bertiwon.
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SHORT COMMUNICATION

Occurrence of Phomopsis sp. on kiwi plantations in Northern

Greece

K. Elena

Summary Symptoms of severe shoot cankers with internal wood discoloration were observed in
commercial kiwi plantations, cv. Hayward, in the region of Skydra, Northern Greece. Additional symp-
toms included browning of the abaxial surface of leaves, necrotic, slightly depressed lesions with in-
ternal rot on fruit and peduncle necrosis resulting in formation of smaller fruit. The fungus Phomopsis
sp. was consistently isolated from the diseased tissues. In artificial inoculations of shoots and detached
fruit, symptoms of the disease similar to those occurring in nature (internal wood discoloration and

fruit rot) were reproduced.

In September 2008, severe shoot necroses
of kiwi plants (Actinidia deliciosa C.F. Liang.
& A.R. Ferguson), cv. Hayward, with inter-
nal wood discoloration (Figure 1) were ob-
served in commercial plantations in the re-
gion of Skydra, Northern Greece. Fruit rots
commencing from necrotic, slightly de-
pressed lesions (Figure 2), peduncle necro-
sis bearing fruit of reduced size and brown
discoloration of the abaxial surface of the
leaves, were also observed. Isolations were
made from diseased tissues on PDA medium
in order to identify the causal agent. Black
pycnidia were produced in culture with two
types of hyaline conidia: a-conidia, ellipsoid,
one-celled, 5-8.5 x 2-3.5 um and B-conidia,
filiform, curved or bent, one-celled, 17.5-27.5
x 1.3 ym (Figure 3). The cultural and mor-
phological characteristics of the isolates fit-
ted the description of Phomopsis sp.
Pathogenicity was determined by wound-
inoculating shoots of 2-year-old potted kiwi
(cv. Hayward) plants and detached fruit with
either a conidial suspension (10° conidia/ml)
or a mycelial disk (8 mm in diameter), both
deriving from 3-week-old cultures grown

Laboratory of Mycology, Department of Phytopathol-
ogy, Benaki Phytopathological Institute, 8 St. Delta str.,
GR-145 61 Kifissia (Athens), Greece.
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on PDA dishes at 22°C. One droplet (20 pl) of
the conidial suspension was placed on top
of each shoot or fruit wound (8 mm-diam-
eter). In addition, an 8 mm in diameter disc
of bark was removed from each shoot with
a cork borer and a mycelial disk (8 mm in di-
ameter) was inserted with the mycelium fac-
ing the shoot. Fruit were inoculated by in-
serting the mycelial disk 3-4 mm under the
skin. Wounded shoots were wrapped with
Parafilm one hour after inoculation, where-
as fruit were placed in polyethylene bags
immediately after inoculation. In anoth-
er experiment, unwounded fruit were sim-
ilarly inoculated with a conidial suspension
or a mycelial disk. Control shoots and fruit
were treated with sterile distilled water or
sterile PDA disks. For each treatment, seven
shoots and/or fruit with two wounds each
were used as replicates. Inoculated and con-
trol shoots and fruit were incubated at 20-
25°C. Ten and 15 days after inoculation, dis-
ease symptoms were observed on wounded
shoots and fruit by means of wood discol-
oration and fruit rot, respectively and Pho-
mopsis sp. was re-isolated from the artificial-
ly inoculated shoots and fruit. No symptoms
were observed on unwounded fruit or con-
trol shoots and fruit.

The fungus has been reported to cause
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Figure 1. Kiwi shoot showing internal wood discoloration due
to Phomapsis sp. infection.

Figure 2. Necrotic lesions (a) and internal rot (b) of kiwi fruit
infected by Phomopsis sp.

problems in other kiwi-growing countries
too, and Diaporthe actinidiae is considered
to be its perfect stage (1, 2, 3). Phomopsis sp.
has been previously reported to cause leaf
spots and shoot necroses of kiwi plantations
in Western and Northern Greece, respective-
ly (4). Kiwi is an economically important crop
in Greece grown in areas characterised by
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Flgure 3. Comdla of a- and B-type of Phomapsis sp.

humid climatic conditions, which presum-
ably favour the infection and the spread of
the disease during the growing season.

I would like to thank Mrs Sofia Migardou for
her substantial technical assistance.
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MNapovugia Tou puknta Phomopsis sp. 0€ OMWPWVEG AKTIVISIAG
otn Bopela EAAada

K. EAéva

NepiAnPn  ZupnTOUATA EVTOVWY ENKWV UE ECWTEPIKO PETAXPWHATIONS TOu UMV mapatnpRBnkav
o€ eTfiolou PAacTou¢ akTIVISIAC TTotKiNiag Hayward o€ eumoplkoUg omwpwveg 0Tnv mEPLOXH TNG ZKU-
Spag, B. ENAaSa. EmmAéov mapatnprinke KAoTavOS HETAXPWHATIOUOC TNG KATW EMPAVEIAC TwV QUA-
Moy, VEKPWTIKEC, EAaPPWC Pubiopéve KNAIGEC e EOWTEPIKN ONYN 0TOUC KAPTTOUC Kal VEKPWON TOU
moSioKoU pE amoTENEOHA TN UEiwon Tou peyEBoug Twv Kapmwv. Ao Toug TTpooPePAnuévouc 10Tolg
amopovwonKe o PUKNTag Phomopsis sp. Ze dokipég maboyévelag mou €yvav, avamapdybnkav ta ou-
UITTWHATO TOU HETAXPWHATIONOU ToU UAOU Twv BAACTWV KAl TG OAYNE TWV KAPTIWV.
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SHORT COMMUNICATION

First record of Echinothrips americanus in Serbia

L. Andjus’, M. Jovi¢' and S. Trdan?

Summary In 2005, Echinothrips americanus Morgan (Thysanoptera: Thripidae) was first recorded in
Serbia. Adults and larvae were found on leaves of Syngonium sp. in one of the largest florist shops in
Belgrade. E. americanus exhibits several advantageous properties, which made its introduction into
Serbia easier. The species causes direct damage to the leaves of its host plants. Compared to the west-
ern flower thrips, Frankliniella occidentalis (Pergande), E. americanus is less resistant to insecticides and
less able to inhabit new areas. For this reason we suggest the use of environmentally friendly control

methods for the pest species in question.

E. americanus Morgan (Thysanoptera: Thrip-
idae) is the only representative of the genus
recorded outside the Nearctic region. It was
first recorded in southeastern USA (6). Today
in that region the insect is primarily a pest
of greenhouse ornamentals, though under
warmer climatic conditions it can also over-
winter in the open, mostly on weeds in the
forests (10). There are references to its occur-
rence in California, Mexico, Hawaii and the
Bermuda islands (1). The first significant oc-
currence of E. americanus in Europe was re-
ported in 1993 in The Netherlands, where
the species was found on plants of the gen-
era Syngonium and Homalomena (10). The
pest was later recorded in England (1) and in
at least nine other European countries (8).
The thrips has a wide host plant range
and is extremely polyphagous. It prefers
plants of the Araceae and Balsaminaceae
families, though it has been found on plants
belonging to 24 families (10). In the USA, the
most common hosts are those belonging to
the genera Dendranthema, Euphorbia, Impa-
tiens and Medicago as well as some woody
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ornamentals. The most important hosts of
E. americanus in England are those of the
genera Syngonium, Dieffenbachia, Acalypha,
Dracaena, Fatsia, Ficus, Hibiscus and Spath-
iphyllum (1). In The Netherlands this thrips
represents an ever increasing threat for the
sweet pepper grown in greenhouses. Gen-
erally, the host plant range of E. americanus
is more typical of the thrips species of the
Panchaetothripinae subfamily than that of
the Thripinae subfamily (9).

On December 1, 2005 a large population
of thrips was detected on leaves of Syngo-
nium sp. in one of the largest florist shops
in Belgrade. The origin of the plants was un-
known. More than 20 adults and larvae were
recorded on each plant. Adults and larvae
were collected and stored in 70% ethanol.
The specimens, which were deposited in the
thysanopterological collection of the Natu-
ral History Museum in Belgrade, were iden-
tified as E. americanus, based on their mor-
phological characteristics. For the purpose
of specimen identification, the zur Strassen's
dichotomous taxonomic key (11) was used.
The thrips were most probably introduced
into the country with plant material. This is
the first record of this species in Serbia.

The thrips (more frequently present as
adults rather than larvae) were more nu-
merous on the lower leaf surfaces and only
some individuals were found on flowers.
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These data correspond well with what is
known on the bionomics of E. americanus (1,
6). The species possesses several character-
istics that could facilitate its establishment
in the European greenhouses; it is polypha-
gous, it reproduces with facultative arrhe-
notoky, has a short developmental time and
is polyvoltine. The introduction in an area of
the so-called 'opportunistic thrips' becomes
easier if they exhibit any of the above men-
tioned properties (4).

Damage results from the sucking of
adults and larvae. The symptoms of infes-
tation on leaves appear as small chlorotic
areas and silvering. The aesthetic appear-
ance of the plants is also affected due to the
black fecal material present on leaves. How-
ever, compared to the western flower thrips,
Frankliniella occidentalis (Pergande), the di-
rect damage caused by E. americanus is con-
siderably smaller. There is no evidence of
plant viruses being transmitted by this spe-
cies (1).

E. americanus is known to be more sus-
ceptible to insecticides compared to the
western flower thrips and thus, it can be rel-
atively easily controlled with most of the in-
secticides commonly used against these in-
sects (3). Some experts claim that, in the
absence of effective predators and parasi-
toids, this Thysanoptera species could be-
come a considerably important pestin Euro-
pean greenhouses within a rather short time
(10). Among the significant potential preda-
tors of E. americanus, Franklinothrips vespi-
formis Crawford (5) and Macrolophus caligi-
nosus Wagner (7) are often mentioned.

It can be assumed that this first de-
tection of E. americanus in Serbia is a rath-
er early one and the pest has probably not
yet spread through greenhouses to a great-
er extent. This provides an opportunity to
take the measures needed in order to pre-
vent its further spread. In addition and given
the lack of serious threat posed by E. amer-
icanus, this species may be an ideal target
for research on biological control methods.
More specifically, it is well known that con-
trol methods employing predators of thrips
give satisfactory results only when the pop-

ulation of the pest is low (2). Should this
work for species such as E. americanus, then
perhaps these new control methods could
then be extrapolated to more aggressive,
resistant and damaging thrips.
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>YNTOMH ANAKOINQXH

MNpwtn Kataypagn tov Echinothrips americanus otn ZepPia

L. Andjus, M. Jovi¢ kat S. Trdan

Nepidnyn To £10¢ 2005 KATAYPAPNKE yIa TTPWTN Popd ot ZepPia 1o vtopo Echinothrips americanus
Morgan (Thysanoptera: Thripidae). Eviihika kat mpovUp@eg Tou evtopou Bpébnkav oe QUTA Tou Yé-
voug Syngonium o€ éva amd ta peyalutepa avBomnwAeia Tou BeAtypadiou. Ta idlaitepa xapaktnplot-
Kd ™G Blodoyiag tou Bpima E. americanus dieukdhuvav tnv €icodo kat eykatdotaor tou otn ZepPia. To
évTopo Tpokalei Apeoec PAAREC 0Ta QUANA TWV EEVIOTWY TOU KAl GUYKPITIKA UE Tov Bpima Frankliniella
occidentalis (Pergande), o E. americanus ivai AlyoTtepo avBeKTIKOG 0TA EVTOUOKTOVA Kal SLOOETEL UIKPO-
TEPN IKAVOTNTA ATTOIKIONG VEWV TIEPLOXWV. [ To AOYo auTtov mpoTeivovTal GIAIKEG TPOC To epIBAAAoV
péBoSOL AVTILETWTTIONG TOU.
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A multiresidue method for analysis of 56 pesticides in peaches
using liquid chromatography with tandem mass spectrometry
detection

C.J. Anagnostopoulos’, G.E. Miliadis', K.S. Liapis' and P. Aplada-Sarlis'

Summary A liquid chromatography-tandem mass spectrometry (LC-MS/MS) multiresidue method
for the simultaneous analysis of 56 multiclass pesticides and their metabolites in peaches is presented.
Pesticide residues were extracted from the samples with acetone and a mixture of dichloromethane/
light petroleum ether (50:50 v/v) and the determination was performed by liquid chromatography-
electrospray ionization-tandem mass spectrometry (LC-MS/MS), in a single chromatographic run. The
analytical performance was demonstrated by the analysis of blank peach samples spiked at three con-
centration levels, 0.01,0.05 and 0.5 mg/kg, for each pesticide or metabolite. Good sensitivity and selec-
tivity of the method were obtained with limits of quantification of 0.01 mg/kg in most cases. The ma-
jority of the pesticides and their metabolites gave recoveries within the range of 65.7-125.3%, with rel-
ative standard deviations lower than 20%, for all concentration levels. Pesticide residues were found in
five out of the 14 samples. However, in most cases, the concentrations of the analytes found in the sam-

ples were lower than the MRLs established at the time of the analysis by the European Union.

Additional keywords: acetone-based extraction method, LC-MS/MS, multiclass pesticides, validation

Introduction

The protection of crops against pests and
diseases by various, mostly synthetic pesti-
cides is a common approach in convention-
al farming. Even when pesticides are ap-
plied in accordance with good agricultural
practices (GAP), they can leave residues on
plants. Screening for residues in matrices,
such as cereals, requires analytical methods
with effective extraction, followed by a spe-
cific final determination step (15). Analytical
methodologies employed must be capable
of measuring residues at very low levels and
must also provide unambiguous evidence
to confirm both the identity and the con-
centration of any residue detected (7).

The choice of the solvent(s) for extrac-
tionis one of the most crucial decisions to be
made when developing new multiresidue
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methods. Numerous different organic sol-
vents and mixtures of organic solvents have
been used to extract a wide range of pes-
ticides with different physicochemical prop-
erties from foods. Nowadays, the solvents
most commonly used for multiresidue anal-
ysis of pesticides are acetonitrile, acetone
and ethylacetate. Each solvent has some ad-
vantages and disadvantages in terms of se-
lectivity and convenience. Since the 1980s,
we have applied an acetone-based extrac-
tion method thatis amenable to all our chro-
matographic separation systems (4).
Acetone is the least toxic, least expen-
sive and the most volatile of the three sol-
vents most commonly used in multiresidue
methods (acetone, ethyl acetate and ace-
tonitrile) (1). Acetone is completely miscible
with water allowing a good penetration in
the aqueous part of the crop. However, to
induce a distinct separation from the water
phase, acetone essentially needs addition of
a non-polar solvent, which leads to dilution
and lower recoveries of more polar analytes
(17). One of the most popular extraction
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methods, based on acetone, was the modi-
fied Luke method [acetone followed by par-
titioning with a mixture of dichloromethane
(DCM) and light petroleum] (16). Luke et al.
(9) developed a multiresidue method that
included not only organochlorine but also
organophosphorus compounds. According
to this method, samples of fruit and vege-
tables (200 gr) were extracted with 200 ml
of acetone and the extracts were then par-
titioned into dichloromethane/petroleum
ether mixed solvent (50:50 v/v) by a Florisil
clean-up step similar to that used by Mills
et al. (12). Luke et al. (10) improved this pro-
cedure by eliminating the Florisil clean-up
step and adding petroleum ether follow-
ing the initial concentration to remove trac-
es of DCM. Specht and Tilkes (14) published
their multiresidue method for 90 pesticides
in samples of both vegetable and animal or-
igins. They also untilled DCM to partition the
pesticides from aqueous acetone extracts,
but added a gel permeation chromatogra-
phy (GPC) clean-up step.

Chromatographic techniques, main-
ly gas chromatography (GC) and high-per-
formance liquid chromatography (LC), have
usually been applied for the determination
of pesticide residues in food samples (7).
Liquid chromatography-mass spectrometry
(LC-MS) allows the rapid and efficient de-
termination of many compounds (6). It has
become a powerful tool for pesticide resi-
due analysis in a variety of complex matri-
ces, due to its inherent advantages: selec-
tivity and sensitivity are notably improved,
the sample pre-treatment steps can be min-
imized and reliable quantification and con-
firmation can be easily achieved at the low
concentration levels required. Many publi-
cations on pesticide residue analysis using
this technique were dated from the early
2000s (2, 4, 8).

Analytical methodologies employed
must be capable of measuring residues at
very low levels and must also provide unam-
biguous evidence to confirm both the iden-
tity and the concentration of any residue
detected. Within-laboratory method vali-
dation should be performed to provide ev-

idence that a method is fit for the purpose
for which it is to be used. Method validation
is a requirement of accreditation bodies and
must be supported and extended by meth-
od performance verification during routine
analysis (analytical quality control and on-
going method validation). All procedures
(steps) that are undertaken in a method
should be validated, if practicable (5).

The purpose of this paper is to pres-
ent the validation of a rapid multiresidue
method by liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) with
electron spray interface (ESI), using an ex-
traction method based on acetone-dichlo-
romethane-petroleum ether for the deter-
mination of various pesticides from different
chemical classes in fruit and vegetables of
high water content. The procedure has been
applied for the screening, confirmation and
quantification of 56 representative multi-
class pesticides in peaches, a representa-
tive commodity of fruit and vegetables of
the high water content category (5) and was
extended to the analysis of 14 samples of
stone fruit taken from the market.

Materials and methods

1. Chemicals and reagents

In the present work, 56 analytes were se-
lected with distinct physicochemical char-
acteristics, as shown in Table 1. They includ-
ed polar and non-polar compounds, as well
as compounds of various molecular mass-
es. The selected analytes belong to different
chemical classes: anilinopyrimidine, ben-
zimidazole, carbamate, N-methyl carbam-
ate, oxime carbamate, chloroacetamide, cin-
namic acid, diacylhydrazine, hydroxyanilide,
imidazole, morpholine, neonicotinoid, or-
ganophosphorous, oxadiazine, pyrazole,
pyridinecarboxamide, quinoline, strobilurin,
tetrazine and triazole pesticides.

The following pesticide active ingredi-
ents, obtained from Dr Ehrenstorfer Labo-
ratories GmbH (Germany), were used in the
present study: acetamiprid, alachlor, aldi-
carb, aldicarb sulfone, aldicarb sulfoxide,
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Table 1. Chemical classes and physicochemical properties of the studied analytes.

. Water solubility Volatility
Analyte Chemical group (mg/l) logPow (Pa)
acetamiprid Neonicotinoid 4250 0.8 1.00E-06
alachlor Chloroacetamide 170.31 170.31 0.002
aldicarb Carbamate 4930 1.359 0.013
aldicarb sulfone 10000 -0.57 0.012
aldicarb sulfoxide
boscalid Pyridinecarboxamide 4.6 2.96 7.00E-07
bromuconazole Triazole 50 3.24 4.00E-06
buprofezin 0.9 4.3 0.00125
carbaryl Carbamate 120 1.85 4.10E-05
carbendazim Benzimidazole 8 1.51 0.00015
carbofuran Carbamate 351 1.52 3.10E-05
carbofuran 3-Hydroxy Carbamate. N-methyl
clofentezine Tetrazine 0.003 4.1 1.30E-07
cymoxanil 890 0.67 0.00015
demeton-S-methyl Organophosphorous 22000 1.32 0.04
demeton-S-methyl sulfoxide Organophosphorous -0.74 0.0038
dimethomorph Cinnamic acid 18 2.7 1.00E-06
fenamidone Imidazole 7.8 2.8 3.40E-07
fenbuconazole Triazole 0.2 3.23 5.00E-06
fenhexamid Hydroxyanilide 20 3.51 4.00E-07
fenoxycarb Carbamate 79 4.07 8.70E-07
fenpyroximate Pyrazole 0.015 5.01 7.50E-06
fenthion Organophosphorous 4.2 4.84 0.00074
fosthiazate Organophosphorous 9850 1.68 0.00056
hexaconazole Triazole 17 3.9 1.80E-05
imidacloprid Neonicotinoid 610 0.57 4.00E-10
indoxacarb Oxadiazine 0.2 4.65 2.50E-08
iprovalicarb Carbamate 1 3.2 7.70E-08
mepanipyrim Anilinopyrimidine 3.1 3.28 2.32E-05
methiocarb Carbamate 27 3.08 3.60E-05
methiocarb sulfone Carbamate 1.26
methiocarb sulfoxide Carbamate 0.618
methomyl Carbamate 58000 0.093 0.00072
methoxyfenozide Diacylhydrazine 33 37 1.48E-06
monocrotophos Organophosphorous -0.22 0.00029
myclobutanil Triazole 142 294 0.000213
oxamyl Carbamate 280000 -0.44 5.10E-05
prochloraz DMl:imidazole 34.4 4.12 0.00015
profenofos Organophosphorous 28 4.44 0.000124
pyraclostrobin Strobilurin 1.9 3.99 2.60E-08
pyrimethanil Anilinopyrimidine 121 2.84 0.0022
quinoxyfen Quinoline 0.116 4.66 1.20E-05
spinosyn A Spinosad
spiroxamine Morpholine 200000 2.8
tebuconazole Triazole 36 3.7 1.70E-06
tebufenozid Diacylhydrazine 0.83 4.25 1.56E-07
tebufenpyrad Pyrazole 2.8 5.04 1.00E-05
tetraconazole Triazole 156 3.56 0.00018
thiabendazole Benzimidazole 30 2.39 4.60E-07
thiacloprid Neonicotinoid 185 1.26 3.00E-10
thiamethoxam Neonicotinoid 4100 -0.13 6.60E-09
thiodicarb Carbamate 35 1.62 0.0057
triadimefon Triazole 64 3.1 2.00E-05
triadimenol Triazole 6.00E-07
trifloxystrobin Strobilurin 0.61 4.5 3.40E-06
vamidothion Organophosphorous 4000000 0.147

© Benaki Phytopathological Institute



78 Anagnostopoulos et al.

boscalid, bromuconazole, buprofezin, car-
baryl, carbendazim, carbofuran, carbofuran
3-hydroxy, clofentezine, cymoxanil, deme-
ton-S-methyl, demeton-S-methyl sulfoxide,
dimethomorph, fenamidone, fenbucon-
azole, fenhexamid, fenoxycarb, fenpyroxi-
mate, fenthion, fosthiazate, hexaconazole,
imidacloprid, indoxacarb, iprovalicarb,
mepanipyrim, methiocarb, methiocarb
sulfone, methiocarb sulfoxide, methom-
yl, methoxyfenozide, monocrotophos, my-
clobutanil, oxamyl, prochloraz, profenofos,
pyraclostrobin, pyrimethanil, quinoxyfen,
spinosad (A), spiroxamine, tebuconazole,
tebufenozid, tebufenpyrad, tetraconazole,
thiabendazole, thiacloprid, thiamethoxam,
thiodicarb, triadimefon, triadimenol, triflox-
ystrobin and vamidothion.

Acetone, dichloromethane, and petro-
leum ether of pesticide grade analysis were
used for the extraction procedure. Metha-
nol and water, LC-MS grade, were used for
the preparation of stock and working stan-
dard solutions. All solvents were obtained
from Lab Scan (Ireland).

2. Preparation of stock standard solu-

tions

Stock standard solutions at 1000 pg/ml
were prepared in acetone for each of the
56 pesticides and stored at -20°C. A sin-
gle composite standard mixture was pre-
pared by combining aliquots of each stock
solution and diluting them with a metha-
nol/water (30:70 v/v) mixture to obtain a fi-
nal concentration of 1 mg/ml. Blank peach
samples were spiked at 0.01, 0.05 and 0.5
mg/kg by adding appropriate volumes of
the composite standard mixture. Working
standard mixture solutions for measure-
ment were prepared in blank peach ex-
tract, previously analysed for the absence of
peaks interfering with the peaks of the an-
alytes. Calibration curves were constructed
from injections of matrix-matched calibra-
tion standards in blank matrix of peach in
methanol/water (30:70 v/v) at eight concen-
trations, within the range of 0.01-0.75 mg/
ml (i.e. 0.01-0.025-0.05-0.075-0.1-0.25-0.5-
0.75 pg/ml) for all pesticides.

For the preparation of the blank extract,
the sample extraction procedure men-
tioned below under paragraph “Sample ex-
traction” was followed. The only difference
was that at the final step the blank extract
was taken in 3 ml of MeOH. An aliquot of 1
ml was evaporated to dryness by a stream of
N, and 1 ml of a standard solution of the de-
sired concentration, prepared in methanol/
water (30:70 v/v), was added. Prior to injec-
tion in the chromatographic system, the fi-
nal solution was filtered through a disposa-
ble PTFE syringe filter, 0.45 um in diameter.

3. Liquid chromatography

The liquid chromatographic (LC) system
used consisted of two Varian Prostar 210
pumps. Chromatographic separation was
achieved using a Polaris C, 5 um particle
size, 2 mm x 50 mm analytical column from
Varian, at a flow rate of 250 pl/min with mo-
bile phases consisting of methanol/water
(10:90 v/v) — TmM ammonium formate (sol-
vent A) and methanol/water (90:10 v/v) -
1TmM ammonium formate (solvent B). A gra-
dient program was used consisting of 90% of
solvent A and 10% of solvent B, ramped lin-
early over the course of 14 minutes to 100%
of solvent B. This composition was held for 6
additional minutes before returning to the
initial condition. The column was re-equili-
brated for 10 min at the initial mobile phase
composition. The total run-time was 30 min.
The injection volume was 5 ul and in order
to avoid carry-over, the autosampler was
purged with a mixture of methanol/water
(50:50 v/v) before sample injection.

4. Mass spectrometry

Detection was achieved using a tri-
ple quadrupole mass spectrometer (Varian
model 1200L) equipped with an electrospray
ionization interface operating in the positive
mode. Typical source parameters were as fol-
lows: capillary voltage and collision cell en-
ergy varied depending on the precursorion,
as shown in Table 2, source temperature was
set at 250°C and drying gas temperature at
200°C. Nitrogen, generated from high purity
generator, was used as drying gas and neb-
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ulizing gas, with pressures set at 18 and 55
psi, respectively. For the operation in MS/MS
mode, Argon 99.999% (Messer) was used as
collision gas at a pressure of 1.5 mTorr. The
multiple reaction monitoring experiments
were conducted with a dwell time of 100
msec, except for aldicarb, hexaconazole and
hexythiazox for which the dwell time was
set at 300, 200 and 300 msec, respectively.
For instrument control, data acquisition and
processing, Varian MS Workstation software
version 6.8 was used.

5. Sample extraction

The extraction was based on the acetone-
dichloromethane-petroleum ether multiresi-
due method developed by the Dutch Minis-
try of Public Health, Welfare and Sport (16).
The use of acetone (a water-miscible sol-
vent) provides the extraction of the analytes
without extracting the larger lipid volumes
that later cause emulsions and interferenc-
es. With the addition of immiscible to water
solvents, such as dichloromethane and pe-
troleum ether, the analytes under study are
extracted in the organic phase without ad-
ditional co-extractives that were previously
in the acetone phase.

The sample processing, according to
the applied method, was the following (7,
16): an aliquot of 15%0.15 g of the previous-
ly homogenized sample was weighted into
a 250 ml PTFE centrifuge bottle (Nalgene,
Rochester, NY) and 30 ml of acetone were
added and stirred for 1 min in an ultra-tur-
rax homogenizer at 15,000 rpm. Then, 30
ml of dichloromethane and 30 ml of petro-
leum ether were added and the mixture was
stirred again for 1 min. The sample was cen-
trifuged at 4,000 rpm for 5 min, 15 ml of the
supernatant liquid were transferred in a flat-
bottom long necked flask and evaporated
to dryness in a water bath at 65-70°C and 3
ml of methanol/water (30:70 v/v) were add-
ed as follows: 0.9 ml of methanol were add-
ed in the flask, the extract was placed in an
ultrasonic bath for 30 sec and transferred
into a 3 ml volumetric flask; the flat-bottom
long necked flask was rinsed twice with 1 ml
of water, the resulting solution was trans-
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ferred into the 3 ml volumetric flask and wa-
ter was added to the mark. The final extract
was placed in an ultrasonic bath for 30 sec
and was then transferred into a vial with a
Teflon stopper. The final extract was filtered
through a disposable PTFE syringe filter, 0.45
pum in diameter and 5 pl of the final extract
were injected in the chromatographic sys-
tem. The MS/MS acquisition method includ-
ed the monitoring of one transition, that of
the quantification, for each compound, as
shown in Table 2.

6. Confirmation

The confirmation of positive findings
was achieved by a second injection under
the chromatographic conditions described
above. Individual MS/MS acquisition meth-
ods, including both transitions of Table 2 for
each separate analyte, were developed and
used for confirmation purposes. Then, an in-
dependent confirmation injection was per-
formed for every positive sample. Confirma-
tion included retention times of standard
and sample acceptable tolerances and the
ion ratios of qualifier and quantifier ions, as
they are referred in the Document No SAN-
C0/2007/3131 (5). The retention time of the
analyte in the sample extract must match
that of the matrix-matched calibration stan-
dard with a tolerance of +2.5%.

Results and discussion

1. Pesticide and parameter selection

The ionization of the 56 pesticides and
metabolites in positive electrospray ion
mode was studied. Table 2 shows the pre-
cursor ions used for data acquisition, the
transitions used for quantification and qual-
ification, the capillary voltage and collision
cell energy for each transition, segments
(time windows) and the retention times of
the analytes in which the transitions were
scanned. Pesticides and metabolites were
ionized in the form of [M+H]*.

Tandem mass spectrometry (MS/MS)
provides a powerful confirmatory tool for
pesticide residue analysis because it dis-
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criminates efficiently between the analyte
and the matrix signal. Existing quality con-
trol procedures require qualitative confir-
mation of positive results for LC-MS/MS,
preferably via a second MS/MS transition (5).
With the present analytical scope of 56 pes-
ticides, this results in monitoring 112 tran-
sitions. Stacking more transitions within a
time window drastically reduces the num-
ber of data points across a chromatographic
peak leading to unsatisfactory peak shapes.
Therefore, in the first injection, only one
transition is recorded, the quantification one,
and a second injection of the sample is thus
required with both transitions only for the
compounds that give a positive result; in this
way the false positive results are minimized.
The quantification transition, which in all cas-
es is the one with the highest signal to noise
(S/N) ratio, is selected for screening in order
to minimize the false negative results.

2. MS optimization

Individual standard solutions at 0.01 mg/
ml were prepared in methanol/water (30:70
v/v) and infused into the mass spectrometer
in order to obtain the optimum values for
the cone and capillary voltage for each ana-
lyte. The optimum collision cell energy volt-
age was found to vary between 6 and 81 kV,
depending on the analyte. Product ion mass
spectra for the pesticides were obtained in
the positive mode electrospray ionization
using collision induced dissociation (CID).
Variation of the collision energy influenc-
es both sensitivity and fragmentation. The
collision energy was optimized for two se-
lective product ions of each precursor ion.
The optimization values obtained are listed
in Table 2.

The time-scheduled data acquisition
sequence involved five overlapping seg-
ments, with 8 to 29 transitions each. Table 2
shows the distribution of the transitions into
5 time windows based on analyte retention
times. With dwell times of 100 msec the av-
erage scan cycle time for the segments var-
ied between 0.8 and 2.7 sec. Still, a sufficient
number of data points can be acquired over
the chromatographic peak in order to have

enough sensitivity and allow reproducible
peak area integration for good quantitative
results.

3. LC optimization

Regarding the LC separation, the gradi-
ent was optimized in order to have a sepa-
ration of the 56 selected analytes. Using a
dwell time of 100 msec per transition, we
obtained satisfactory peak shape for all an-
alytes under study. By distributing the an-
alytes along five overlapping segments,
the chromatographic peak was allowed to
be centered in the time window, minimiz-
ing the risk of peak loss due to unexpected
slight changes in retention time.

4. Validation

The validation study carried out was
based on the European SANCO guidelines
(5), and the method was evaluated for its
sensitivity, accuracy, precision, linearity and
specificity. This requires performing recov-
ery experiments with spiked blank peach
samples to estimate the accuracy of the
method. A minimum of five replicates is re-
quired to evaluate precision as well as the
reporting limit (to assess sensitivity) and at
least another higher level (5). In our study,
experiments with fortified peach samples
were performed at three fortification lev-
els (0.01, 0.05 and 0.5 mg/kg), with five repli-
cates at each level.

Linearity was studied using matrix-
matched calibration standards at six con-
centration levels within the range of 0.01 to
0.75 ug/ml and three replicates at each level.
The approximate value of uncertainty (S ) in
the predicted value C (mg/kg) due to the
variability in the Area resulting from the use
of the calibration curve was also estimated
by the following equation:

S

S — Area/C

‘ b

>l -y)
sArea/C = -
Where n-2 'nis the number

of the data points in the calibration,
Y; — Y ) is the residual for the i*" point and
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b the slope of the regression line.

The precision of the method was esti-
mated by assessing the relative standard de-
viation (RSD) values of the five replicates at
both levels. According to the Document No
SANCO/2007/3131, repeatability with RSD <
20% is considered to be acceptable. The lim-
it of quantification (LOQ) was established as
the lowest concentration that gave satisfac-
tory recovery (70-110%) and precision (RSD
< 20%) data.

Linearity

Good linearity was found for most pes-
ticides with correlation coefficients better
than 0.990 in most cases. However, deme-
ton-S-methyl, fenpyroximate and methio-
carb sulfone did not exhibit a linear behav-
ior at the concentration range under study,
but at a narrower linear range, as shown in
Table 3. The dynamic linear range in electro-
spray ionization can be limited and gener-
ally depends on the physicochemical char-
acteristics of the analyte (3). In Table 3, the
basic calibration line parameters for the 56
compounds are presented (13).

Accuracy and precision

Recovery and repeatability of the meth-
od were established in order to evaluate the
method’s accuracy and precision, respec-
tively. Recoveries of 70-120% with a repeat-
ability RSD < 20% are considered acceptable
(5), while in routine analysis, the acceptable
recoveries are 60 - 140%. The recoveries were
calculated using matrix-matched single-lev-
el calibration standards. Table 4 shows the
detailed recovery and repeatability data of
the pesticides studied. The majority of the
pesticides produced recoveries and RSD val-
ues within the accepted ones.

The recoveries of the pesticides ranged
from 65.7 to 125.3% with relative stand-
ard deviations (RSDs) less than 24.7% at the
lowest concentration level and from 70 to
110.9% with RSDs less than 27.1% at the high-
est level. In the cases of alachlor, aldicarb,
aldicarb sulfone, aldicarb sulfoxide, bro-
muconazole, carbofuran 3-hydroxy, deme-
ton-S-methyl, hexaconazole, mepanipyrim,
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methiocarb sulfone, methiocarb sulfoxide
and pyrimethanil, the recovery and repeat-
ability values at the lowest concentration
level were outside the acceptable levels.
Therefore, the method is not considered
suitable for the determination of these com-
pounds at the lowest level. For clofentezine,
fenpyroximate, indoxacarb and prochloraz,
the RSDs at the highest concentration lev-
el were above 20%, but with satisfactory re-
coveries.

Limit of quantification/Limit of detection

As limit of quantification (LOQ) of the
method, the lowest validated level that pro-
duced acceptable accuracy and precision
results, which in most cases was 0.01 mg/
kg, was selected. In the cases of alachlor,
aldicarb, aldicarb sulfone, aldicarb sulfox-
ide, bromuconazole, carbofuran 3-hydroxy,
demeton-S-methyl sulfoxide, hexaconazole,
mepanipyrim, methiocarb sulfone, methio-
carb sulfoxide and pyrimethanil, the LOQ
was set at 0.05 mg/kg.

The limit of detection (LOD) of the meth-
od is the minimum concentration or mass
of the analyte that can be detected with ac-
ceptable certainty, though not quantifiable
with acceptable precision. The LOD of the
method was calculated as three times low-
er than the LOQ (LOQ = 3xLOD).

5. Analysis of real samples

To evaluate its application, the proposed
methodology was applied to the analysis of
real stone fruit samples. All samples were
extracted and analysed as described above
and the results are presented in Table 5. A
total of 14 samples of various stone fruit
(apricots, cherries, peaches and plums) were
analysed. Pesticide residues were found in
five out of the 14 samples. The pesticides
found were: carbaryl, carbendazim, indox-
acarb, imidacloprid, thiamethoxam and
thiacloprid. Three fruit samples contained
only one pesticide and two samples con-
tained two pesticides of the pesticides stud-
ied. However, the concentrations of the an-
alytes found in the samples, except for one
sample, were lower than the MRLs estab-
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Table 3. Summary of calibration line parameters for the 56 analytes at 0.01-0.75 pg/ml con-
centration levels.

Area =f(C)

Analyte R r? b S, a S, S,
acetamiprid 0.994 | 0.989 | 2.00E+09 | 8.60E+07 | 4.15E+07 | 2.87E+07 | 0.0306
alachlor 0.980 | 0.960 | 2.27E+08 | 1.90E+07 | 9.95E+06 | 6.35E+06 | 0.0595
aldicarb 0.995 | 0.989 | 6.21E+08 | 2.65E+07 | 2.94E+05 | 8.84E+06 | 3.03E-02
aldicarb sulfone 0.990 | 0.980 | 4.40E+08 | 2.54E+07 | 5.96E+06 | 8.48E+06 | 0.0411
aldicarb sulfoxide 0.994 | 0.988 | 8.92E+08 | 3.90E+07 | 4.24E+06 | 1.30E+07 | 3.11E-02
boscalid 0.996 | 0.992 | 1.32E+08 | 4.96E+06 | 3.20E+06 | 1.66E+06 | 0.0268
bromuconazole 0.983 | 0.967 | 2.20E+08 | 1.64E+07 | 1.23E+07 | 5.48E+06 | 5.29E-02
buprofezin 0.996 | 0.992 | 1.65E+09 | 5.98E+07 | 2.98E+07 | 2.00E+07 | 0.0257
carbaryl 0.992 | 0.984 | 3.56E+09 | 1.87E+08 | -4.23E+07 | 6.24E+07 | 0.0373
carbendazim 0.998 | 0.996 | 2.92E+09 | 7.40E+07 | 9.09E+07 | 2.47E+07 | 0.0180
carbofuran 0.989 | 0.979 | 3.85E+09 | 2.31E+08 | 6.30E+07 | 7.71E+07 0.0427
carbofuran 3-hydroxy 0.994 | 0.988 | 8.31E+08 | 3.76E+07 | -1.88E+06 | 1.26E+07 | 0.0322
clofentezine 0.997 | 0.995 | 2.51E+08 | 7.60E+06 | -3.99E+06 | 2.54E+06 | 0.0215
cymoxanil 0.993 | 0.985 | 4.63E+08 | 2.30E+07 | 1.19E+06 | 7.68E+06 | 0.0353
demeton-S-methyl' 0.996 | 0.992 | 2.18E+09 | 7.76E+07 | 1.06E+07 | 2.59E+07 | 2.54E-02
demeton-S-methyl sulfoxide 0.996 | 0.992 | 2.18E+09 | 7.76E+07 | 1.06E+07 | 2.59E+07 | 0.0254
dimethomorph 0.995 | 0.989 | 4.54E+08 | 1.93E+07 | 1.15E+07 | 6.47E+06 | 0.0303
fenamidone 0.984 | 0.968 | 3.74E+08 | 2.77E+07 | 2.38E+07 | 9.24E+06 | 0.0526
fenbuconazole 0.997 | 0.993 | 3.13E+08 | 1.04E+07 | 6.56E+06 | 3.48E+06 | 0.0237
fenhexamide 0.992 | 0.985 | 416E+08 | 2.13E+07 | 1.17E+07 | 7.12E+06 | 0.0364
fenoxycarb 0.993 | 0985 | 1.51E4+09 | 7.60E+07 | 5.78E+07 | 2.54E+07 | 0.0357
fenpyroximate' 0.991 0.981 | 4.58E+08 | 2.88E+07 | 1.32E+07 | 1.03E+07 | 0.0453
fenthion 0.997 | 0.995 | 1.33E+08 | 3.99E+06 | 1.94E+06 | 1.33E+06 | 0.0214
fosthiazate 0.993 | 0.986 | 2.44E+09 | 1.18E+08 | 5.77E+06 | 3.94E+07 | 0.0344
hexaconazole 0.988 | 0.977 | 1.33E+08 | 8.32E+06 | 6.52E+06 | 2.78E+06 | 0.0445
imidacloprid 0.993 | 0.986 | 5.34E+08 | 2.64E+07 | 1.80E+07 | 8.82E+06 | 0.0352
indoxacarb 0.989 | 0.978 | 2.24E+08 | 1.37E+07 | 2.85E+06 | 4.60E+06 | 0.0436
iprovalicarb 0.994 | 0.988 | 1.59E+09 | 7.19E+07 | 5.09E+07 | 2.40E+07 | 0.0321
mepanipyrim 0.992 | 0.984 | 6.92E+08 | 3.61E+07 | 3.02E4+07 | 1.21E+07 0.0371
methiocarb 0.988 | 0.977 | 2.92E+08 | 1.84E+07 | -8.73E+05 | 6.15E+06 | 0.0448
methiocarb sulfone' 0.892 | 0.795 | 4.30E+08 | 8.90E+07 | 1.83E+07 | 2.98E+07 | 0.1475
methiocarb sulfoxide 0.979 | 0.959 | 3.27E+09 | 3.01E+08 |-8.54E+07 | 1.07E+08 | 0.0671
methomyl 0.991 0.983 | 1.19E+09 | 6.37E+07 | 4.09E+07 | 2.13E+07 0.0383
methoxyfenozide 0.992 | 0.985 | 9.51E+08 | 4.79E+07 | 4.00E+07 | 1.60E+07 | 0.0358
monocrotophos 0.996 | 0.993 | 1.59E+09 | 5.51E+07 | 1.30E+07 | 1.84E+07 | 0.0247
myclobutanil 0.992 | 0.984 | 1.67E+08 | 8.68E+06 | 8.86E+06 | 2.90E+06 | 0.0369
oxamyl 0.990 | 0.980 | 1.00E+09 | 5.84E+07 | -2.02E+07 | 1.95E+07 0.0416
prochloraz 0.990 | 0.979 | 8.10E+08 | 4.81E+07 | 2.03E+07 | 1.61E+07 0.0423
profenofos 0.996 | 0.993 | 9.24E+08 | 3.22E+07 | -3.16E+07 | 1.08E+07 | 0.0248
pyraclostrobin 0.995 | 0.989 | 2.04E+09 | 8.73E+07 | 5.83E+07 | 2.92E+07 | 0.0305
pyrimethanil 1.000 | 0.999 | 7.63E+08 | 8.37E+06 | -1.37E+06 | 2.80E+06 | 0.0078
quinoxyfen 0.989 | 0.978 | 1.88E+08 | 1.16E+07 | 1.53E+06 | 3.87E+06 | 0.0437
spinosad 0.991 0.982 | 9.77E+08 | 7.46E+07 | 3.58E+07 | 2.49E+07 | 0.0543
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Table 3 (continued)

Area =f(C)

Analyte R r? b S, a S, S,
spiroxamine 0.999 | 0.997 | 3.30E+09 | 7.35E+07 | 1.91E+07 | 2.46E+07 | 0.0158
tebuconazole 0.994 | 0.988 | 6.38E+08 | 2.86E+07 | 1.65E+07 | 9.57E+06 | 0.0320
tebufenozid 0.986 | 0.973 | 8.30E+08 | 5.68E+07 | 3.97E+07 | 1.90E+07 | 0.0487
tebufenpyrad 0.996 | 0.991 | 5.70E+08 | 2.16E+07 | 6.55E+06 | 7.23E+06 | 0.0270
tetraconazole 0.997 | 0.993 | 2.69E+08 | 9.07E+06 | 5.85E+06 | 3.03E+06 | 0.0240
thiabendazole 0.994 | 0.989 | 1.83E+09 | 7.89E+07 | 4.85E+07 | 2.64E+07 | 0.0308
thiacloprid 0.996 | 0.992 | 1.97E+09 | 7.08E+07 | 5.52E+07 | 2.37E+07 | 0.0255
thiamethoxam 0.990 | 0.980 | 3.76E+08 | 2.17E+07 | 1.21E+07 | 7.24E+06 | 0.0410
thiodicarb 0.988 | 0.975 | 3.60E+08 | 2.34E+07 | -8.52E+06 | 7.82E+06 | 0.0462
triadimefon 0.993 | 0986 | 3.41E+08 | 1.64E+07 | 1.44E+07 | 5.49E+06 | 0.0343
triadimenol 0.991 0.982 | 7.80E+08 | 4.33E+07 | 3.93E+07 | 1.45E+07 | 0.0395
trifloxystrobin 0.996 | 0.993 | 3.46E+09 | 1.22E+08 | 2.16E+07 | 4.07E+07 | 0.0251
vamidothion 0.995 | 0.989 | 491E+08 | 2.09E+07 | 5.17E+06 | 6.99E+06 | 0.0303

0.025-0.75 pg/ml concentration levels

Correlation coefficient

Slope of the regression line

Mean standard deviation of the slope of the regression line

Mean of the population that corresponds to x=0

Mean standard deviation of the mean of the population that corresponds to x=0

. The uncertainty in the predicted value C (mg/kg) due to the variability in the Area

- =
)

o

Ve o

<

Table 4. Recovery data and relative standard deviation (RSD) values (n = 6) obtained for the
56 pesticides from the spiking experiments in the peach matrix.

1stlevel 2 level 3t Jevel
(0.01 mg/kg) (0.05 mg/kg) (0.5 mg/kg)

Compound Mean Mean Mean

recovery RSD recovery RSD recovery RSD

(%) (%) (%)

acetamiprid 113.47 18.31 73.7 20.6 87.2 4.3
alachlor - - 91.2 15.3 96.4 5.3
aldicarb - - 82.6 9.6 96.18 2.5
aldicarb sulfone - - 77.2 6.2 82.6 39
aldicarb sulfoxide - - 55.5 11.8 48.6 5
boscalid 81.33 16.33 119.8 13.4 91.7 6.3
bromuconazole - - 89.7 11.8 93.8 6.8
buprofezin 100.43 6.95 98.6 8.6 93.8 3.9
carbaryl 82.68 19.63 106.2 7.7 100.9 2.3
carbendazim 121.48 17.38 118.0 6.2 90.5 3.5
carbofuran 76.81 14.56 80.4 19.6 110.9 2.3
carbofuran 3-hydroxy - - 92.8 6.7 99.4 3.6
clofentezine 105.8 6.79 119.7 22.6 97.5 25.7
cymoxanil 95.35 4.89 98.8 10.7 101.3 4.8
demeton-S-methyl - - 66.65 1 88.72 55
demeton-S-methyl sulfoxide 92.78 15.83 82.2 17.9 71.2 2.1
dimethomorph 91.74 16.38 110.1 49 102.8 3.7
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Table 4 (continued)
1t level 2" level 3t level
(0.01 mg/kg) (0.05 mg/kg) (0.5 mg/kg)

Compound Mean Mean Mean

recovery RSD recovery RSD recovery RSD

(%) (%) (%)

fenamidone 95.57 14.06 84.8 17.2 97.9 4.4
fenbuconazole 95.71 10.78 101.3 14.1 78.8 8.7
fenhexamid 96.77 19.44 111.0 6.4 92.0 6.8
fenoxycarb 121.22 5.26 110.4 13.6 773 9.6
fenpyroximate 125.29 8.19 119.7 26.9 92.2 26.8
fenthion 116.83 5.94 74.4 16.1 70.0 11.6
fosthiazate 105.32 15.58 98.6 3.6 109.4 1.7
hexaconazole - - 112.2 1.5 - -
imidacloprid 103.94 20.09 96.1 4.8 103.7 3.0
indoxacarb 102.80 3.58 119.3 12.3 98.2 25.0
iprovalicarb 65.71 13.97 103.9 4.5 105.0 34
mepanipyrim - - 110.3 4.8 70.0 10.8
methiocarb 69.63 17.09 87.7 4.5 90.7 4.1
methiocarb sulfone - - 110.8 1.8 108.5 1.7
methiocarb sulfoxide - - 91.8 43 98.0 4.0
methomyl 119.57 19.78 75.4 18.8 95.3 2.1
methoxyfenozide 104.56 4.27 103.0 5.7 104.0 29
monocrotophos 116.64 17.56 70.4 6.3 719 3.8
myclobutanil 117.91 12.59 91.5 3.8 100.7 4.4
oxamyl 108.00 4.36 80.5 6.0 80.0 4.7
prochloraz 121.35 7.52 106.6 14.6 104.2 271
profenofos 119.92 19.64 105.1 18.3 74.0 12.9
pyraclostrobin 121.03 10.85 101.2 14.1 81.1 18.4
pyrimethanil - - 88.4 10.2 71.1 71
quinoxyfen 111.99 13.04 115.2 19.0 93.7 219
spinosad (A) 80.03 18.84 72.8 21.7 71.1 10.6
spiroxamine 123.87 17.23 79.4 10.6 81.5 7.0
tebuconazole - - 109.3 11.6 77.4 10.2
tebufenozid 113.83 12.2 101.7 5.3 98.3 5.2
tebufenpyrad 121.15 18.66 111.0 16.7 98.3 26.8
tetraconazole 108.22 24.68 89.8 13.4 80.3 7.4
thiabendazole - - 89.3 8.3 73.3 5.5
thiacloprid 122.85 9.31 70.0 19.8 94.3 2.5
thiamethoxam 123.39 20.66 92.6 6.4 91.2 3.1
thiodicarb 97.01 14.76 100.8 4.9 104.2 39
triadimefon 116.00 14.35 95.8 71 99.8 4.0
triadimenol 102.75 11.42 100.3 9.3 102.9 3.2
trifloxystrobin 101.77 8.62 76.8 20.7 72.3 13.7
vamidothion 94.71 11.44 75.3 6.9 879 1.3

lished at the time of analysis by the Europe-  analytes was conducted by single-level cali-
an Union or FAO. The quantification of the  bration. Single-level calibration may provide
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Table 5. Results from the 14 stone fruit samples analysed, the multiresidue methods (MRMs)
used for confirmation/quantification, the retention times and relative MRM intensities of the
samples and the matrix matched standards, the reported results with the measurement un-

certainty and the MRLs.

° Retenti<?n time | Relative intensity = b

i (min) (m/z) _?s; %’

g‘ Commodity Analyte £ S MRL

& sample |standard| sample | standard ) %

1 apricots -

2 apricots carbaryl 7.65 7.63 10.0% 12.6% LOQ*< C' <LOD® 0.05?

3 apricots carbendazim | 4.50 4.60 7.0% 7.4% 0.1458 | +£0.073 0.23

4 apricots indoxacarb 13.63 13.48 | 23.4% 18.6% 0.0756 | +0.038 | no MRLs

5 cherries -

6 cherries -

7 cherries -

8 cherries -

9 cherries imidacloprid | 3.40 3.34 75.4% 67.5% LOQ°< C' <LOD® 0.5*
cherries  [thiamethoxam| 2.22 217 29.2% 31.1% 0.0223 | £0.011 | no MRLs
cherries thiacloprid 5.19 5.19 9.8% 7.3% 0.0345 | £0.017 0.33

10 cherries | carbendazim | 4.56 4.53 9.6% 71% 0.1910 | +0.096 0.5°

1 cherries -

12 peaches -

13 peaches -

14 plums -

! Concentration

2 According to Commission Directive 2006/59/EC
* According to Commission Directive 2008/17/EC
4

Measurement of uncertainty is a quantitative indicator of the confidence in the analytical data and describes
the range around a reported or experimental result within which the true value can be expected to lie within
a defined probability. Considering the results obtained to date from EU proficiency tests, a default expanded
uncertainty figure of 50% (corresponding to a 95% confidence level), in general covers the inter-laboratory
variability between the European laboratories and is recommended to be used by regulatory authorities in cases

of enforcement decisions (MRL-exceedances) (5).
® Limit of quantification
¢ Limit of detection

more accurate results than multi-level cali-
bration if the detector response is variable
with time (5). When single-level calibration
is employed, the sample response should
be within £50% of the calibration standard
response. Matrix-matched calibration stan-
dards in blank extract from previously anal-
ysed organically produced stone fruit were
used (5).

In the cases of positive samples, a blank
extract spiked at a concentration level near
the concentration found in the samples was
analysed in order to assure the correct ex-
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ecution of the whole procedure. Recovery
rates between 60 and 140% were expect-
ed for the spiked sample for the analysis to
be considered accurate. Figure 1 shows the
chromatogram of a commercial cherry sam-
ple that contained carbendazim at 0.191
mg/kg.

Conclusions

The 56 selected pesticides were of different
physicochemical characteristics and chem-
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Figure 1. LG-MS/MS chromatogram of a real cherry sample that contained carbendazim at 0.191 mg/kg.
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ical classes in order to be representative.
The extraction procedure with acetone, fol-
lowed by dichloromethane and petroleum
ether, is easy and the determination per-
formed with liquid chromatography-elec-
trospray ionization-tandem mass spectrom-
etry (LC-ESI-MS/MS) at positive ionization
mode, is a sensitive technique which pro-
vides confirmation of identity. The main ad-
vantage of using a LC-MS/MS system is its
great chromatographic separation efficien-
cy, which enables analysis to be performed
in short chromatographic run. The method
was successfully validated at the 10 pg/kg,
which was the LOQ objective in this work
for 45 compounds and at the 0.05 mg/kg for
nine compounds. The method is simple, fast
and suitable for routine analysis for the de-
termination of pesticides in fruit and veg-
etables of high water content meeting the
EU guidelines method performance crite-
ria. Based on the good validation data re-
sulting from this study, the suitability of the
extraction and determination method on
other pesticides of various chemical classes
and other matrices of fruit and vegetables
of high water content will be further inves-
tigated.
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Mé£0080¢ MPpocS10pIGOU UMTOAEIPHATWY 56 (PUTOTIPOCTATEUTIKWY
TMPOIOVTWV G POSAKIVA HE TNV TEXVIKN TNG VYPRG
Xpwpatoypa@ia¢—oulevypévng pacpatopeTpiag palwv

X.I. Avayvwotomnoulog, [LE. MnAidéng, K.X. Atami¢ kat M. Amhadd- Zaphn

NepiAnPn Mia ypriyopn mohu-umohelppaTiKe uéBoSo¢ avamtuyBnKe Kat EMKUPWONKE 0 TUPNVOKAP-
TI0L Y10l TOV TTPOGSIOPIoUO 56 PUTOTIPOCTATEUTIKWY OUCLWY KAl METABOAITWY TOUG SIOPOPETIKWY PUOL-
KoXNUIKWv 1810TtATWv. H ekXUAION TwV OUCIWV TIPAYUATOTIOIRBNKE LE OKETOVN Kal piypa meTpeAaikol
aBépa:diydwpopedaviou (50:50 K.0.). O TOIOTIKOE KAl TOGOTIKOG TPOGSIOPICUOC TWV OUGIWV TIPAYMa-
TOTOIRONKE HE TNV TEXVIKN TNG UYPHS XpwHaToypapiac-culeuypévng acpatopeTpiag palac. H pébo-
bo¢ emkupwdnke o€ Tpia Slagopetikd emimeda (0.01, 0.05 kat 0.5 mg/kg). ATo Ta oTolXElD EMKUPWONG
TIPOKUTITEL 0TI N WEBoSOC mapouaotalel amodekTr) 0pBOTNTA HE TOCOOTA AvAKTNONG 65.7-125.3%, Ka-
Bwg Kat MoTOTNTA PE OXETIKEG TUTTIKEG AMOKAIOELG UIKPOTEPES amd 20%. To dplo MOCOTIKOMOINONG TNG
uebodou kabopiotnke yia Tig MePIooOTEPEC MEPIMTWOELG To 0.01 mg/kg. H péBodog xapaktnpiletal
amo alomoTia Kal evalodnoia Kal Kpivetal KataAANAN yia avaAUoElC PouTivaG UTTOAEIMUATWY QUTO-
TIPOOTATEVTIKWY TPOIOVTWY O€ Tupnvokapma. Xta mhaiola eAéyxou TG EANAnVIKNAG ayopdg avaiBnkav
14 Seiypata mupnvokapmwy. Ta mévte amd ta 14 deiypata Bpédnkav BeTikd, aAd ot emimeda xapunAo-
TEPA amo Ta Avitata opta YmoAelppdtwy (MRLs) mou BeomiCovtal amd tnv Evpwmaikr Evwon.

Hellenic Plant Protection Journal 2: 75-90, 2009
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Sublethal effects of three essential oils on the development,
longevity and fecundity of Acanthoscelides obtectus (Say)

(Coleoptera: Bruchidae)

D.P. Papachristos' and D.C. Stamopoulos?

Summary Acanthoscelides obtectus larvae and pupae were exposed to three levels (LC

LC,,and LC,)

10

of lavender, rosemary and eucalyptus essential oil vapours. The exposure of larvae and pupae to sub-
lethal doses of essential oil vapours resulted in increased larval and pupal developmental time and re-
duced longevity and fecundity of the emerged female adults. The observed effects depended on the
insect stage and sex as well as the essential oil tested. In all cases no delayed mortality was observed.

Additional keywords: Eucalyptus globulus, Lavandula hybrida, Rosmarinus officinalis, volatiles

Introduction

In recent years, the trend towards reducing
reliance on synthetic insecticides for the con-
trol of stored products pests has oriented
worldwide research in the insecticidal prop-
erties of different essential oils that often be-
have like conventional fumigants exhibiting
strong adverse effects on both immature and
adult stages. In fact, these compounds may
act as fumigants, repellents, antifeedants
and may also affect some biological parame-
ters such as growth rate, life span and repro-
duction (11, 12, 16, 18, 19, 20, 21, 23, 26).
Previous studies (18, 19) have estab-
lished the strong toxic activity of the essen-
tial oil vapours of Lavandula hybrida Rev. (La-
miacae), Rosmarinus officinalis L. (Lamiacae)
and Eucalyptus globulus Labill. (Myrtacae)
against the immature stages of Acanthos-
celides obtectus (Say), the most destructive
pest of Phaseolus vulgaris L. (kidney bean),
one of the most important food pulses in
South America and the Mediterranean re-
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gion.

Although the insecticide properties of
the aforementioned essential oil vapours
have been well documented and their LC,
values were established, their possible sub-
lethal effects have not been thoroughly ex-
plored even though it is well known that
many target insects do not receive the ap-
propriate lethal dose during fumigations. In
fact, insects exposed to sublethal doses of
insecticides may display a variety of symp-
toms including reduction in growth rate,
life span, pupal weight and adult fecundity
and fertility (3, 4, 5,9, 10, 15). In contrast, ad-
vantageous effects have also been record-
ed; these include increased immature stage
weight, developmental rate and adult fertil-
ity (27). Therefore, the consequences of sub-
lethal exposure have important implications
on insect management and from this point
of view it is worthy to elucidate such type of
effects exhibited by the essential oil vapours
(14). Moreover, as Karr and Coats (13) point-
ed out, when monoterpenoids are investi-
gated as potential insecticides, direct toxici-
ty as well as appraisal of negative effects on
biotic potential must be considered in the
assessment of overall efficacy.

The aim of this study was to investigate
the effects of sublethal doses of lavender,
rosemary and eucalyptus essential oil va-
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pours on A. obtectus development, longev-
ity and fecundity.

Materials and methods

Insects and essential oils

Second instar larvae and 3-day-old pu-
pae were obtained from laboratory cultures
of A. obtectus according to the procedure
described by Papachristos and Stamopou-
los (18). The essential oils tested were ex-
tracted from the following plants: L. hybrida
(flowers), R. officinalis (leaves) and E. globu-
lus (unripe fruit). Plant samples were collect-
ed in mid July 1999 from an experimental
farm in the region of Thessaloniki, Northern
Greece, where they were cultivated at adja-
cent sites. Bulk samples of about 1 kg were
collected randomly from 20-30 lavender or
rosemary plants and three eucalyptus trees.
Samples were transferred to the laborato-
ry and 100 g subsamples were subjected to
hydro distillation using a Clevenger appara-
tus (Winzer®) within 24 h. The distilled es-
sential oils were dried over anhydrous sodi-
um sulphate and stored in a refrigerator at
5°C. The chemical composition of the essen-
tial oils used in the present study has been
reported by Papachristos et al. (17).

Exposure to essential oil vapours
Gastight glass jars of 710 ml volume with
screwed metallic caps were used as exposure
chambers. A small piece of woven dental
cotton (diameter = 8 mm, height = 3.5 mm)
was attached to the undersurface of the cap
to serve as an oil diffuser following the ap-
plication of the appropriate amount of pure
essential oil. Dose levels were selected to
cause 10, 40 and 70% mortality according to
our findings in a previous study (19). The ex-
act doses of each essential oil applied were:
lavender: 0.2, 1.4, 2 ul/I air for larvae and 21,
36.8, 57.9 pl/l for pupae; rosemary: 1.4, 2.1,
2.8 pl/l air for larvae and 26.3, 52.6, 73.7 ul/I
for pupae; eucalyptus: 1.4, 4.2, 7.1 pl/I air for
larvae and 57.9, 73.7, 89.5 ul/I for pupae. For-
ty bean seeds containing about 30-40 sec-
ond instar larvae or 3-day-old pupae of A.

obtectus were placed in each jar. The same
methodology was followed for the control
without the application of essential oils. Six
replicates were used for each dose and in-
sect stage. After 48 h of exposure to essen-
tial oil vapours, the beans were transferred
to clean vials for four days and subsequently
the beans in half of the replicates were dis-
sected in order to count the dead larvae and
pupae. The beans from the other three rep-
licates remained intact and were observed
daily until the adult survivors emerged. The
developmental time from the end of expo-
sure to adult emergence was also recorded.
After emergence the beans were dissected
and dead larvae and pupae were counted.

Sublethal effects on adults

The effect of the essential oil vapours
on adult insects derived from the survived
treated larvae and pupae was also studied.
For this purpose male or female survivors
from each dose tested were weighted just
after their emergence and subsequently, 20-
30 of them were placed individually in plas-
tic Petri dishes (9 cm in diameter) in order to
record their longevity.

To study the fecundity and fertility of fe-
male survivors, about 15 females, emerged
from each dose tested, were placed individ-
ually with two untreated one-day-old males
taken from the mass culture in plastic Petri
dishes (9 cmin diameter) containing 10 beans
and allowed to mate and oviposit until their
death. The number of eggs laid was counted
daily. The eggs were kept in the Petri dishes
until the end of hatching and the number of
hatched and unhatched eggs was recorded.

Experimental conditions
All trials were conducted at 65 + 5 r.h, 25
+1°Cand a 12 h photoperiod.

Statistical analyses

All mortality data were corrected by us-
ing Abbott’s formula (1). T-test was used in
order to compare the average mortality cal-
culated four days after exposure to essen-
tial oil vapours with that recorded after the
emergence of the adults.
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Data concerning the adult weight, adult
longevity, fecundity, egg hatchability and
pupae developmental time, were analysed
by using one way analysis of variance (ANO-
VA) followed by the least significant differ-
ence test (LSD) for means separation (24, 25).
Means of the larvae developmental time were
compared with the Mann-Whitney U test, as
the obtained data did not satisfy the assump-
tions required for a parametric test (24).

Results

Delayed mortality

The recorded mortality four days after
the exposure of larvae or pupae to essential
oil vapours did not differ significantly from
that recorded after the emergence of adults
for all essential oils and doses tested (t test,
all P>0.05) (Figure 1) indicating that the ma-
jority of larvae and pupae were killed during
or immediately after the treatment phase.

Sublethal effects

Lavender essential oil

Exposure of larvae to lavender essential
oil vapours did not significantly affect the de-
velopmental time from larvae to adult emer-
gence at all doses tested except for that of 2
pl/l air (Mann-Whitney U test, Table 1). Weight
and longevity of adults were also not signif-
icantly affected (males: F3’ o = 1.727; F3’ _—
0.730; females: F3’100 =2.502; F3’115 =2.618; all
P > 0.05, for weight and longevity, respective-
ly). Females derived from larvae exposed to
the highest dose of lavender essential oil va-
pours deposited fewer eggs than control fe-
males (F, ,, = 3.982, P < 0.01), but egg hatcha-
bility was not affected (F, ,, =2.807, P > 0.05).

Exposure of pupae to lavender essential
oil vapours resulted in extension of the devel-
opmental time from pupae to adult for both
sexes, only at the highest concentration test-
ed (males: F, 1,s=4916,P <0.07; females: F“34
=5.898, P < 0.001) (Table 2). The adult weight
and the longevity of male survivors were not
affected (weight of males:F, ., = 1.001, P>0.05;
weight of females: F, 5 =0.629, P > 0.05 and
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longevity of males: F, 44 =0.805,P> 0.05). The
longevity of the female survivors in all dos-
es tested was significantly lower compared
to control (F, .. = 11.631, P < 0.001), whereas
females laid fewer eggs (32-42%) at the two
higher doses (F3’34 =3.721, P<0.05). The hatch-
ability of the eggs laid was not significantly
affected (F, ,, = 0.662, P > 0.05).
Rosemary essential oil

After exposure of larvae to rosemary es-
sential oil vapours, the developmental time
of larvae was significantly affected only at the
highest dose tested (Mann-Whitney U test,
Table 3). Exposure to the highest dose also
caused a reduction in adult male weight (Fs,
. = 5.841, P < 0.001), whereas the weight of
females was not significantly affected (F, ,,
= 1.469; P>0.05). The longevity of the adults
of both sexes was not significantly affected
(males: F, ., = 0.370; females: F, ., = 1.300, all
P > 0.05). Females derived from treated larvae
laid approximately 23-35% fewer eggs at all
doses tested (F, ,,=4.486, P < 0.01) compared
to control, but egg hatchability was not sig-
nificantly affected (F3’49 =0.496, P > 0.05).

After exposure of pupae to rosemary es-
sential oil vapours, the developmental time
from pupae to adult was significantly affect-
ed only for the male survivors at the highest
dose tested (males: F3’ 163 = 4073, P <0.01; fe-
males: F, . =2.036, P > 0.05) (Table 4). The
weight of the adult survivors did not differ
from that of the control insects except for
the female survivors derived from the high-
est dose tested (males: F, ., = 1.73, P > 0.05;
females: F, ., = 4.322, P < 0.01). No nega-
tive effects on the longevity of male survi-
vors was recorded (Fa, s = 2-289, P > 0.05),
while the longevity of the adult females was
reduced at all doses tested (F, ,, = 12.036, P
< 0.001). Moreover, the female survivors laid
fewer eggs at the two higher doses (F, , =
4.253, P < 0.01), but egg hatchability was not
significantly affected (F, ,, = 0.201; P > 0.05).
Eucalyptus essential oil

Exposure of larvae to eucalyptus essen-
tial oil vapours prolonged the developmen-
tal time from larvae to adult for both sexes at
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Figure 1. Mortality of Acanthoscelides obtectus larvae and pupae after exposure to three essential oil vapours [columns
within each dose and essential oil capped by the same letter do not differ significantly (t-test: P>0.05)].

all doses tested (Mann-Whitney U test, Table  control males (F, ,, = 4.246, P < 0.01), where-
5). Males that survived the two higher doses  as the weight of the female survivors was not
weighted significantly less compared to the  significantly affected (F, .. =2.489, P > 0.05).

3,116
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Table 1. Developmental time (number of days from the end of exposure to adult emer-
gence), weight, longevity, fecundity and fertility of Acanthoscelides obtectus adults derived
from 2" instar larvae that survived the exposure to three different doses of lavender essen-
tial oil vapours.

Mean developmental | Mean adult weight | Mean adult longevity |pMean number| Mean (%)
Dose | time + SE' (days) + SE? (mg) + SE? (days) of eggs laid | unhutched
(uiain Males | Females | Males Females | Males | Females +SE? eggs + SE?
0 26.0+0.3a |274+0.2a | 514+0.12a | 6.27+0.72a | 16.3+0.8a | 22.3+0.8a 55.3+2.8a 10.7 £1.7a
0.2 | 26.5+0.3a |271+0.3a | 481+0.11a | 6.10+0.10a | 16.5+0.8a | 21.9+0.8a | 43.3+3.4ab | 17.5+2.2a
14 |274+05ab|28.1+0.6a|4.87+0.13a | 6.20+0.14a | 16.5+1.0a | 19.6+1.0a | 451+52ab | 12.8+17a
2 28.4+0.6b [28.7+0.6a|4.84+0.09a|591+0.09a | 14.6+1.4a | 17.8+2.4a 33.9+5.8b 11.0£1.2a

Means within a column followed by the same letter do not differ significantly (‘(Mann-Whitney U test, 2LSD test:
P>0.05).

Table 2. Developmental time (number of days from the end of exposure to adult emergence),
weight, longevity, fecundity and fertility of Acanthoscelides obtectus adults derived from pu-
pae that survived the exposure to three different doses of lavender essential oil vapours.

bose Me;;iilg:;)(%r:ental Mean+agiEuIt weight Meanjdultdlongevity Mean numper Mean (%)
(/1 i) = ys) + SE (mg) *+ SE (days) of eggs laid |unhatched
Males | Females Males Females Males | Females +SE eggs + SE

0 6.8+0.2a 75+0.2a | 5.23+£0.17a | 6.41+£0.18a | 15.6+0.7a | 22.6 +0.9a 539+34a 10.5+2.3a

21 74+0.2a 75+03a | 494+0.17a | 6.11+£0.18a | 14.5+0.8a | 19.5+1.3b | 43.3+4.0ab 12.2+1.8a

36.8 7.2+0.2a 71+0.2a | 487+0.12a | 6.16 £0.22a | 14.6+0.6a | 18.3+0.9b 36.5+4.8b 89+ 1.3a

57.9 8.5+0.4b | 9.1+0.5b 49+0.19a | 6.08+0.18a | 13.9+0.9a | 13.8+0.9c 31.0+8.3b 94 +1.2a

Means within a column followed by the same letter do not differ significantly (LSD test: P>0.05).

Table 3. Developmental time (number of days from the end of exposure to adult emer-
gence), weight, longevity, fecundity and fertility of Acanthoscelides obtectus adults derived
from 2" instar larvae that survived the exposure to three different doses of rosemary essen-
tial oil vapours.

5 Mez.m developmental Mean ad;JIt weight Mean adt;lt longevity \Mean number| Mean (%)

05? time + SE' (days) + SE? (mg) + SE? (days) of eggs laid | unhatched

(ul/1 air) +SE? +SE?
Males Females Males Females Males Females * €ggs *

0 26.0+0.3a | 274+0.2a | 5.14+0.12a | 6.27+0.72a| 16.3+0.8a | 22.3+0.8a 55.3+2.8a 10.8 £ 1.7a
14 | 253+07a [26.2+0.6a| 498+0.14a |6.05+0.09a| 16.2+1.1a | 19.3+1.2a | 357+5.3b 17.8 £6.2a
2.1 26.2+0.5a | 27.3+0.3a | 4.87+£0.07a | 6.00+£0.10a | 15.2+1.0a | 20.5+t 1.4a 42.1+29b 11.6 £ 2.0a
2.8 |293+09b [309+09b| 450+0.13b |6.00+0.25a| 150+19a | 20.2+24a | 402+53b | 11.7+12a

Means within a column followed by the same letter do not differ significantly (‘(Mann-Whitney U test, 2LSD test:
P>0.05).

Adult longevity was not significantly affect-

ed (males: F

101

3,144

144 = 0.408, P > 0.05; females: F3’
=1.647,P > 0.05), but the females surviving

the highest dose tested laid fewer eggs com-

pared to the control females (F

=494, P

3,56

< 0.01). Egg hatchability was not significantly
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affected (F, ., = 1.644; P > 0.05).

Exposure of pupae to eucalyptus essen-
tial oil vapours did not affect the develop-
mental time (males: F, , = 1.31; females: F,
105 = 0.389, all P > 0.05) or the weight of the
adult survivors (males: F3’ 5, = 1457, females:
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Table 4. Developmental time (number of days from the end of exposure to adult emergence),
weight, longevity, fecundity and fertility of Acanthoscelides obtectus adults derived from pu-
pae that survived the exposure to three different doses of rosemary essential oil vapours.

Dose Me:;:qg?/ZLo(Zr:ental Mearlasiult weight Meanfggl';longevity Mean numper Mean (%)
(/1 ain) + ys) + SE (mg) + SE (days) of eggs laid |unhatched
Males | Females Males Females Males Females +SE eggs + SE

0 6.8+02a | 75+02a | 523+17a | 641+0.18a | 156+07a | 22.6+09a | 539+34a | 10.5+2.3a
26.3 69+02a | 73+0.2a |514+0.22a | 6.16+0.26a | 15.5+0.5a | 199+0.7b 53.2+t4.a 1M.4+12a
52.6 |73+02ab| 72+02a |506+0.11a | 6.16+0.17a | 143+15a | 19.5+0.8b | 36.3+59b | 12.0+3.6a

73.7 81+03b | 85+0.6a | 516+0.12a | 5.53+0.18b | 13.3+0.6a | 149+ 1.0c 32.0+8.4b 8.8+3.5a

Means within a column followed by the same letter do not differ significantly (LSD test: P>0.05).

Table 5. Developmental time (number of days from the end of exposure to adult emer-
gence), weight, longevity, fecundity and fertility of Acanthoscelides obtectus adults derived
from 2" instar larvae that survived the exposure to three different doses of eucalyptus es-
sential oil vapours.

Dose Mean devel?pmental Mean adzult weight | Mean aduzlt longevity |Mean number| Mean (%)
- time + SE' (days) + SE” (mqQ) + SE* (days) of eggs laid |unhatched

(ul/1 air) + SE2 + SE?

Males Females Males Females Males Females * €ggs +

0 26.0+0.3a | 274+0.2a | 5.14+0.12a | 6.27 +0.07a | 16.3+£0.8a | 22.3+0.8a 55.3+2.8a 10.7 £1.7a
14 | 289+0.4b | 29.8+0.3b |4.89+0.09ab | 5.88+0.12a | 16.5+0.9a | 19.1+1.0a | 479+2.3a |13.5+2.2a
4.2 31.4+0.5¢c | 32.1+£0.4c | 464+0.08b | 587 +0.24a | 16.8+1.3a | 19.5+1.3a 51.9+3.3a 21.8+5.3a
7.1 31.3+0.8¢c | 32.8+0.9c | 4.74+0.15b | 6.02+0.18a | 15.1+1.3a | 20.1 +2.3a 37.8+5.7b 159+ 3.4a

Means within a column followed by the same letter do not differ significantly (‘(Mann-Whitney U test, 2LSD test:
P>0.05).

Table 6. Developmental time (number of days from the end of exposure to adult emer-
gence), weight, longevity, fecundity and fertility of Acanthoscelides obtectus adults derived
from pupae that survived the exposure to three different doses of rosemary essential oil va-

pours.
Mean developmental Mean adult weight Mean adult longevity |Mean number| Mean (%)
( Dl/TS;r) time + SE (days) + SE (mg) + SE (days) of eggs laid |unhatched
g Males | Females Males Females Males Females +SE eggs + SE
0 6.8 +0.2a 75+0.2a | 5.23+0.17a | 6.41£0.18a| 15.6+0.7a | 22.6 +£0.9a 539+34a 10.5+2.3a
579 | 71+02a | 7.6+0.3a | 5.24+0.17a | 6.19+0.16a | 13.4+09b | 17.6+0.8b | 381+49b |104+2.0a
73.7 74+£0.2a 79+03a | 515+0.18a | 6.18+0.16a | 13.2+0.6b | 16.4 +0.7bc 33.7+4.1b 20.7 £4.1b
89.5 74+0.3a 76+03a | 482+0.15a | 591+0.21a | 12.8+0.6b | 14.8+1.0c 359+5.1b 11.8+2.4a

Means within a column followed by the same letter do not differ significantly (LSD test: P>0.05).

F

3,53

= 1.294, all P > 0.05) (Table 6). However,

Discussion

adult longevity was significantly decreased
(males: F, |, = 3.462, P < 0.01; females: F, ..
=11.518, P < 0.001) and females laid 29-37%
fewer eggs compared to the control females
(F, ,, =4.071, P < 0.01). Egg hatchability was

3,37
only affected at the intermediate dose test-
ed (F, ,,=3.136, P < 0.05).

The study of delayed mortality showed that
larvae and pupae of A. obtectus within beans
died during or soon after their exposure to
lavender, rosemary or eucalyptus essential
oil vapours. In the case of larvae, this rapid
death is a requisite in order to avoid further
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damage of the beans. A similar rapid action
has been reported for citrus peel essential
oil vapours against larvae of Callosobruchus
maculatus F. (7).

Previous studies have shown that the
essential oils and their main components,
monoterpenoids, adversely affect the
growth and development of larvae of vari-
ous species via ingestion (8, 13, 15). Our re-
sults showed that the essential oils can also
affect larval and pupal growth and develop-
ment as well as fecundity of the survivors via
their vapour action.

Exposure of A. obtectus larvae and pu-
pae to sublethal doses of lavender and rose-
mary essential oil vapours did not affect the
developmental time to adult emergence ex-
cept for the doses causing about 70% mor-
tality, where a slight prolongation of the de-
velopmental time was observed mainly in
the male adults. On the contrary, in the case
of the eucalyptus essential oil, a prolonged
larval developmental time was observed at
all doses tested. Differences in the chemical
composition of the three essential oils test-
ed (levanter, rosemary and eucalyptus) (17)
may account for their different biological ac-
tion against A. obtectus.

Regarding the effect of essential oil va-
pours on the weight of adults derived from
treated larvae or pupae, a slight decrease
was observed which, in most cases, was
not statistically significant. In similar experi-
ments, Gunderson et al. (8) and Lee et al. (15)
recorded higher levels of decrease in adult
weight (in some cases up to 60%). However,
in those experiments the insects were not
exposed to oil vapours as the essential oils
had been incorporated into their diet.

Adult longevity of A. obtectus seems to
depend on the stage exposed to the essen-
tial oil vapours and the sex of the surviving
adult. In fact, the longevity of the adults of
both sexes derived from larvae exposed to
essential oil vapours was not affected at all
doses tested, whereas the exposure of pu-
pae to essential oil vapours resulted in an
average 14-34% reduction in the longev-
ity of the female adults at all doses tested.
The males were less affected than females,
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as the longevity of male adults was reduced
only in the case of eucalyptus essential oil.

The most severe physiological effect of
exposure of larvae and pupae to sublethal
doses of the essential oil vapours was the re-
ductioninthe femalefecundity although the
viability of the eggs laid was not decreased
significantly. In fact, females emerged from
treated larvae or pupae laid 25-40% fewer
eggs than control females. The effects of es-
sential oil vapours on the male reproductive
system were not investigated in the pres-
ent study, but similar studies (8) have shown
that males were less sensitive than females.

Overall, an adverse impact on the devel-
opment and especially fecundity of A. obtec-
tus individuals surviving the exposure to va-
pours of three different essential oils should
be added to their main rapid mortality ac-
tion. However, in the interpretation of sub-
lethal effects it is difficult to differentiate
whether these effects are due to insecticid-
al action or to inherent characteristics of the
insecticide-selected individuals (6). Subse-
quently, comparison between treated and
control individuals would, thus, be biased
(2). In fact, in preliminary experiments with
A. obtectus adults resistant to lavender es-
sential oil vapours (DP Papachristos, un-
publ.), a reduced biological potential (lon-
ger developmental time and lower intrinsic
rate of increase compared to susceptible
population) was observed, but no data are
available at the moment for the other insect
stages. The practical implications of these
findings suggest that, when A. obtectus is
exposed to lavender, rosemary or eucalyp-
tus essential oil vapours, satisfactory control
may be achieved even if some insects sur-
vive the treatment.
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YmoBavatn@opeg empAacelg TpLwv atfépiwv eAaiwv otnv
avantuén, pakpoflotnta Kai yovipotnta touv Acanthoscelides
obtectus (Say) (Coleoptera: Bruchidae)

A.MN. Namaxpriotog kat A.K. Ztapdémouiog

Nepidnyn Mpovougeg Kat vOuQeC Tou evtdpou Acanthoscelides obtectus ektéBnkav oe Tpeig Slopope-
TIKEG ouykevTpwoelG (LC, , LC, kai LC ) atpdv twv aiBépiwv ehaiwv AeBavtac, SevtpohiBavou kat u-
KaAumtou. Ot TPOVUUPES Kal Ot VOPQEC TTou déxBnkav tnv emidpaon Twv alBépiwv eAaiwv kat empPiw-
oav euedavioav kaBuotépnon otnv avantuén Touc. Emionc, Ta BnAukd mou mpoékuPav amd TPOVUUQPES
Kal VOUQEG Tou gixav 6exBei Tnv emidpaon Twv atpwy Twv aiBéplwv eAaiwv epeavioav pelwpévn diap-
Kela (wn¢ Kat yovipotnta. To €idog kat n évtacn twv emdpdocwv Ppébnke va e€aptdtal amod to otadlo
avanTtuéne Kai 1o GUAO Tou evTOUoU Tou S€xOnKe TNV emidpacn Twv alBépiwv eraiwv kabwg Kat amo
710 €ido¢ kal TN §oon Twv alBépiwv eaiwv. EmmAéov o€ kapia mepimtwon 6ev mapatnperRdnke kabuoTe-
pnuévn Bvnodtnra.

Hellenic Plant Protection Journal 2: 91-99, 2009
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Toxic effects of insecticide residues on three aphidophagous

coccinellid species

I. Katsarou', A. Martinou?, D.P. Papachristos? and D. Zoaki'

Summary The toxicity of 1- and 8-day residues of three insecticides (imidacloprid, thiacloprid and
methomyl) was tested in the laboratory against the larvae (first and third instars) and adults of the
predacious coccinellids Ceratomegilla undecimnotata (Schneider), Oenopia conglobata L. and Propylaea
quatuordecimpunctata L. Predators were placed for 24 h on broad bean leaves sprayed with the tested
insecticides at the recommended doses. Larval mortality was checked 1 day after exposure, upon pu-
pation and adult emergence. Adult mortality was checked 1, 10 and 20 days after exposure to insecti-
cides. Generally, 1- and 8-day residues of all insecticides tested caused high mortality (up to 100%) to

larvae and adults.

Additional keywords: adults, imidacloprid, larvae, methomyl, thiacloprid, toxicity

Introduction

Beetles of the Coccinellidae family areamong
the most common aphid predators (5, 8, 10).
However, their conservation in agroecosys-
tems is limited by the extensive use of insec-
ticides. Predatory coccinellids are likely to be
exposed to a great number of insecticides
while foraging in the field. More specifically,
they can be exposed to insecticides direct-
ly during pesticide applications or indirect-
ly by contacting insecticide residues while
foraging on sprayed surfaces or by consum-
ing prey exposed to insecticides. Concern-
ing the significant role of coccinellids and
other natural enemies in aphid biocontrol,
the use of more selective insecticides in in-
tegrated pest management (IPM) strategies
is helpful to the conservation of natural en-
emies (4). The most suitable insecticides are
those with high toxicity to pests and no tox-
ic effects on natural enemies (18, 19). Thus,
the impact of any compound used during
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crop protection on natural enemies should
be part of the essential evaluation process.

The lethal (mortality) and sublethal (de-
velopmental time, fecundity, locomotory
behavior) effects of insecticides on coccinel-
lid predators have been studied extensive-
ly (2, 7, 15, 17, 22, 25). However, susceptibil-
ity of coccinellids to insecticides may vary
significantly according to the insect species,
its developmental stage and the type of the
chemicals applied (21, 25). Although a great
number of studies have addressed the toxic
effects of insecticides against the coccinel-
lid predators, there is no data concerning
the effects of insecticides against some im-
portant coccinellid predators.

Ceratomegilla undecimnotata (Schnei-
der) (Coleoptera: Coccinellidae) is a com-
mon European species that preys upon a
high number of aphid species in cultivated
and non-cultivated plants (10, 12, 13). Propy-
laea quatuordecimpunctata L. (Coleoptera:
Coccinellidae), a widely distributed Palearc-
ticaphidophagous species that has been es-
tablished in Canada and has spread into the
United States, preys upon numerous eco-
nomically important aphids on a wide range
of crops (6, 9, 16, 23). Oenopia conglobata L.
(Coleoptera: Coccinellidae) is also a wide-
spread coccinellid predator in Europe and
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Asia that feeds on numerous aphid species
(1,14, 24).

As there is lack of data on the toxic ef-
fects of insecticides against the above men-
tioned coccinellid predators, the aim of the
present study was to evaluate the residual
toxicity of one carbamate (methomyl) and
two neonicotinoids (imidacloprid, thiaclo-
prid) insecticides against the larvae (first and
third instars) and adults of three common
predacious coccinellids, C. undecimnotata O.
conglobata and P. quatuordecimpunctata.

Material and methods

Insects

Laboratory cultures of C. undecimnota-
ta were established from individuals collect-
ed in mid August 2006 from an alfalfa field
in the area of Arta (Epirus, south-western
Greece) and cultures P. quatuordecimpunc-
tata and O. conglobata were established
from adults collected during the same pe-
riod from a corn field in the same area. In
the area where the coccinellids were collect-
ed no insecticides had been applied for the
last five years. Ladybird beetles were reared
on broad bean plants (Vicia faba L.) infest-
ed with Aphis fabae Scopoli (Hemiptera:
Aphididae) and held in a controlled-envi-
ronment room at 23 + 1 °C, 65+5% r.h.and a
16-h photoperiod. F, progeny were used for
the experiments. Aphid colonies were es-
tablished from individuals collected from a
commercial bean crop (Phaseolus vulgaris L.)
and reared on V. faba plants.

Insecticide application

Five broad bean seeds were sown in
each pot (13.5 cm upper diameter, 7 cm
base diameter, 12.5 cm height and 1 | vol-
ume) filled with a mixture of peat (black and
white peat substrate, Floradur B fine, Flora-
gard) and perlite (Perloflor, Protectivo Ltd)
in a 6:1 weight proportion. When the plants
reached 20 cm of height they were spayed
with aqueous solutions of the insecticides
at the recommended doses and leaves were
collected 1 and 8 days after application. The

insecticides tested were: imidacloprid (Con-
fidor 200 SL, Bayer Hellas, 20% a.i., applied
rate 0.5ml/l), thiacloprid (Calypso 480 SC,
Bayer Hellas, 48% a.i., applied rate 0.3ml/l)
and methomyl (Selanox 20 SL, SEGE SA Hel-
las, 20% a.i., applied rate 1.5 ml/I).

Bioassay

Four leaves from the sprayed plants
were placed in each Petri dish (9 cm in di-
ameter) and the appropriate developmen-
tal stage of the predator was left to walk on
the sprayed leaves for 24 h. An opening was
made to the lid of the Petri dishes, which
was subsequently covered with fine mus-
lin to allow ventilation and maintenance
of humidity level inside the Petri dish sim-
ilar to that of the laboratory. For the larval
studies and in order to avoid cannibalism,
first and third instar larvae were placed in-
dividually in the Petri dishes. Groups of 10
larvae were considered as one replicate. For
the adult studies, five adults were placed in
each Petri dish and two Petri dishes were
considered as one replicate. First and third
instar larvae were exposed to insecticides
one day after their enclosure and adults
five days after emergence. After exposure
to insecticides, insects were placed in clean
Petri dishes and were provided with A. fabae
daily. Larvae were checked daily until they
reached the adult stage. The adults were
also checked daily for 20 days following ex-
posure to insecticides and the dead individ-
uals were counted. Three to five replicates
were used for each insecticide and develop-
mental stage of the predator. The same pro-
cedure was followed for the control plants
which were sprayed with water.

Statistical analysis

The differencesin mean mortalityamong
treatments were determined by the Mann-
Whitney U test using the statistical package
SPSS 14.0 (20).
Results and Discussion

Insecticides were highly toxic to both larvae
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and adults of C. undecimnotata exposed to
1- or 8-day insecticide residues (Table 1). Ir-
respectively of the insecticide used, almost
all first instar larvae were found dead 24 h
after their exposure to the residues. Similar-
ly, all third instar larvae and adults exposed
to methomyl residues did not manage to
survive. Only a small proportion of the third
instar larvae and adults survived the expo-
sure to imidacloprid and thiacloprid resi-
dues. However, the small proportion of lar-
vae that survived insecticide exposure did
not manage to reach the adult stage. The
longevity of the adult survivors was signif-
icantly lower compared to control. Similar
were the effects of the tested insecticides
on P. quatuordecimpunctata (Table 2) and O.
conglobata (Table 3).

Imidacloprid has been exclusively test-
ed against coccinellid predators and a broad
range of its lethal and sublethal effects have
been evaluated (11, 22, 25). However, the in-
tensity of the toxic effects depends on the
coccinellid species, as well as on the rate and
methods of insecticides application (11, 25).

For example, James (11) found that the di-
rect application of imidacloprid at the rec-
ommended doses on Stethorus punctum pic-
ipes (Casey) and Harmonia axyridis Pallas was
highly toxic to larvae of both coccinellid spe-
cies. Nevertheless, Youn et al. (25) found that
direct application of imidacloprid at the rec-
ommended doses against all developmental
stages of H. axyridis was highly toxic to the
egg stage as well as to the first, second and
third instar larvae but not to the fourth in-
star larvae, pupae or adults. In our study, imi-
dacloprid was highly toxic to both larval and
adult stage of all three coccinellid species
tested. In some cases, a small proportion of
the third instar larvae or adults survived the
exposure to imidacloprid, but they did not
manage to reach adulthood or survive for
long after their exposure to the insecticide,
respectively. Although the studies on the ef-
fects of methomyl on coccinellid predators
are limited, toxic effects due to its direct ap-
plication have been reported on H. axyridis
Pallas, Coccinella repanda Thunberg and Har-
monia octomaculata (Fabricius) (3, 11).

Table 1. Residual toxicity of three insecticides to larvae (first and third instars) and adults of
Ceratomegilla undecimnotata in a 24-h exposure bioassay. Mortality was assessed for larvae
1 day after exposure to insecticides, upon pupation and adult emergence and for adults 1,

10 and 20 days after exposure to insecticides.

% Mean mortality + SE
1-day residues 8-day residues
Insecticides y — ‘ Y
First instar larvae

1 day Pupation |Adult emergence 1 day Pupation |Adult emergence
Imidacloprid | 929+71a* | 100+0a 100+0a 100+0a 100+0a 100+0a
Thiacloprid 100+0.0a | 100+0a 100+0a 86.7+13.0a |93.3+67a| 93.3+6.7a
Methomyl 100+ 0.0a 100+0a 100+0a 100+0a 100+0a 100x0a
Control 14.0+5.8b |18.0+4.6b 18.0+4.6b 140+58b [18.0+46b 18.0+4.6b

Third instar larvae

1 day Pupation |Adult emergence 1 day Pupation |Adult emergence
Imidacloprid | 564+91b |90.8+53a| 950+50a 843+88a | 90+50a 952+47a
Thiacloprid |85.0+15.0ab| 100+0a 100+0a 50.0+18.8b | 100+0a 100+0a
Methomyl 100+ 0.0a 100+0a 100+0a 89.3+10.7a |96.4+36a 96.4+34a
Control 4.0+4.0c 40+4.0b 40+4.0b 40+4.0c 40+4.0b 40+4.0b

Adults

1 day 10 days 20 days 1 day 10 days 20 days
Imidacloprid | 729+10.4b |93.7+6.2a 100+0a 686+156b |91.7+5.3a 91.8+53a
Thiacloprid 100+ 0.0a 100+0a 100+0a 889+ 11.1ab |944+55a 100x0a
Methomyl 100+£0.0a 100+0a 100+£0a 100+0a 100+0a 100+0a
Control 00+00c | 50+50b 10+£6.1b 00+0.0c | 50%+50b 10+£6.1b

* Values within each column and developmental stage followed by the same letter do not differ significantly (Mann-

Whitney U test, P>0.05).
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Table 2. Residual toxicity of three insecticides to larvae (first and third instars) and adults of
Propylaea quatuordecimpunctata in a 24-h exposure bioassay. Mortality was assessed for lar-
vae 1 day after exposure to insecticides, upon pupation and adult emergence and for adults
1, 10 and 20 days after exposure to insecticides.

% Mean mortality + SE
1-day residues 8-day residues
Insecticides y — ‘ y
First instar larvae

1 day Pupation | Adult emergence 1 day Pupation |Adult emergence
Imidacloprid 100 + 0 a* 100+0a 100+0a 95.0+5.0a | 950+5.0a 95.0+5.0a
Thiacloprid 100+0a 100+0a 100+ 0a 100+0a 100+0a 100+0a
Methomyl 100+0a 100+0a 100+£0a 100+0a 100+0a 100+0a
Control 9.0+56b [13.0+83b 18.0+4.6b 9.0+5.6b |13.0+83b 18.0+4.6b

Third instar larvae

1 day Pupation | Adult emergence 1 day Pupation |Adult emergence
Imidacloprid | 75.0+19.3a| 90+10a 90+10a 71.8+18.1a | 88.7t6.6a 88.7t6.6a
Thiacloprid 79.2+163a| 100+0a 100+0a 95.0+5.0a | 95.0+50a 95.0+5.0a
Methomyl 95.8 £4.2a| 90x4a 100+0a 100+£0a 100+0a 100+0a
Control 50+5.0b | 50+5.0b 16.5+9.2b 50+5.0b | 5.0+5.0b 16.5+9.2b

Adults

1 day Pupation | Adult emergence 1 day Pupation |Adult emergence
Imidacloprid 70+20b 90+4a 90+4a 60.7+18.7a|964+3.5a 96.4+3.5a
Thiacloprid 60+20b 100+0a 100+0a 822+ 11.6a|96.8+3.1a 100+0a
Methomyl 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Control 00+0.0c [150+6.1b 150+6.1b 0.0+0.0b |150+6.1b 150+6.1b

* Values within each column and developmental stage followed by the same letter do not differ significantly (Mann-
Whitney U test, P>0.05).

Table 3. Residual toxicity of three insecticides to larvae (first and third instars) and adults of
Oenopia conglobata in a 24-h exposure bioassay. Mortality was assessed for larvae 1 day af-
ter exposure to insecticides, upon pupation and adult emergence and for adults 1, 10 and 20
days after exposure to insecticides.

% Mean mortality + SE
Insecticides 1-day residues _ ‘ 8-day residues
Firstinstar larvae

1 day Pupation |Adult emergence 1 day Pupation |Adult emergence
Imidacloprid | 96.7+3.3a | 100+0a 100+0a 100+0a 100 + 0a 100 + 0a
Thiacloprid 100+0a 100+0a 100+0a 71.6+133a| 100+0a 100 +0a
Methomyl 100+0a 100+£0a 100+0a 91.1+12.2a 100 £ O0a 100 £ 0a
Control 0+0b 0+0b 9.0+5.5b 0+0b 0+0b 9.0+5.5b

Third instar larvae

1 day Pupation |Adult emergence 1 day Pupation |Adult emergence
Imidacloprid [93.3+6.6ab| 100+0a 100+0a 70.8+239a |87.5+12.5a| 87.5+125a
Thiacloprid 70£152b |95.0+76a 100+0a 93.7+6.2a 100+0a 100+0a
Methomyl 100+0a 100+0a 100+0a 750+144a | 875+7.2a 100+0a
Control 0+0c 0+0c 9.5+6.2b 0+0b 0+0b 9.5+6.2b

Adults

1 day 10 days 20 days 1 day 10 days 20 days
Imidacloprid 100+0a 100+0a 100+0a 65.0+119a | 89.5+6.2a 89.5+6.2a
Thiacloprid 96.7+33a | 100£0a 100+0a 80.3+6.9a | 100+0a 100+0a
Methomyl 100+0a 100+£0a 100+0a 81.2+11.8a |875+125a 875+125a
Control 50+5.0b [10.6+6.0b 10.6+6.0b 50+5.0b | 10.6+6.0b 106+6.0b

* Values within each column and developmental stage followed by the same letter do not differ significantly (Mann-
Whitney U test, P>0.05)
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Overall, all the tested insecticides were
highly toxic to all three coccinellids and the
toxic effects remained the same even when
the coccinellids came into contact with res-
idues 8 days after the application of the in-
secticides on plant foliage. However, the
exposure techniques under laboratory con-
ditions may not be representative of the
predator exposure to insecticides under
field conditions and consequently, the ac-
tual mortality in the field may be different
than that obtained under laboratory condi-
tions (11). Nevertheless, laboratory evalua-
tion of insecticide toxicity against beneficial
insects may be a relatively good indicator of
the possible effects these insecticides might
have to beneficials at field level. Thus, it can
be concluded that the insecticides tested in
this study may have significant toxic effects
against these three coccinellid predators
and, therefore, may not be compatible with
IPM strategies.
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To&IKOTNTA OPIOREVIWV EVTOHOKTOVWY OE Tpia OnpeuTika €idn
EVTOMWYV TNG otkoyévelag Twv Coccinellidae

I. Katoapou, A. Maptivou, A.MN. Mamayxpriotog kat A. Zwdkn

Nepidnyn AiepeuviiBnke, g cUVBRKeG epyacTnpiou, n TOEIK eMGpacn TPIWY EVTOMOKTOVWY (imida-
cloprid, thiacloprid kat methomyl) oe mpovUp@eC TPWTNG Kat TPITNG NAIKiag KaBwg Kat evAAKa Twv
Onpevtikwv eviopwv Ceratomegilla undecimnotata (Schneider), Oenopia conglobata L. kal Propylaea
quatuordecimpunctata L. (Coleoptera: Coccinellidae). Ta évtoua ekTéOnKav pia Kat oKTW NUEPEC PETA
TOV PEKAGHO KAl Y10 24 WPEC GE UANA KOUKIWV TIOU EiXaV PEKACTEL |IE TIC CUVIOTWEVEG OOTEIC TWV UTIO
MENETN EVTOMOKTOVWY. H BVNoIUOTNTA TWV TMPOVULQWY HETPRBNKE 24 WPEC LETA TNV €KBECT TOUG 0Ta
EVTOMOKTOVA KABWE KAl KATA TN VUUPWaoN Kat evnAKiwon Toug. H Bvnotuotnta twv evnAikwv Yetprin-
Ke 1, 10 Kat 20 nuéPEC LETA TNV €KBEDT TOUC 0TA EVTOUOKTOVA. OAa T EVTOUOKTOVA TPOKAAETAV ONa-
VTIKA BvnotpotnTa (péxpt Kail 100%) oTI¢ TPOVUUPES KAl Ta EVAMKA TWV BNPEVTIKWY EVTOUWV.
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NG olkoyévelag twv Coccinellidae 101-106
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