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Summary

Xylotrechus arvicola (Coleoptera: Cerambycidae) is
a xylophagous species that is becoming an important pest
in vineyards in the Iberian Peninsula. The most sensitive
stages are adult and egg, but their neonate larvae can also
be attacked during the first 24 h after hatching and be-
fore entering the wood. Adults were evaluated for seven
days against the insecticides spinosad, Beauveria bassi-
ana, imidacloprid and chlorpyrifos and neonate larvae
(<24 h) and eggs of different ages against the described
insecticides, as well as flufenoxuron and pyriproxyfen. All
insecticides were applied in a Potter tower at a maximum
and minimum commercial dose, and showed significant
differences both among insecticides as between the
applied doses. Most of the hatching occurs eight days
after oviposition by X. arvicola females. Chlorpyrifos
had a quick and total control of eggs of different ages,
neonate larvae and adults in both dosis applied, but
its effectiveness could cause serious effects on other
non-target species. Pyriproxifen and flufenoxuron had
the best ovicidal control when the age of eggs increases
and, B. bassiana also had a good ovicidal control, due
its capacity to invade the eggs actively through their
shell and proliferate inside them. Biological insecticides
such as B. bassiana and spinosad, with a total control
on adults and good rates of mortality of neonate larvae
and eggs can be a great instrument to biological control
of this pest.

Key words: Xylotrechus arvicola; eggs; neonate larvae;
adults; Potter tower; toxic effect.

Introduction

Xylotrechus arvicola (Coleoptera: Cerambycidae) is a
xylophagous species that is becoming an important pest in
vineyard, with a great capacity to establish itself in new vine-
yards (RobriGUEZ-GoNzALEZ 2014), causing the destruction
of vines in the main wine-producing regions with Protected
Denomination of Origin (PDO) of Iberian Peninsula wines,
such as the vineyards of La Rioja Alta and Alavesa (OCETE

and Del Tio 1996, OcetE and Lopez 1999), Navarra (OCETE
et al. 2002), Castilla-La Mancha (RopriGuez and Ocaxa
1997), and Castilla y Leon (OceTe and LopEz 1999, PELAEZ
et al. 2001, MoreNo et al. 2004). Garcia Ruiz et al. (2012)
described that the action of the larvae, associated with the
spread of wood fungi, causes a direct damage (the larvae dig
galleries that diminish the plant’s capacity to transport sap
by reducing the vascular area, resulting in smaller berries,
which degrades wine quality by incrementing the propor-
tion of berry skin in overall wine composition) and indirect
damage (for fungal attack).

Their most sensitive stages are adult and egg, developed
outside the vine plants which have been attacked. But their
neonate larvae can also be attacked during the first 24 h after
egg hatching has occurred and before they enter the wood.
After mating, females of X. arvicola lay the eggs, concen-
trated in cracks or under the rhytidome in the vine wood.
The fecundity and viability of eggs are extended over a long
period (RopRIGUEZ-GONZALEZ et al. 2016a). The location of
the eggs enables the emerging larvae to get into the wood
without any difficulty, making galleries inside the plant.
The eggs are usually protected by the rhytidome or crack.
The larvae, once inserted in the wood, are inaccessible to
chemical compounds. Another problem is the treatment on
X. arvicola adults, because it has a pattern of emergency
which is very staggered in time (GaArcia-Ruiz 2009). Soria
et al. (2013) described the emergency period between late
June and mid-July in vineyards of La Rioja and can be
extended until mid-August, Morexo (2005) described this
period from March until the end of July in vineyards of
Valladolid (Castilla y Leon) and BiurruN et al. (2007) in
Navarre described the emergency period between 14 May
and 26 August in plantations of Prunus spinosa L.

An integrated approach against this pest via adaptation
of cultural techniques would to be remove the rhytidome
(PELAEZ et al. 2006) and pruning the affected branches
below the area of galleries (OCETE et al. 2004), but these
cultural measures are not suitable for an indirect control of
X arvicola because it is expensive, and also it is destructive
and not sustainable for the cultivation (PELAEZ et al. 2006).
Alternative management techniques can be used, such as
the change in the training system, using training systems
with several branches in which, after the pruning of affected
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branches, it is easier and quicker to train new branches (bush
wine training system). However, in vines conducted by trellis
(as for example bilateral cordon training system with only
two productive branches), if a branch is destroyed by a high
level of X. arvicola attack, a longer period is needed to train a
new branch, which decreases the vine production during this
period. RobriGUEZ-GONZALEZ et al. (2016b) concluded that
the renovation of attacked branches in vines is easier, with
the bush vines training system, than in vines with bilateral
cordon training systems.

Biological control techniques can be interesting, al-
though the knowledge of X. arvicola natural enemies is still
very low. Xylotrechus gender is parasitized by species of
the Ichneumonidae family (GeoraiEv and Korarov 1999,
REAGEL et al. 2012). Specifically, VIVES-NOGUERA et al.
(2000) described that their larvae can be parasitized by the
ichneumonids Xorides filiformis Gravenhorst 1829 (Hyme-
noptera: Ichneumonidae), Xorides rufipes Gravenhorst 1829
(Hymenoptera: Ichneumonidae) and the braconid Doryctes
leucogaster 1834 Nees (Hymenoptera: Braconidae) in forest
ecosystems, although its low density suggests that they do
not play an important role in their biological control (GEOR-
GIEV and KorLArov 1999; Garcia-Ruiz 2007). In X. arvicola
eggs the entomopathogenic fungus Beauveria bassiana has
been detected (Garcia and SANcHEZ 2002).

To control X. arvicola, it is a priority to choose com-
pounds with a different mode of action, with greater selec-
tivity and less resistance, so as to minimize side effects on
predators described by PELAEZ ef al. (2012) or parasitoids
described by GeEoraGIEV and KorLArov (1999), REAGEL et al.
(2012) and Vives-NoGuEera (2000) improving the environ-
mental cost/benefit ratio of insecticide treatment. Specific
compounds to control pests with a low eventual side effect
in natural enemies would be entomopathogenic fungi as
Beauveria bassiana and Metarhizium anisopliae, insurances
against no object organisms and beneficial insects (BRINK-
MAN and FULLER 1999, CoTTRELL and SHAPIRO-ILAN 2003,
DunkeL and Jaronsk1 2003). Biological insecticides, such as
spinosad, provide a margin of safety for beneficial species or
predators, as has been observed after treatment against the
braconid parasitoid Microplitis mediator (Haliday), natural
enemy of the cabbage moth Mamestra brassicae (MOENS
et al. 2012). Systemic insecticides such as imidacloprid
have accumulated a low mortality after treatment against
Hyposoter didymator (Thunberg) (Hymenoptera: Ichneu-
monidae), considered one of the most important native
biocontrol agents of noctuids in Spain (MEDINA et al. 2007)
as well as Pyriproxifen, with a low toxicity on mammals and
high specificity. They are used instead of using non-selective
compounds with natural enemies such as Sodium arsenite,
which was used in the control of pests and diseases in vine-
yard, and it was eliminated because of its harmful effects on
human health (Garcia-Ruiz 2009) or Piricarb (MoENs ef al.
2012). Until today, no essay has been done in which different
insecticides have been evaluated on the X. arvicola stages.
Different phytosanitary strategies against this pest have
been raised through the use of insecticides with a different
mode of action, which have provided good results in other
beetle insect pests.

In the biological control of other Coleoptera described
as pests, entomopathogenic fungi, such as Beauveria bas-
siana, have been able to infect and kill all stages of the
coffee borers Xylotrechus quadripes Chevrolat (Coleoptera:
Cerambycidae), Acalolepta cervinus Hope (Coleoptera: Cer-
ambycidae) (Jia-NING and RoNG-PiNG 2002) or the red oak
borer Enaphalodes rufulus (Coleoptera: Cerambycidae) eggs
(MEYERSs et al. 2013). B. bassiana also has controlled the
larvae and adults of Anoplophora glabripennis (Coleoptera:
Cerambycidae) (Mitsuaki et al. 2002), Saperda populnea
(L.) (Coleoptera: Cerambycidae) (EKEN et al. 2006). Insec-
ticides from natural derivatives such as spinosad have been
used effectively in adult control of Rhyzopertha dominica
L. (Coleoptera: Bostrychidae) (ATHANASSIOU ef al. 2011),
Hypocryphalus mangiferae Stebbing (Coleoptera: Scoly-
tidae) (SAEED et al. 2011), Sitophilus granarius (Coleop-
tera: Curculionidae), Cryptolestes ferrugineus Stephens
(Coleoptera: Laemophloeidae) (ATHANASSIOU et al. 2011)
and the fruit fly Ceratitis capitata (Diptera: Tephritidae)
eggs (ADAN ef al. 1996). Inhibitors of embryogenesis such as
pyriproxyfen have demonstrated lethal effects on larvae and
sublethal front adult effects of Cryptolaemus montrouzieri
Mulsant (Coleoptera: Coccinellidae) (PLANES et al. 2013) and
in Callosobruchus maculatus Fabricius 1775 (Coleoptera:
Bruchidae) eggs (ABo-ELGHAR ef al. 2003).

In the chemical control of other beetles described as
pests, insecticides such as imidacloprid have been used,
which has proven useful in the embryonic control of insect
pests of the order Homoptera, Coleoptera, Lepidoptera, Dip-
tera, Hemiptera and Hymenoptera (BosTanian et al. 2010).
Imidacloprid also has shown toxicity against Plectrodera
scalator (F.) (Coleoptera: Cerambycidae) and Anoplopho-
ra glabripennis Motschulsky (Coleoptera: Cerambycidae)
larvae (PoLAND et al. 2006), and against Acalolepta vastator
(Coleoptera: Cerambycidae) (GoopwiN 2005), Hypocryph-
alus mangiferae Stebbing (Coleoptera: Scolytidae) (SAEED
et al. 2011) and Anoplophora glabripennis Motschulsky
(Coleoptera: Cerambycidae) adults (PoLanp et al. 2006).
Chlorpyrifos has been classified moderately toxic against all
stages of Cryptolaemus montrouzieri Mulsant (Coleoptera:
Coccinellidae) (PLANES et al. 2013) and this insecticide
has reduced populations of adults of various bark beetles
such as Acalolepta vastator (Coleoptera: Cerambycidae)
(GoopwiN 2005) and Aubeonymus mariaefranciscae Roudier
(Coleoptera: Curculionidae) (Marco and CASTANERA 1996).
Flufenoxuron, which acts on the immature insect stages
("Insect growth regulators", IGRs) has shown good control
on Gonipterus scutellatus Gyllenhal (Coleoptera: Curculio-
nidae) (PEREZ-OTERO et al. 2003, SANTOLAMAZZA-CARBONE
and FERNANDEZ DE ANA-MAGAN 2004).

The control carried out by insecticides on different
insect stages (direct contact) can give an idea of the insecti-
cide that will perform a better control in a field application.
WaNG et al. 2016 evaluated the residual efficacy of four
liquid insecticides against Cimex lectularius (Hemiptera:
Cimidae) on different surfaces and demonstrated that the
best residual efficacy of insecticides was obtained in wood.
Vine wood can act as a support for insecticides with good
residual effect (as for example, B. bassiana), providing an
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indirect contact with the insect and being able to control
the pest. Our group demonstrated (RoDRIGUEZ et al. 2014)
that when different insecticides were applied on eggs and
larvae of X. arvicola located on branches and trunks of
Vitis vinifera, the biological insecticides showed a good
residual effect. The resistance of insect pest to insecticides
is a problem that is ever-increasing and that is related to
the frequency of applications and with increasing dosages,
resulting in an increase of chemical residues on the hosts of
the insects. To prevent the development of this resistance,
integrated pest management (IPM) strategies are being used.
IPM appears to be a sustainable alternative to the traditional
management of pests and is based on the use of safer and
more selective insecticides, biological control, and other
cultivation techniques and is defined as an economically
viable strategy that combines several methods of control to
reduce pest populations to tolerable levels, minimizing the
effects on people's health and the environment (Rira ef al.
2008). Therefore, the aim of the study was to evaluate for
the first time in laboratory conditions the susceptibility to
insecticides with different modes of action against the sen-
sitive stages of X. arvicola, eggs, neonate larvae (< 24 h)
and adults, determining which is the insecticide with better
results on each stage in order to promote an integrated
management of the pest.

Material and Methods

Insects and experimental conditions:
X. arvicola eggs used in tests were obtained by pairing adults
captured in vineyards using interception traps (CROSS-
TRAP®, Econex, Murcia, Spain). Adults were matched
and put into glass jars (80 mm in diameter and 100 mm
high) covering the bottom partly with filter paper in which
substrates for oviposition and bowls for drinking (cotton
soaked in a solution of organic honey to 10 % in distilled
water) were placed. Oviposition substrates (corrugated
cardboard nets 120 x 40 mm) were reviewed daily. The eggs
were extracted and placed into 55 mm diameter Petri dishes.
These plates were covered with aluminium foil ensuring
complete darkness. The neonate larvae were obtained after
7-8 d and were extracted with the help of a brush. Collec-
tion dates were noted. X. arvicola stages (adults, eggs and
neonate larvae), before and after the application of the treat-
ments, were kept in a chamber with controlled temperature
(24 £ 1 °C), humidity (60 £ 5 %), and subjected to a pho-
toperiod of 16 h of light (luminous intensity of 1000 lux)
and 8 h of darkness.

Experiment 1 - X. arvicola eggs day
of hatching: Inordertoknow accurately the day when
most egg hatching occurs after the oviposition, in 2012
X. arvicola females were captured from three DO wine-pro-
ducing regions [(Ribera del Duero (field 1, n =57 females),
Toro (field 2, n = § females) and Tierra de Leodn (field 3,
n =22 females)]. Adult insects were paired (one female and
one male) and put into glass jars as described previously.
Oviposition substrates were reviewed daily and the eggs
were extracted into Petri dishes. The egg-laying collection
and egg hatching dates were noted. The dead eggs observed

in Petri dishes (broken, shrinking, shrivelled or dried) were
discarded for insecticide testing.

Experiment 2 - Toxicity of insecti-
cides to different X. arvicola stages:
Eggs of four different ages (1-2, 3-4, 5-6 and 7-8 day-old),
neonate larvae and adults were selected to be tested against
insecticides. For each age (of egg) and insecticide treatment,
5 replicates of 10 or 20 eggs were used. For neonate larvae
and insecticide treatment, 5 replicates of 10 larvae were used.
And finally, for adults and insecticide treatment, 4 replicates
of'4 adults were used in each one, and the adults were placed
one hour after applying insecticides on Petri dishes. Each
replication was placed in a Petri dish. In the covers, 4 holes
of 5 mm diameter (20 mm?) were made to avoid the lethal
chamber effect. Daily monitoring was carried out from the
application of every treatment, counting the inhibition in the
eggs (the eggs were shrank or decreased, suppressing the
emergence of larvae and whose metamorphosis was altered)
and the mortality in larvae and adults. For the insecticides
application, a Potter Tower (Burkard Scientific Limited, Po
Box 55 Uxbridge, Middx UB8 2RT, U.K.; PoTTER 1952) of
manual loading coupled to an air compressor was used. The
insecticide dissolution volume used in each spray was 1 mL,
being applied on Petri dishes to 40 kPa pressure.

Insecticides: Commercial formulations of the
following insecticides were tested for activity against
X arvicola eggs of different age, neonate larvae and adults:
spinosad (Spintor®480 CC, Dow Science Ibérica S.A.; 48 g
of a.i. per liter) at 25 mL-hL" and 20 mL-hL"!, Beauveria
bassiana (Bassi® WP, Masso S.A.; 22 g of 'active ingredient’
(a.i. per 100 g) at 125 g-hL"! and 62.5 g-hL"!, imidacloprid
(Confidor® 20 LS, Bayer Crop Science S.L.; 20 g of a.i. per
liter) at 100 mL-hL"'and 50 mL-hL"", chlorpyrifos (Ctspide®
48, Masso S.A.; 48 g of a.i. per liter) at 200 mL-hL"!" and
150 mL-hL"!, pyriproxyfen (ATOMINAL® 10 EC, Masso
S.A.; 10 gofa.i. per liter) at 75 mL-hL" and 50 mL-hL" and
flufenoxuron (KIMLUX®, Sapec Agro S.A.U. 10 g of a.i. per
liter) at 100 mL-hL" and 50 mL-hL-'. All the insecticides
were applied at maximum and minimum commercial dose
(Tab. 1) and diluted or suspended in distilled water, which
was used as the control treatment. All used insecticides are
active by contact and ingestion, except chlorpyrifos that in
addition is also active via inhalation (gas phase).

Data analysis: Data were subjected to variance
analysis. Mean comparisons were performed using the Tuck-
ey test to examine differences (P <0.05) among insecticides
and doses. All analyses were performed using in SAS version
9.1.2 software (SAS Institute Inc., 2004, Cary, NC, USA).

Results

Experiment 1 - X. arvicola eggs day of
hatching: The daily percentage of X. arvicola hatched
eggs after the oviposition (Fig. 1). The highest egg hatching
occurs on the eighth day (32.5 %) after the oviposition for
all tested fields. Regarding these fields, on the eighth day,
the eggs laid by females captured on field 2 had the higher
number of eggs hatched (40.1 %), being significantly differ-
ent (£, , = 3.465, P = 0.036) than the eggs laid by females

84
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Table 1

Insecticides, actives substances, doses of six insecticides in vineyard

Dose/s authorized in Spain

Insecticide Active substance ) o
Maximun Minimum
Spintor® 480 CC* Spinosad (480 g L) 0.025L-hL'  0.020 L-hL"!
Bassi® WP* Beauveria bassiana (220 g L) 125 g-hL"! 62.5 g-hL"!
Confidor® 20 LS* Imidacloprid (200 g L") 0.100 L-hL'  0.050 L-L"!
Cuspide® 48* Chlorpyrifos (480 g L") 0.200 L-hL-'  0.150 L-hL"!
KIMLUX®"® Flufenoxuron (100 g L) 0.100 L-hL-'  0.050 L-hL"!

ATOMINAL® 10 EC? Pyriproxifen (100 g L)

0.075L-hL"  0.050 L-hL"!

 Authorised doses in Spain (MAGRAMA 2012).
® Authorised doses in Spain (MAGRAMA 2015).
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Fig. 1: Percentages of hatched eggs each day after oviposition for females of X. arvicola from different fields. Upper and lower error

bars are represented (ANOVA, Tukey; P > 0.05).

from field 1 (29.6 %) and field 3 (27.8 %). The accumulated

emergence rates on the eighth day were 48.1 % (field 1),

82.8 % (field 2) and 54.0 % (field 3). On day fourteen, the

accumulated emergence rates were 71.5 % (field 1), 98.8 %

(field 2) and 75.6 % (field 3).

Experiment 2: Toxicity of insecticides
to different X. arvicola stages:

e Eggs: Chlorpyrifos had a total ovicidal control on all
X. arvicola egg ages evaluated in both doses applied,
differing significantly from the rest of insecticides on
eggs 1-2 day-old (maximum dose) and eggs 7-8 day-old
(minimum dose) (Tab. 2, lowercase letters). Chlorpy-
rifos did not show significant differences among eggs
of different ages (Fig. 2). B. bassiana (97.0 % of eggs
inhibited) show the best ovicidal control on older eggs
(7-8 day-old) at maximum dose (significantly different
from younger eggs, Fig. 2), not being significantly
different from chlorpyrifos (100 %) and pyriproxyfen
(95 %), but significantly higher than imidacloprid
(86 %), flufenoxuron (83 %), spinosad (77 %) and the
control treatment (13 %) (Tab. 2, lowercase letters).
Pyriproxifen had the best ovicidal control at maximum

dose on eggs 7-8 day-old, inhibiting a 95 % of eggs,
not being significantly different from chlorpyrifos
(100 %), but significantly higher than imidacloprid
(86 %), flufenoxuron (83 %), spinosad (77 %) and the
control treatment (13 %) (Tab. 2, lowercase letters).
Imidacloprid (92.0 % of eggs inhibited) show the best
ovicidal control at maximum dose on eggs 5-6 day-old,
only significantly different from flufenoxuron (78 %)
and the control treatment (16 %) (Tab. 2, lowercase
letters). imidacloprid showed the worst ovicidal control
over the youngest eggs (1-2 day-old), being significantly
different from the rest of egg ages (Fig. 2). Flufenox-
uron had the highest ovicidal control on eggs 3-4 and
7-8 day-old at maximum dose, inhibiting 82 % and 83 %
of eggs respectively. These values were significantly
different from the two best insecticides in the same eggs
ages evaluated (chlorpyrifos and pyriproxyfen) (Tab. 2,
lowercase letters). Spinosad was able to inhibit 82 %
of 5-6 day-old eggs, being the best ovicidal control at
maximum dose, significantly different from the best
insecticide in the same egg age evaluated [chlorpyrifos
(100 %)]. Spinosad, at maximum commercial dose, was
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Table 2

Inhibition (%) + Standard Error of X. arvicola eggs of different ages exposed during 7 days to different toxicity
insecticides at maximum and minimum commercial dose and different exposure periods

Insecticides Maximum Dose Minimum Dose
Egg Stage 1-2 days ® 3-4 days ° 5-6 days ° 7-8 days ¢ 7-8 days ¢
Chlorpyrifos 100.00 £0.00a®  100.00 = 0.00a  100.00 £ 0.00a  100.00 = 0.00aA°¢  100.00 + 0.00aA®
Pyriproxyfen 87.00 £4.35b 92.00 +2.00ab  88.00 £ 3.74bc 95.00 &+ 1.58aA 63.00 £ 4.35¢cB
B. bassiana 86.00 + 5.56b 80.00 £3.16c  86.00 £2.44bc  97.00 +2.00aA 87.00 + 5.83bA
Flufenoxuron 81.00 + 2.44bc 82.00 + 3.74c¢ 78.00 £4.89¢ 83.00 £ 4.63bcA 75.00 = 5.91bcA
Imidacloprid 77.00 + 4.84¢ 86.00 +2.44bc  92.00 + 3.74ab 86.00 = 1.87bA 79.00 £ 2.91bA
Spinosad 48.00 £ 4.06d 78.00 +£5.83¢c  82.00£2.00bc  77.00 £4.63cA 75.00 £ 3.87bcA
Control 12.00 + 2.54¢ 8.00 +£3.74d 16.00 +2.44d 13.00 £ 2.54dA 11.00 + 4.00dA
F 38.78 46.43 28.49 92.37 29.90

df (6.28) (6.28) (6.28) (6.28) (6.28)

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

87

2Data are expressed as percentage + standard error. When followed by the same lowercase letter, there are no
significant differences among insecticides for the same egg age (ANOVA, Tukey; P > 0.05).

® Initial number of X. arvicola eggs were 20 per replicate and 5 replicates were considered per treatment on eggs
1-2 days old.

¢ Initial number of X. arvicola eggs were 10 per replicate and 5 replicates were considered per treatment on eggs
3-4 and 5-6 days old.

dInitial number of X. arvicola eggs were 20 per replicate and 5 replicates were considered per treatment on eggs
7-8 days old.

¢ Data are expressed as percentage =+ standard error. When followed by the same capital letter, there are no significant
differences between insecticides at different dose in the seventh day (ANOVA, Tukey; P > 0.05).

Insecticides at maximum commercial dose against to X. arvicola eggs of different ages
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Fig. 2: X. arvicola eggs of different ages inhibited by different insecticides at maximum commercial dose in the seventh day after
treatment. Upper and lower error bars are represented. Bars with the same lowercase letter, are not significantly different among eggs
of different ages in the same insecticide (ANOVA, Tukey; P > 0.05).

trol, differing significantly from the rest of insecticides
on all egg ages evaluated in both doses applied (Tab. 2,
lowercase letters). When evaluated the applied doses for
each insecticide on eggs 7-8 day-old on the seventh day
after the treatment, only Pyriproxifen showed significant

the insecticide with the worst ovicidal control on eggs
1-2 (48 %), 3-4 (78 %) and 7-8 day-old (77 %). Also it
had the worst ovicidal control at minimum dose over
7-8 day-old eggs (75 %) (Fig. 2 and Tab. 2 lowercase
letters). The control treatment had a low ovicidal con-
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differences between maximum (95 %) and minimum
(63 %) commercial dose (Tab. 2, capital letters).

Neonate larvae (maximum commercial
dose): Chlorpyrifos had a total control of this stage
with a mortality of 100 % from the 2™ to the 7" day
and was the insecticide that had the best results, not
differing significantly from flufenoxuron and imida-
cloprid. Flufenoxuron (98 %) and imidacloprid (96 %)
had practically a total control of this stage, not differing
significantly from chlorpyrifos. Pyriproxifen had a
good larvae control capacity with 96 % mortality, being
significantly different from chlorpyrifos. B. bassiana
achieved a larvae mortality of 86 % on the 7" day and
was the insecticide with the 2™ worst result for larvae
mortality, not significantly different from spinosad (the
worst insecticide in this stage) nor with pyriproxyfen,
insecticide with larvae activity. Spinosad showed larvae
mortality of 84 % on the 7 day and was the insecticide
with the lowest larvae mortality, significantly different
from the rest of insecticides, except B. bassiana. The
control treatment on neonate larvae produced a low
larval mortality of 18 %, differing significantly from the

rest of insecticides from the first day after the application
of treatments (Fig. 3).

Neonate larvae (minimum commercial
dose): Chlorpyrifos and flufenoxuron had a total
control of this stage, both insecticides had a mortality
of 100 %, differing significantly from pyriproxyfen,
imidacloprid and B. bassiana. Pyriproxifen (92 %) and
imidaclorpid (90 %) had a good larvae control capac-
ity, being significantly different from chlorpyrifos and
flufenoxuron. B. bassiana achieved a larvae mortality
of 88 % on the 7" day and was the biological insecti-
cide with the second worst result for larvae control,
significantly different from spinosad but not differing
significantly from pyriproxyfen and imidacloprid.
Spinosad had a low larvae mortality of 62 % on the
7" day and was the biological insecticide with the worst
larvae mortality, significantly different from the rest of
insecticides. The control treatment produced a low larval
mortality of 18 %, differing significantly from the rest
of insecticides from the first day after the application of
treatments (Fig. 4). Between insecticides and commer-
cial doses applied against X. arvicola neonate larvae on
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the seventh day after treatment, there were no significant
differences between insecticides, except spinosad which
had significant differences between maximun (84 %)
and minimun (66 %) commercial dose.
Adults (maximum commercial dose):
Chlorpyrifos and the biological insecticides spinosad
and B. bassiana had a total control of this stage (mor-
tality of 100 %), but showed no significant differences
with imidacloprid which achieved a mortality 0f93.7 %
in the 7™ day of evaluation. Chlorpyrifos and spinosad
showed total control on the 3™ day of evaluation. The
low mortality rates obtained in the control treatment
(12.5 %) differed significantly from the rest of insecti-
cides evaluated also from the 1* day after the application
of treatments (Fig. 5).
Adults (minimum commercial dose):
Chlorpyrifos, spinosad and B. bassiana had a total
control of this stage (100 % mortality), but showed
no significant differences with imidacloprid which
achieved a mortality of 93.7 % on the 7" day of evalu-
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ation. Chlorpyrifos and spinosad showed a total control
on the 2" day of evaluation. The low mortality rates
obtained in the control treatment (12.5 %) difered signif-
icantly from the rest of insecticides evaluated also from
the 4" day after the application of treatments (Fig. 6).
Between insecticides and commercial doses applied
against X. arvicola adults, there were no significant
differences in the mortality accumulated in the 7" day
after treatment.

Discussion

For X. arvicola the evolution of hatching eggs is shown

after oviposition. Data obtained showed that it is from the
sixth day after the oviposition when the majority of eggs
begin to hatch, being between the 7" and the 8% day when
the greater number of egg hatching is registered. Therefore,
it is necessary to know the effects of available insecticides
on eggs at these ages to prevent their eclosion and the sub-
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Fig. 5: Mean (+ SE) X. arvicola adults mortality when treated with Chlorpyrifos (200 mL-hL""), spinosad (25 mL-hL""), imidacloprid
(100 mL-hL™"), B. bassiana (125 g-hL") and control treatment. Values accompanied by the same letter are not significantly different;
lowercase letters among insecticides for the same day, Tuckey test, P < 0.05.
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sequent penetration of larvae into the wood, where their
control will be very difficult.

Spinosad showed a low ovicidal capacity against all
eggs. Its highest inhibition (82 %) occurred when spinosad
was applied on eggs 5-6 day-old, very similar to that de-
scribed by ADAN et al. (1996) on Ceratitis capitata (Diptera:
Tephritidae) eggs (79 % of eggs inhibited). The low per-
centage of inhibition obtained by spinosad (48 %) on eggs
1-2 day-old, matches as described by BostaniaN et al.
(2010), where the application of spinosad inhibited 38.9 %
on Neoseiulus fallacis (Acari: Phytoseiidae) young eggs.
Spinosad showed better ability to control X. arvicola adults
(100 % mortality) than larvae applied on both doses (84 %
and 66 % mortality). ADAN ef al. (1996) described a larval
control of Ceratitis capitata (Diptera: Tephritidae) from
84 % when spinosad had been pulverized directly on them,
a value similar to that obtained in the trial when spinosad
was applied at maximum dose. Long exhibitions (21 d) to
spinosad against Ephestia kuehniella Zeller (Lepidoptera:
Pyralidae) larvae only achieved a mortality of 89.4 % (Po-
pIzI-METAXA and ATHANAssIOU 2013). Spinosad also had high
susceptibility against Ceratitis capitata (Diptera: Tephriti-
dae) (ADAN et al. 1996), Rhyzopertha dominica L. (Coleop-
tera: Bostrychidae) and Sitophilus oryzae (Coleoptera:
Curculionidae) adults (ATHANASSIOU ef al. 2011). While
Popizi-METaxA and AtHaNassiou (2013) evaluated the ca-
pacity of spinosad on adults of Prostephanus truncatus Horn
(Coleoptera: Bostrychidae) only achieved a mortality of
91.4 % respectively, 7 d after treatment. SAEED et al. (2011)
showed the potential of spinosad against Hypocryphalus
mangiferae Stebbing (Coleoptera: Scolytidae), one of the
most destructive beetle pests of mango trees, but only ob-
taining a mortality rate of 90 %. Results showed that spi-
nosad decreased the survival on X. arvicola eggs when their
age advanced, not achieving the desired values and always
bettered by the other insecticides evaluated. Still being
under their inhibition values, spinosad can be used to reduce
the density of eggs that complete their development and
subsequently the emergence of neonate larvae, increasing
the ability to control the pest. Spinosad is a moderately
toxic insecticide against Coleoptera larvae, and this toxic-
ity is lower than the conventional insecticides (GALVAN ef al.
2005). Spinosad is a relatively new insecticide of biological
origin as compared to traditional insecticides, controlling
some pests that have presented resistance to organophos-
phates and pyrethroids in field conditions and has shown
low toxicity for natural enemies of insect pests, so it could
be used in strategies for the integrated control of X. arvico-
la, where potential predators described by PELAEZ ef al.
(2012) or parasitoids described by GEorGIEV and KoLArROV
(1999), REAGEL et al. (2012) and VIVEs-NOGUERA (2000) can
play a significant role. The selectivity of this insecticide is
attributed to changes in nutrition, behaviour of predators
(TriLman and MULROONEY 2000, Mor1 and Goton 2001) and
parasites (WiLLIAMS ef al. 2003), its mode of action and its
bioactivation, which could provide a margin of safety for
these beneficial species or predators, improving the envi-
ronmental cost/benefit ratio.The inhibitory activity of
B. bassiana was very good, its mean inhibition rate being
above 80 %, and reaching to 97 % for eggs 7-8 day-old.

These ovicidal controls exceed those described by ReN et al.
(2009) to treat Bemisia tabaci (Gennadius) (Hemiptera:
Aleyrodidae) eggs and nymphs, which only achieved an
inhibition of 72.9 %, but lower than those obtained by
MEYERS ef al. (2013) when treating red oak borer Enapha-
lodes rufulus (Coleoptera: Cerambycidae) eggs obtaining a
total control. The larval control obtained by B. bassiana
against X. arvicola neonate larvae at both doses (86 and 88
%), can be considered high. The infected and killed larvae
turned pink, rigid to the touch, as well as Enaphalodes ru-
fulus (Coleoptera: Cerambycidae) neonate larvae described
by MEYERS et al. (2013). Mitsuaki et al. (2002) described
B. bassiana (strain F-263) for the larval control of Anoplo-
phora glabripennis (Coleoptera: Cerambycidae) with a
mortality of 50 %, MEYERS ef al. (2013) on Enaphalodes
rufulus (Coleoptera: Cerambycidae) larvae with B. bassiana
(strain GHA) which obtained a total control in 4 d after
treatment. X. arvicola neonate larvae did not die at the
moment of application, but several days later when the
hyphae of the fungus penetrated the interior of the hemocele
of'the larvae. The results obtained in both doses with B. bas-
siana against X. arvicola neonate larvae are lower than those
obtained by Jia-NinG and RonG-PiNG (2002) on Acalolepta
cervinus (Coleoptera: Cerambycidae) and Xylotrechus
quadripes (Coleoptera: Cerambycidae) neonates larvae, with
mortalities of 93 % and 98.7 % respectively during 15 d of
exposure. B. bassiana showed a more virulent and faster
pathogenic effect than Saperda populnea (Coleoptera: Cer-
ambycidae) larvae, causing mortalities of 100 % in the
4™ day (EkeN ef al. 2006). The larvae of insects, generally,
are more susceptible than adults to these types of fungi, since
they are thinner than the adult cuticle. B. bassiana showed
complete control over X. arvicola adults, but did not show
external growth of the fungus, as the adults of Enaphalodes
rufulus (Coleoptera: Cerambycidae) described by MEYERS
et al. (2013). It is not uncommon for entomopathogenic
fungi to proliferate in the hemocele of insects and not show
external growth of the fungus; not so with the contaminants
involving the insecticides, such as enteric bacterias, which
can propagate through the hemolymph of the insect causing
the death of this (SHiMazU 1994). Total control obtained on
X. arvicola adults in both doses exceeds the mortalities
obtained on Xylotrechus quadripes (Coleoptera: Ceramby-
cidae) with a mortality of 90 % (Jia-NmNG and RonG-PING
2002) and Enaphalodes rufulus (Coleoptera: Cerambycidac)
which achieved mortalities of 80 % (MEYERS ef al. 2013).
The capacity of the entomopathogenic fungi to invade ac-
tively live insects through their cuticle and proliferate inside
them, make them unique and highly effective tools for the
management of insect pests. Other trials with B. bassiana
on Coleoptera describes a reduction in the diet of Ootheca
mutabilis Shalberg (Coleoptera: Chrysomelidae) and Cylas
puncticollis Boheman (Coleoptera: Curculionidae) adults
(Exest 2001) and is attributed to the production of toxic
substances and/or mechanical breaking of the internal struc-
ture of insects by the growth of the hyphae of the fungus.
B. bassiana is considered an insurance against no object
organisms and beneficial insects such as predators, parasi-
toids and honeybees in the field (Brinkman and FULLER 1999,
CotTrELL and SHAPIRO-ILAN 2003, DUNKEL and JARONSKI
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2003) which makes it more attractive to conventional insec-
ticides (Liu and BAUER 2006). Imidacloprid had a low inhi-
bition capacity on young eggs (74 % on eggs 1-2 day-old),
but obtaining better results when the egg age advanced (86 %
on eggs 3-4 and 7-8 day-old). All of them demonstrated a
lower ovicidal control at this stage than described by Bos-
TONIAN et al. (2010) on Neoseiulus fallacis (Acari: Phyto-
seiidae) eggs where a 100 % inhibition achieved. Imidaclo-
prid applied to both doses was toxic against X. arvicola
neonate larvae (values above 90 %), as is described against
Anoplophora glabripennis Motschulsky (Coleoptera: Cer-
ambycidae) and Plectrodera scalator (F.) (Coleoptera:
Cerambycidae) larvae, achieving a mortality after 14 weeks
of 60 % and 100 %, respectively (PoLaND et al. 2006). The
Coleoptera Cerambycidae larvae require long periods
against the insecticide so they die until inserted in the wood
(PoLaND et al. 2006). Some X. arvicola neonate larvae con-
tinue to feed themselves and being exposed to the insecticide,
not dying until after 7 d. This is typical of many wood
drilling larvae, which are able to survive having had little
or no food for long periods of time (LiNSLEY 1943, SmiTH
1962, Haack and SLAnsky 1986). On adults, imidacloprid
in both doses also showed toxic effect as in other ceramby-
cidae adults, as for example Anoplophora glabripennis
(PoLanD et al. 20006) or Acalolepta vastator (Coleoptera:
Cerambycidae) (GoopwiN 2005). SAEED ef al. (2011) eval-
uated imidacloprid against Hypocryphalus mangiferae
Stebbing (Coleoptera: Scolytidae) adults, reducing the
population by 50 % more quickly, 32 h from the application
of the treatment, against to 72 h that it took to achieve sim-
ilar reduction in our essay with both doses.

Chlorpyrifos was the insecticide that had total control on
all X arvicola eggs evaluated. Much higher values described
by PLaANEs et al. (2013) on Cryptolaemus montrouzieri Mul-
sant (Coleoptera: Coccinellidae) eggs, 62.8 %. Chlorpyrifos
also exercised a total control over X. arvicola neonate larvae
in both doses, similar to Cacopsylla melanoneura Forster
(Hemiptera: Psyllidae) larvae (ANGELI ef al. 2009). While
PLANES et al. (2013) obtained worse larval control on Cryp-
tolaemus montrouzieri Mulsant (Coleoptera: Coccinellidae)
larvae, achieving a reduction of 50 % on the population after
40 d. Against X. arvicola adults in the first 24 h (mortality
of 93.7 % at both doses), exceeded the control described
by SAEED ef al. (2011) against Hypocryphalus mangiferae
Stebbing (Coleoptera: Scolytidae) with a mortality of 50 %,
and that described by PLANES et al. (2013) on Cryptolaemus
montrouzieri Mulsant (Coleoptera: Coccinellidae) with a
mortality of 71.6 %. Chlorpyrifos also had total control over
Aubeonymus adults mariaefranciscae Roudier (Coleoptera:
Curculionidae) (Marco and CASTANERA 1996). The results
showed the great capacity of chlorpyrifos for total control
of X. arvicola neonate larvae and adults when applied at
both commercial doses. Quickly achieved total mortalities
can be attributed to the mode of action and its compounds,
with nerve toxins (TomLIN 1994). The difference in toxicity
among the traditional insecticides (chlorpyrifos) and the
other insecticides evaluated in laboratory, suggest that sys-
temic insecticides (imidacloprid) or biological insecticides
(spinosad or B. bassiana), are less effective in X. arvicola
control during the first days, but reached a final value similar

to that described for organophosphates, being an alternative
insecticide for safety and environmental issues. Side effects
caused by chlorpyrifos against non-target insect populations,
are important. Although chlorpyrifos shows high levels of
efficiency in a large number of species, it is also known to
cause mortalities in beneficial populations (Corso 1988).
The substitution of chemicals such as pyrethroids and the
organophosphors may allow the protection of natural ene-
mies, such as the clerid described by PELAEZ ef al. (2012)
for X. arvicola neonate larvae and adults.

The ovicidal insecticide flufenoxuron obtained ac-
ceptable values, its inhibition varying from 78 % to 83 %,
increasing with the egg age. On eggs that were about
1-2 day-old (81 %), the value obtained was higher than
that obtained by SanTOoLAMAZZA-CARBONE and FERNANDEZ
DE ANA-MAGAN (2004) against Gonipterus scutellatus Gyl-
lenhal (Coleoptera: Curculionidae) 1-2 d-old eggs (74.5 %
eggs inhibited), but in double evaluation period (15 d). The
great susceptibility of X. arvicola neonate larvae front of
flufenoxuron, agrees with what was described by SanToLA-
MAzZA-CARBONE and FERNANDEZ DE ANA-MAGAN (2004), who
treated Gonipterus scutellatus Gyllenhal (Coleoptera: Cur-
culionidae) neonates larvae, obtained a mortality of 100 %,
from 24 h after treatment after 7 d of exposure. IGR's (Insect
Growth Regulators) are more toxic to immature insect stages
than adult stages, including many Coleoptera families (StaaL
1975, PELEG 1983, PARRELLA and MurpHY 1998). Choosing
the ideal time period to apply flufenoxuron against different
X. arvicola stages is particularly important bearing in mind
that its main activity is ovicidal and larvicidal.

Pyriproxyfen showed better ovicidal capacity than its
analogue insecticide flufenoxuron, obtaining an inhibition
of 87 % on eggs 1-2 day-old, very similar to that exposed by
ABO-ELGHAR et al. (2003) to treat Callosobruchus maculatus
Fabricius 1775 (Coleoptera: Bruchidae) 0-24 h old eggs
on bean seeds, with an inhibition of 91.9 %. pyriproxyfen
could be used as a highly effective product on X. arvicola
neonate larvae, obtaining a high degree of control on both
doses applied, similar to that described by PLANES et al.
(2013) on Cryptolaemus montrouzieri Mulsant (Coleop-
tera: Coccinellidae), in which a larval mortality of 89.9 %.
ABO-ELGHAR et al. (2003) evaluated the residual activity of
pyriproxyfen by processing bean seeds which fed adults
of Callosobruchus maculatus Fabricius 1775 (Coleoptera:
Bruchidae), which observed their residual activity on their
different biological parameters. Its rate of oviposition was
reduced and later a total suppression of the emergence of
adults (100 % larval mortality). Pyriproxifen is an insecticide
that has good activity on many families of insect at immature
stages, allowing it to be used as an effective tool against
the immature X. arvicola stages, due to the low toxicity to
mammals and high specificity.

The low larvae mortality obtained with distilled water
was not produced by the application of distilled water, but
that it is produced by the starvation of larvae (larvae can
not feed). Concerning adults, the mortality was also low,
and these deaths were due to lack of food or senescence of
adults introduced to the test.

In conclusion, most of the hatching occurs eight days
after oviposition by X. arvicola females. Chlorpyrifos shows
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a quick and total control of X. arvicola eggs of different age,
neonate larvae and adults in both doses applied (however it
would only be recomended at minimum commercial dose in
vineyards with very high rates of infestation) but its effec-
tiveness collides with the serious effects on other non-target
species and its use may be prohibited in the near future in
many countries. Biological insecticides such as B. bassiana
and spinosad should be preferably used in the field; these
biological insecticides show a total control on adults and
good rates of mortality of neonate larvae and eggs. The
mode of action of B. bassiana and spinosad could provide
a margin of safety for beneficial species in field, limiting
the environmental impact.

Acknowledgements

The study was carried out thanks to the Project (Xvlotrechus
arvicola, técnicas de seguimiento y control en el cultivo de la vid;
VA/090137/S21) financed by the Rural Development Programme
in Castilla y Ledn - co-financed by the European Agricultural Fund
for Rural Development (FEADER). I would also like to thank to
the Crop Protection Unit of the School of Agricultural Engineering
of'the Polytechnic University of Madrid, especially to P. DEL EsTaL
and P. MEDINA, and the Department of Engineering and Agricul-
tural Sciences of the Higher School and Technical Agricultural
Engineering and the Institute of Environment, Natural Resources
and Biodiversity of the University of Leon.

References

ABo-ELGHAR, G. E.; EL-SHEIkH, A. E.; EL-SavED, F.; EL-MAGHRABY,
H. M.; EL-ZuN, H. M.; 2003: Persistance and residual activity of
an organophosphate, pirimiphos-methyl, and three IGRs, hexaflu-
muron, teflubenzuron and pyriproxyfen, against the cowpea weevil,
Callosobruchus maculatus (Coleoptera: Bruchidae). Pest Manag.
Sci. 60, 95-102.

ADAN, A.; DEL EsTAL, P.; Bubia, F.; GONzZALEZ, M.; VINUELA, E.; 1996: Lab-
oratory evaluation of the novel naturally derived compound spinosad
against Ceratitis capitata. Pestic. Sci. 48, 261-268.

ANGELI, G.; BALDESSARI, M.; TRONA, F.; Loriati, C.; 2009: Effectiveness
of five insecticides for the control of adults and young stages of Ca-
copsylla melanoneura (Forster) (Hemiptera: Psyllidae) in a semi-field
trial. Pest Manag. Sci. 66, 308-312.

ArtHANASSIOU, C. G.; ARTHUR, F. H.; KavaLLiErATOS, N. G.; THRONE, J. E.;
2011: Efficacy of spinosad and methoprene, applied alone or in combi-
nation, against six stored-product insect species. J. Pest. Sci. 84, 61-67.

BiurrUN, R.; YANGUAS, R.; Garnica, 1.; Benito, A.; 2007: El taladro del
endrino. Navarra agraria 164, 47-51.

Bostanian, N. J.; Harbpman, J. M.; THisTLEWooD, H. A.; RACETTE, G.;
2010: Effects of six selected orchard insecticides on Neoseiulus
fallacis (Acari: Phytoseiidae) in the laboratory. Pest Manag. Sci.
66, 1263-1267.

BrinkMmAN, M. A.; FULLER, B. W.; 1999: Influence of Beauveria bassiana
strain GHA on nontarget rangeland arthropod populations. Environ.
Entomol. 28, 863-867.

Corso, I. C.; 1988: Effect of chemical insecticides on natural enemies of
insect pests of soyabean. Documentos, Centro Nacional de Pesquisa
de Soja, EMBRAPA 36, 46-48.

CotTrELL, T. E.; SHAPIRO-LIAN, D. 1.; 2003: Susceptibility of a native and an
exotic lady beetle (Coleoptera: Coccinellidae) to Beauveria bassiana.
J. Invertebr. Pathol. 84, 137-144.

DunkEL, F. V.; Jaronsk, S. T.; 2003: Development of a bioassay system for
the predator, Xylocoris flavipes (Heteroptera: Anthocoridae), and its

use in subchronic toxicity/pathogenicity studies of Beauveria bassiana
strain GHA. J. Econ. Entomol. 96, 1045-1053.

EkeN, C.; TozLu, G.; DaNE, E; Orun, C. S.; DeEmIrcr, E.; 2006: Pathogenicity
of Beauveria bassiana (Deuteromycotina: Hypomycetes) to larvae
of the small poplar longhorn beetle, Saperda populnea (Coleoptera:
Cerambycidae). Mycopathologia 162, 69-71.

Ekes, S.; 2001: Pathogenicity and antifeedant activity of entomopathogenic
hyphomycetes to the cowpea leaf beetle, Ootheca mutabilis Shalberg.
Insect Sci. Applic. 21, 55-66.

Gawvan, T. L.; Kocn, R. L.; Hutcnmson, W. D.; 2005: Toxicity of common-
ly used insecticides in sweet corn and soybean to the multicolored
Asian lady beetle (Coleoptera: Coccinellidae). J. Econ. Entomol.
98, 780-789.

Garcia-Ruiz, E.; MArco, V.; PEREZ-MORENO, 1.; 2007: Xvlotrechus arvicola:
Posibilidades de control biologico. Terralia 61, 38-44.

Garcia-Ruiz, E.; 2009: Contribucion al Manejo de Plagas en vid: Xylotre-
chus arvicola'y Lobesia botrana Denis & Schiftermiiller (Lepidoptera:
Tortricidae). Tesis Doctoral. Universidad de La Rioja.

Garcia-Ruiz, E.; Marco, V.; PEREZ-MORENO, 1.; 2012: Laboratory rearing
and life history of an emerging grape pest, Xylotrechus arvicola
(Coleoptera: Cerambycidae). Bull. Entomol. Res. 102, 89-96.

GARCcia, A.; SANCHEZ, R.; 2002: Deteccion de Beauveria bassaiana en Xylo-
trechus arvicola Ol. Perspectivas sobre su utilidad. Phytoma-Espafia,
144, 180-183.

GEORGIEV, G.; KoraLov, J.; 1999: New Ichneumonidae (Hymenoptera)
parasitoids of forest insect pests in Bulgaria. J. Pest. Sci. 72, 57-61.

Goobwin, S.; 2005: Chemical control of fig longicorn, Acalolepta vastator
(Newman) (Coleoptera: Cerambycidae), infesting grapevines. Aust.
J. Entomol. 44, 71-76.

Haack, R. A.; SLANsKY JR., F.; 1986: Nutritional ecology of wood-feeding
Coleoptera, Lepidoptera, and Hymenoptera, 449-486. In: F. SLANSKY
Jr., J. G. RopriGuez (Eds): Nutritional ecology of insects, mites,
spiders and related invertebrates. Wiley, New York.

HusBErG, G. B.; HokkaNen, H. M. T.; 2001: Effects of Metarhizium an-
isopliae on the pollen beetle Meligethes aeneus and its parasitoids
Phradis morionellus and Diospilus capito. BioControl 46, 261-273.

Jia-NING, W.; Rong-PiNG, K.; 2002: Biological control of coffee stem bor-
ers, Xylotrechus quadripes and Acalolepla cervinus, by Beauveria
bassiana preparation. Entomol. Sin. 9, 43-50.

Linstey, E. G.; 1943: Delayed emergence of Buprestis aurulenta from
structural timbers. J. Econ. Entomol. 36, 348-348.

MacHaDo, L. A.; RaGa, A.; 1999: Efficacy of chemical and biological
insecticides against the citrus trunk borer Macropophora accentifer.
Rev. Agric. Piracicaba 74, 229-234.

Marco, V.; CASTANERA, P.; 1996: Eficacia de aplicaciones foliares de
insecticidas, con Torre de Potter, sobre adultos de Aubeonymus
mariaefranciscae Roudier (Coledptera, Curculionidae). Bol. San.
Veg. Plagas 22, 659-666.

MEDINA, P.; MoRALES, J. J.; Bupia, F.; ApAN, A.; DEL EstaL, P.; VINUE-
LA, E.; 2007: Compatibility of endoparasitoid Hyposoter didymator
(Hymenoptera: Ichneumonidae) protected stages with five selected
insecticides. J. Econ. Entomol. 100, 1789-1796.

MEYERS, J. M.; STePHEN, F. M.; Haavik, L. J.; STEINKRAUS, D. C.; 2013:
Laboratory and field bioassays on the effects of Beauveria bassiana
Vuillemin (Hypocreales: Cordycipitaceae) on red oak borer Enapha-
lodes rufulus (Haldeman) (Coleoptera: Cerambycidae) Biol. Control
65, 258-264.

MINISTERIO DE AGRICULTURA, ALIMENTACION Y MEDIO AMBIENTE (MAGRA-
MA); 2012: Registro de Productos Fitosanitarios. Madrid.

MINISTERIO DE AGRICULTURA, ALIMENTACION Y MEDIO AMBIENTE (MAGRA-
MA); 2015: Registro de Productos Fitosanitarios. Madrid.

MiTsUAKI, S.; Bo, Z.; YI-NING, L.; 2002: Fungal Pathogens of Anoplophora
glabripennis (Coleoptera: Cerambycidae) and their virulences. Bull.
FFPPRI 1, 123-130.

Mokns, J.; Tirry, L.; DE CLERCQ, P.; 2012: Susceptibility of cocooned
pupae and adults of the parasitoid Microplitis mediator to selected
insecticides. Phytoparasitica 40, 5-9.

MoreNo, C. M.; MartiN, M. C.; SaNTIAGO, Y.; DE EvaNn, E.; HERNANDEZ,
J. M.; PELAEZ, H.; 2004: Presencia de Xvlotrechus arvicola (Olivier,
1795) (Coleoptera: Cerambycidae) en vifiedos de la zona centro de
Castilla y Leon. Bol. San. Veg. Plagas. 30, 475-486.



Xylotrechus arvicola, a pest in Iberian grapevines 93

MoreNo, C. M.; 2005: Xylotrechus arvicola (Olivier 1795) (Coledptera:
Cerambycidae): Descripcion Morfologica, Ciclo Biologico, Incidencia
y Dafios en el Cultivo de la Vid. Tesis Doctoral. Publicaciones del
Instituto Tecnologico Agrario de Castilla y Leon, Valladolid, Espafia.

Mori, K.; Goton, T.; 2001: Effects of pesticides on the spider mite preda-
tors, Scolothrips takahashii (Thysanoptera: Thripidae) and Stethorus

Japonicus (Coleoptera: Coccinellidae). Int. J. Acarol. 27, 299-302.

OckTE, R.; DEL Tio, R.; 1996: Presencia del perforador Xylotrechus arvicola
(Olivier) (Coleoptera: Cerambycidae) en vifiedos de la Rioja Alta.
Bol. San. Veg. Plagas. 22, 199-202.

OCETE, R.; LoPEZ, M. A.; 1999: Principales insectos xilofagos de los vifiedos
de la Rioja Alta y Alavesa. Vit. Enol. Prof. 62, 24-30.

OcCETE, R.; LorEz-MARTINEZ, M. A.; PrENDES, C.; LoreEnzo, C. D.;
GONZALEZ-ANDUJAR, J. L.; 2002: Relacion entre la infestacion de Xylo-
trechus arvicola (Coleoptera: Cerambycidae) (Olivier) y la presencia
de hongos patdgenos en un vifiedo de la Denominacion de Origen "La
Mancha". Bol. Sanidad Vege. Plagas 28, 97-102.

OcETE, R.; LOPEZ-MARTINEZ, M. A.; GALLARDO, A.; PEREZ, M. A.; RUBIO,
1.; 2004: Efecto de la infestacion de Xylotrechus arvicola (Olivier)
(Coleoptera: Cerambycidae) sobre la floracion de la variedad Tempra-
nillo en La Rioja. Bol. Sanidad Vege. Plagas 30, 311-316.

PARreLLA, M. P.; Mureny, B. C.; 1998: Insect growth regulators. Grow-
er-Talks 62, 86-89.

PELAEZ, H.; MARARNA, J. R.; URBEZ, J. R.; BARRIGON, J. M.; 2001: Xylotre-
chus arvicola (Olivier, 1795) (Coleoptera: Cerambycidae). Presencia
en los vifiedos de Castilla y Leon. IV Congreso Ibérico de Ciencias
Horticolas, Caceres. Actas Hortic. 30, 1326-1332.

PELAEZ, H.; MORENO, C.; SANTIAGO, Y.; MARANAR, R.; URBEZ, J. R.; LAM-
BERT, S. M.; Maria, C. M.; Evan, E.; BARRIGON, J.; PraDA, P. V,;
2006: Xylotrechus arvicola: Un cerambicido en el cultivo de la vid.
Terralia 55, 50-60.

PeLAEZ, H.; SANCHEZ, E.; Ruiz, P.; RODRIGUEZ, A.; MAYO, S.; GONZALEZ, O.;
DE PepRrO, H.; RiviLLa, E.; CasQuero.; P. A.; 2012: Cléridos depre-
dadores en el cultivo de la vid en la region del Duero, 181. Libro de
Actas del XV Congreso Ibérico de Entomologia.

PELEG, B. A.; 1983: Effect of three insect growth regulators on larval de-
velopment, fecundity and egg viability of the coccinellid, Chilocorus
bipustulatus (Col., Coccinellidae). Entomophaga 28, 117-121.

PEREZ-OTERO, R.; MANSILLA-VASQUEZ, P.; RODRIGUEZ-IGLESIAS, J.; 2003:
Eficacia y efectos en laboratorio de diferentes insecticidas en el control
del defoliador del eucalipto Gonipterus scutellatus y de su parasitoide
Anaphes nitens. Bol. Sanidad Vege. Plagas 29, 649-658.

PraNES, L.; CATALAN, J.; TENA, A.; PORCUNA, J. L.; Jacas, J. A.; [zQUIERDO,
J.; URBANEJA, A.; 2013: Lethal and sublethal effects of spirotetramat
on the mealybug destroyer, Cryptolaemus montrouzieri. J. Pest Sci.
86, 321-327.

Poranp, T. M.; Haack, R. A.; PETRICE, T. R.; MILLER, D. L.; BAUER, L. S.;
2006: Laboratory evaluation of the toxicity of systemic insecticides
for control of Anoplophora glabripennis and Plectrodera scalator
(Coleoptera: Cerambycidae). J. Econ. Entomol. 99, 85-93.

PotTER, C.; 1952: An improved laboratory apparatus for applying direct
sprays and surface films with data on the electrostatic charge on
atomized spray fluids. Ann. Appl. Biol. 1, 1-29.

PozipI-METAXA, E.; AtHANASSIOU, C. G.; 2013: Comparison of spinosad
with three traditional grain protectants against Prostephanus truncatus
Horn and Ephestia kuehniella Zeller at different temperatures. J. Pest
Sci. 86, 203-210.

REAGEL, P. F.; SmitH, M. T.; Hanks, L. M.; 2012: Effects of larval host
diameter on body size, adult density, and parasitism of cerambycid
beetles. Can. Entomol. 144, 435-438.

REN, S.; Istam, M. T.; CastLE, S. J.; 2009: Compatibility of the insect
pathogenic fungus Beauveria bassiana with neem against sweetpotato
whitefly, Bemisia tabaci, on eggplant. Entomol. Exp. Appl. 134, 28-34.

Rira, R.; LaraL, P.; RobriGuez, S.; 2008: Manejo Integrado de Plagas
(MIP). Capitulo 2, 41.

RoDpRriGUEZ, A; MAYoO, S.; GoNzALEZ, O.; DA Siwva, P. H.; PELAEZ, H.; Ruiz,
P.; DE Pepro, H.; RiviLLa, E.; SANcHEZ, E.; GoNZALEZ-NUNEZ, M.;
CasQUERO, P. A.; 2014: Efecto toxico y residual de insecticidas sobre
huevos de Xylotrechus arvicola (Coleoptera: Cerambycidae), simu-
lando las condiciones del cultivo de la vid en el campo, 105. Libro
de Actas del XVI Congreso Ibérico de Entomologia.

RoDRIGUEZ, M.; OcaNa, P. J.; 1997: Presencia del perforador Xylotrechus
arvicola (Olivier) en vifas de la provincia de Ciudad Real. 1996.
Comunicaciones XXII Reunion del Grupo de Trabajo de los problemas
Fitosanitarios de la Vid. Ciudad Real. Spain.

RoDRiGUEZ-GONZALEZ, A.; 2014: Mejora en las estrategias de control de Cer-
ambicidos en el cultivo de la vid. Tesis Doctoral. Universidad de Leon.

RopriGUEZ-GONZALEZ, A.; PELAEZ, H. J.; GoNzALEZ-LOPEZ, O.; MAvo, S.;
CASQUERO, P. A.; 2016a: Reproductive patterns of Xylotrechus arvicola
(Coleoptera: Cerambycidae), an emerging pest of grape-vines, under
laboratory conditions. J. Econ. Entomol. (in press).

RopRriGUEZ-GONZALEZ, A.; PELAEZ, H. J.; MaAvo, S.; GoNzALEZ-LOPEZ, O.;
CASQUERO, P. A.; 2016b: Biometric traits of Xylotrechus arvicola adults
from laboratory and grape field. Vitis 55, 73-78.

SAEED, S.; Masoop, A.; SayYep, A. H.; Kwon, Y. J.; 2011: Comparative
efficacy of different pesticides against mango bark beetle Hypocry-
phalus mangiferae Stebbing (Coleoptera: Scolytidae) Entomol. Res.
41, 142-150.

SANTOLAMAZZA-CARBONE, S.; FERNANDEZ DE ANA-MAGAN, F. J.; 2004: Testing
of selected insecticides to assess the viability of the integrated pest
management of the Eucalyptus snout-beetle Gonipterus scutellatus
in north-west Spain. J. Appl. Entomol. 128, 620-627.

SuMazu, M.; 1994: Potential of the cerambycid-parasitic type of Beauveria
brongniartii (Deuteromycotina: Hyphomycetes) for microbial control
of Monochamus alternatus Hope (Coleoptera: Cerambycidae). Appl.
Entomol. Zool. 29, 127-130.

SmitH, D. N.; 1962: Prolonged larval development in Buprestis aurulenta
L. (Coleoptera: Buprestidae). A review with new cases. Canad. En-
tomol. 94, 586-593.

Soria, F. J.; LorEz, M. A.; PEEz, M. A.; MAISTRELLO, L.; ARMENDARIZ, L.;
OCETE, R.; 2013: Predictive model for the emergence of Xylotrechus
arvicola (Coleoptera: Cerambycidae) in La Rioja vineyards (Spain).
Vitis 52, 91-96.

StaaL, G. B.; 1975: Insect growth regulators with juvenile hormone activity.
Annu. Rev. Entomol. 20, 417-460.

TiLLmaN, P. G.; MuLrooney, J. E.; 2000: Effect of selected insecticides
on the natural enemies Coleomegilla maculata and Hippodamia
convergens (Coleoptera: Coccinellidae), Geocoris punctipes (He-
miptera: Lygaeidae), and Bracon mellitor, Cardiochiles nigriceps,
and Cotesia marginiventris (Hymenoptera: Braconidae) in cotton. J.
Econ. Entomol. 93, 638-1643.

TomLiN, C.; 1994: The Pesticide Manual. 10" ed. Crop Protection Publi-
cations, Farnham.

Vives-NoGUERA, E.; 2000: Coleoptera, Cerambycidae. In: M. A. Ramos
et al. (Eds): Fauna Ibérica, vol. 12. Museo Nacional de Ciencias
Naturales. CSIC, Madrid, Espaiia.

WangG, C.; SINGH, N.; ZHa, C.; CooPEr, R.; 2016: Efficacy of selected
Insecticide sprays and aerosols against the common bed bug, Cimex
lectularius (Hemiptera: Cimicidae). Insects 7, 5.

WiLLiams, T.; VALLE, J.; VINNUELA, E.; 2003 : Is the naturally derived insec-
ticide spinosad compatible with insect natural enemies? Biocontrol
Sci. Tech. 13, 459-475.

Received July 1, 2015






