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Abstract: Due to the length of egg-laying period (> 80 days), two applications of insecticides against cabbage stem
weevil (Ceutorhynchus pallidactylus Marsh.) are currently needed. However, resistance of pollen beetle (Brassicogethes
aeneus F.) to pyrethroids complicates the choice of suitable insecticide for the second application. The active ingredi-
ents cypermethrin, etofenprox, pymetrozine, indoxacarb and chlorpyrifos-ethyl applied as second spring applications
to winter oilseed rape crops were assessed under field conditions from 2016 to 2018 to ascertain how they could reinfor-
ce the effects of the first spring application (beta-cyfluthrin) on cabbage stem weevil. Chlorpyrifos-ethyl and etofenprox
strengthened the effects of the first spring spray on cabbage stem weevil markedly more than cypermethrin. Pymetro-
zine and indoxacarb, effective on resistant populations of pollen beetles, showed the lowest contribution to increase
the effects. Indoxacarb showed a low effect on C. pallidactylus in laboratory tests too. The impacts of the bans on active
ingredients chlorpyrifos-ethyl and pymetrozine are discussed.

Keywords: integrated pest management; flight activity monitoring; resistance to insecticides; pyrethroids; organophos-
phates; indoxacarb; pymetrozine

In Central Europe, the univoltine stem weevils
Ceutorhynchus napi Gyll. (rape stem weevil) and

ter in cocoons in the soil around plants, where they
complete their development (Dechert & Ulber 2004;

Ceutorhynchus pallidactylus Marsh. (cabbage stem
weevil) (Coleoptera: Curculionidae) are two of the
most damaging pests of winter oilseed rape, and
both can cause significant yield losses (Kelm & Klu-
kowski 2000; Klukowski 2006). They are often mon-
itored as a complex of pests, although their biologi-
cal characteristics are different and require different
approaches for control. Adults of C. napi overwin-

Juran et al. 2011). They emerge from the follow-
ing early spring and migrate to oilseed rape fields.
On winter oilseed rape crops, weevils can appear
very early, in February and March. Females usually
start laying their eggs on growing stems in March/
April (Dechert & Ulber 2004), exceptionally in Feb-
ruary too (Central Institute for Supervising and
Testing in Agriculture, UKZUZ 2021).
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Adults of C. pallidactylus emerge from the soil
gradually as the oilseed rape ripens and overwinter
in shallow layers of soil or under leaves and other
plant remains at places which surround fields and
pastures (field banks, margins of field tracks, wood
margins). Oviposition begins later than at C. napi
and most females usually lay their eggs during April
and often in May and June (Biichs 1998; Dechert &
Ulber 2004; Juran et al. 2011). The reason for the
delayed start of oviposition of C. pallidactylus (in
comparison to C. napi) is the difference in pro-
gress of the male and female’s migrations to crops
from hibernating sites. The proportion of females
was found to increase gradually in yellow wa-
ter traps during the monitoring of flight activity
in winter oilseed rape, so the ratio of males to fe-
males present in crops equals out substantially lat-
er in C. pallidactylus populations than in the case
of C. napi. This results in a delayed start of mating,
oviposition period and a shift of its peak to later
dates (later growth stages of the crop) for C. pal-
lidactylus (Biichs 1998).

In general, the larvae of both stem mining weevils
damage plants in terms of their stability, nutrient
supply and forming of pods (Biichs 1998; Dechert
& Ulber 2004; Juran et al. 2011). Damage to stems
induced by C. pallidactylus larvae also facilitates
infestation by the fungal diseases, Leptosphaeria
maculans Ces. & De Not. (Phoma lingam), L. biglo-
bosa and Botrytis cinerea (Broschewitz et al. 1993;
SediV}'f & Kocourek 1994; Krause et al. 2006; Je-
dryczka et al. 2010). The egg deposition of C. napi
females results (in some cases and seasons — not
regularly) in twisting and splitting stem tissues, fol-
lowed by distortion and disruption of growth (Ju-
ran et al. 2011). Both species can cause significant
yield losses (Klukowski 2006; Juran et al. 2011).

In the Czech Republic a threshold of > 9 adult in-
dividuals of C. napi and C. pallidactylus per yellow
trap within three days is used as a common stand-
ard (Talich et al. 2013; Seidenglanz et al. 2018).
However, the recommended control threshold
for both species varies among European regions
from four to 30 adult weevils per yellow water trap
within three consecutive days (Juran et al. 2011;
Eickermann et al. 2015). In Germany, the threshold
is five C. napi and 15 C. pallidactylus per yellow
water trap (with grid) within three days, in Austria
and Luxembourg that is 10 adults per trap in three
days (Alford 2008; Eickermann et al. 2020), in Cro-
atia according to Juran et al. (2020) it is 10 adults
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for C. napi and 20 adults for C. pallidactylus,
and in Slovakia (Central Institute for Supervis-
ing and Testing in Agriculture, UKSUP 2021) it is
4—6 adults per trap in three days for both species.

In central Europe farmers regularly apply three
consecutive insecticidal sprays into oilseed rape
every spring: the first one against stem weevils
in March/April, and the second one primarily
against pollen beetles (Brassicogethes aeneus F.)
during the second half of April or at the begin-
ning of May. The third insecticide is usually applied
at the second half of the flowering stage (second
half of May — beginning of June in the Czech Re-
public) targeted especially at pod midge (Dasineu-
ra brassicae Winnertz, 1853).

This paper is based on a hypothesis that the sec-
ond spring application of insecticides primarily
targeted to pollen beetle can substantially influence
the final level of damage caused by C. pallidactylus
and C. napi larvae in seasons where females of the
weevils show a prolonged egg-laying period. It con-
centrates on the question of whether the insecti-
cides suitable for application against pollen beetle
(usually applied as a second spring spray in central
Europe), i.e. insecticides presently (indoxacarb) or
not long ago (pymetrozine, organophosphates) rec-
ommended for an anti-resistance strategy (Brandes
et al. 2018), are more or less helpful in reducing the
damage induced by stem weevil larvae, than the in-
secticides whose usage against pollen beetle is not
more recommended due to the phenomenon of re-
sistance (pyrethroids).

The main objectives were: (1) to identify if
the second spring application regularly targeted
at pollen beetles is also important for decreasing
the damage caused by C. pallidactylus and C. napi
larvae; (2) to determine if insecticides commonly
applied as a second spring spray to winter oilseed
rape differ substantially in contribution to cabbage
stem weevil (and rape stem weevil) control; (3)
to find out how the fact of pollen beetle’s resist-
ance to pyrethroids, which is widely spread in Eu-
rope (Zimmer & Nauen 2011; Heimbach & Miiller
2013), and variability in susceptibility of C. palli-
dactylus (C. napi) to different types of insecticides
complicate the choice of a suitable insecticide
for the second spring application; (4) to analyse
how the ban on organophosphates and pymetro-
zine affects the possibility of controlling cabbage
stem (rape) weevil and pollen beetle in oilseed
rape crops.
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MATERIAL AND METHODS

Small plot trials. Small plot (25 m? per plot) trials
containing 12 treatments in four repetitions were
established in 2016, 2017, and 2018 (Table 1). In all
three years, the trials were managed at fields not
too distant from one another (max. 2 km) located
nearby the town of Sumperk (north-eastern part
of the Czech Republic, 49°58'02.4"N 16°58'40.0"E).
The winter oilseed rape variety Orava was used.
Three yellow water traps were distributed through
the untreated crop immediately adjacent to the tri-
al every year (untreated crop area: 80 m x 80 m).
The traps were placed on the crop in about mid-
February (February 9, 2016; February 16, 2017; Feb-
ruary 19, 2018) and emptied twice a week (3—4 days
long periods between the assessments were kept)
until the end of June. In all three years air tempera-
tures (daily means, maximums, minimums in 2 m
above ground), soil temperatures (daily means
in 5 cm underground), and precipitation (daily
sums) were measured with an automatic meteoro-
logical station. The meteorological station used is
part of the Czech Hydrometeorological Institute
station network (https://www.chmi.cz/files/portal/
docs/poboc/OS/stanice/ShowStations_CZ.html)
and it is located at Agritec Ltd, Sumperk, north-
eastern part of the Czech Republic (49°5826.4"N
16°58'02.7"E). The distance between the localities
where the field trials were founded, and the me-
teorological station position was no bigger than
2 km in any of the three years. All the stem wee-
vil individuals caught in the traps were transferred
to the laboratory. For each of the sampling dates,
the number of adults of C. pallidactylus and C. napi
(males and females counted separately for both
species) was counted and expressed as a number
per trap and three-day period. This data was used
to record the total length of flight activity separately
for C. pallidactylus and C. napi. That is the period
between the date of the first record and the date
of the last record of C. pallidactylus/C. napi adults
in traps. Furthermore, for each of the sampling
dates, the number of females (for both species sepa-
rately again) with ripe eggs in ovaries (dissection
and assessment of ovaries carried out in accord-
ance with Biichs 1998 and Seidenglanz et al. 2009)
was stated and expressed as a number per trap and
three days. The female with ripe eggs in ovaries = fe-
male able to lay eggs. Based on this data, it was pos-
sible to estimate the total length of the egg-laying
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period for both C. pallidactylus and C. napi (= pe-
riod between the date of the first and the date of the
last record of a female with ripe eggs in ovaries
in traps), as the presence of such females in traps
confirms their occurrence in crop too.

The insecticides used in the trial were applied on
two different dates. The date for the first applica-
tion (tr. 1-5, 11) was decided according to the to-
tal number (= C. pallidactylus + C. napi) of adults
caught (expressed as average per one trap within
three days) and the results of dissecting female
weevils present in traps. In each of the three years
the insecticide intended for the first spraying (Bull-
dock 25 EC) was applied after > 9 adults of C. palli-
dactylus + C. napi per yellow trap within three days
were recorded (= recommended control threshold
for both species in CZ: Talich et al. 2013) and at the
same time after the date when the first females
with ripe eggs in ovaries were caught in the yel-
low water traps. Both preconditions had to be met
for the insecticide application. Therefore, the trial
application did not need to be made immediately
after recording the threshold value (1*' precondi-
tion for spraying), but with some delay after that,
when the first females able to lay eggs were re-
corded in the yellow water traps (2"¢ precondition
for spraying), (Table 2).

Furthermore, the abundance of pollen beetles
on inflorescences was assessed. The monitoring
was used for determination of the date of the second
insecticide application. The beetles were counted
in plots sprayed on the first date (tr. 1-5 and 11)
and the monitoring started shortly after this ap-
plication every year. The second sprays (tr. 1-10),
were applied when the mean abundances of pollen
beetles in the monitoring plots reached CZ thresh-
olds [one or three adults per plant at BBCH 51-53
respectively BBCH 55-57(59), Table 2].

All trial applications were made with the usage
of a self-propelled small plot sprayer Hege (op-
eration pressure: 300 kPa, nozzle type: flat fan XR
TEEJET, nozzle spacing: 30 cm, boom length: 3 m,
application amount: 312.5 L/ha).

The levels of damage to plants caused by weevil
larvae were assessed when the crop achieved green
maturity stage (BBCH 74-76; June 14, 2016; June 9,
2017; June 11, 2018). Twenty plants from each plot
(= 80 per treatment) were randomly selected and
for each of them the total length of feeding tubes
inside the stem caused by weevil larvae was meas-
ured (= the length of injured part of the stem).
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Adult vial tests. In each of the three seasons, one
C. pallidactylus and one B. aeneus population were
tested on susceptibility to insecticides under labo-
ratory conditions. All the insect populations were
sampled from the untreated crops adjacent to the
trial every year (the same crop where the yellow wa-
ter traps were placed). Samplings of C. pallidactylus
adults were always carried out as soon as enough
adults for testing could be obtained (approximately
800 adults). This always happened approximately
at the time of maximum flight activity (Table 2).
Pollen beetles were sampled one day (2017, 2018) or
immediately (2016) before the second trial applica-
tion (April 22, 2016; May 2, 2017 and April 25, 2018;
oilseed rape growth stages described in Table 2).
For collecting pollen beetles, sweep net was used.
In the case of cabbage stem weevils, it was more
complicated and more time-consuming to gather
enough adults. A combination of techniques using
sweep net and beating tray was used. In none of the
three seasons, the numbers of C. napi adults sam-
pled from the untreated crop were sufficient, there-
fore C. napi adults were not tested.

Adult vial tests recommended by the Insecticide
Resistance Action Committee (IRAC 2021) were
used for testing both cabbage stem weevil and pol-
len beetle susceptibility against lambda-cyhalo-
thrin (IRAC test No. 011 version 3), chlorpyrifos-
ethyl (IRAC test No. 025) and indoxacarb (IRAC
test No. 027). Instead of the cypermethrin used
for second date applications in field trials (tr. 1, 6),
lambda-cyhalothrin was used as a representative
of type II pyrethroids for testing under laboratory
conditions. Susceptibilities of the pests to pym-
etrozine were not tested. No commonly accept-
able laboratory method for pymetrozine was avail-
able at the time when the trials were carried out.
Susceptibilities to etofenprox (a member of type I
pyrethroids) were not assessed either, although
an acceptable laboratory method suitable for test-
ing pyrethroids was available (IRAC test No. 011,
description is below). Frequent inconsistencies
between the results of laboratory and field trials
recorded in previous studies aimed at monitoring
pollen beetle resistance to pyrethroid etofenprox
in CZ (Rubil et al. 2018) were the reason for exclud-
ing the active ingredient from laboratory testing
for the purposes of this study.

Unlike the IRAC methodology, the number
of compared concentrations was increased in the
case of all three tested insecticides to make the cal-
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culation of lethal concentrations (LC values) more
precise. The concentrations of the three active in-
gredients tested in this study are listed in Table 3.

For every population, three replicates were used
for each tested concentration (= three testing vials).
8-12 adult pollen beetles or 6—10 adults of C. pal-
lidactylus were placed in each testing vial. The vi-
als with adults were stored in constant environ-
ment facilities at 20 = 2 °C and 16:8 h light:dark.
After 24 h, the adults were tipped out of the vials
and scored on filter discs with a diameter of 15 cm
in the case of lambda-cyhalothrin and indoxacarb
and 8 cm in the case of chlorpyrifos-ethyl.

Lambda-cyhalothrin (analytical standard; batch
number: HUD6A 3514) was obtained from Syngen-
ta Czech s.r.o. (Czech Republic), and chlorpyrifos-
ethyl (analytical standard; batch number: PE1377-
2ML) was obtained from Sigma-Aldrich (MO,
USA). In the case of indoxacarb, a commercial
liquid EC formulation containing 150 g/L of active
ingredient (Avaunt 150 EC) was used for the prepa-
ration of the solutions tested.

Statistical analysis. The primary data from small
plot trials was analysed using Statistica software,
version 12. For all sets of data, one-way ANOVA
tests were performed. The differences between
the means were evaluated using Tukey’s HSD test
(P < 0.05). For the ANOVA test, the homogeneity
of variance was previously checked using Bartlett
tests (P < 0.05).

Table 3. Concentrations (g a.i./ha) of the three insecticide
active ingredients tested in laboratory tests (2016—-2018)

Adult vial tests
Indoxacarb  chlorpyrifos-ethyl lambda-cyhalothrin
0 0 0
0.04 0.092 0.06
0.08 0.290 0.30
0.14 0.920 1.50
0.2 2.900 7.5%
0.94 9.400 37.50
3.19 30.000 112.50
6.38 96.000 -
9.05 307.2%* -
25.5% - -

*Recommended field rate in Europe; **recommended field
rate in CZ (2016-2018), recommended field rate in many
other EU countries was substantially lower for chlorpyrifos-
ethyl: 187 g a.i./ha
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In Adult vial tests, adults incapable of coordinat-
ed movement were scored as dead. Based on this
primary data the values of LCs, and LCy, were esti-
mated for each of the three active ingredients. Pro-
bit regression was used (Polo Plus version 2; LeOra
Software, CA, USA) for the calculations.

RESULTS

Field trials. Air and especially soil temperatures
started to grow above the zero values (0 °C) earlier
in 2018 than in 2016 and 2017. In 2018 the warm-
est January was recorded of the three seasons. Con-
trary to that, February and especially March (in this

https://doi.org/10.17221/153/2021-PPS

case especially soil temperatures) were markedly
colder in 2018 than in 2016 and 2017. Maximum
daily air temperatures (measured in 2 m above
ground) exceeded the value of 10 °C for the first
time earlier in 2016 — it was already at the begin-
ning of February. In the two other years it was re-
corded markedly later, in 2017 it was in the middle
of February and in 2018 the maximum air tempera-
tures attacked the value of 10 °C during the second
week in March for the first time. The 2016 season
was characteristic with the warmest February and
the 2017 season with warmest March (Figure 1).
In all three years, C. pallidactylus adults domi-
nated over C. napi adults in the yellow water traps
at the locality. C. pallidactylus abundances exceed-

Figure 1. Progress in air and soil tem-
peratures during the first three months
of seasons 2016, 2017 and 2018
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ed the CZ threshold every year, though C. napi just
exceeded the value once, in 2018. Regardless of the
differences in the progress of air and soil tempera-
tures in January and February, in each of the three
years the flight activity was recorded during March
for the first time (March 14-29) and the females
of both species were able to lay eggs from the end of
March (2017), respectively from the beginning
of April (2016, 2018). In each of the three seasons,
the females of both species began laying eggs at the
same time — the oviposition periods of C. napi did
not start earlier than those of C. pallidactylus but
in all three years the egg-laying periods of C. palli-
dactyluslasted significantly longer. In 2016 the egg-
laying period of C. pallidactylus was 26 days longer
than the oviposition period of C. napi, in 2017 and
2018 the difference was 14 and 36 days. Females
of C. pallidactylus capable of laying eggs were
still present in the traps and thus probably also
in crops until the beginning of May (2016) or even
up to May/June (2017, 2018). In the case of both
species the longest egg-laying period was the
season 2017. The 2018 season was characteristic
with the highest mean counts of C. pallidacty-
lus adults recorded in traps at the time of maxi-
mal flight activity and also the total count (total
number of adults caught per season) was the high-
est in 2018 (sums are not shown). In this season,
C. napi adults were also more numerous in traps
and so the insect pest was more dangerous in 2018
than in the two previous seasons — C. napi counts
slightly exceeded the CZ threshold value only one
time, on April 6, 2018 (Table 2).

The interannual variabilities in numbers of C. pa-
llidactylus adults caught in traps (means record-
ed at the times of maximum flight activity as well
as seasonal sums) were caused, in particular, by dif-
ferences in the counts of males: on average 35.67
malesin 2016, 45.33 malesin 2017 and 116.33 males
in 2018 recorded per trap on the date of maximum
flight activity. Interannual differences in the counts
of C. pallidactylus females did not vary so much:
on average 9-12.33 females per trap on the date
of maximum flight activity (Table 2).

Differences in the final levels of stem damage
were significant among the treatments in many
cases in each of the three years. On the dates of as-
sessment, only negligible numbers of stem wee-
vil larvae (only C. pallidactylus) were still present
in plants, most of them already left the plants to pu-
pate in the soil. Therefore, it is possible to consider
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the levels of stem damage induced by larvae re-
corded on these dates to be final. In all three years,
the contribution of the second application to in-
creasing the effectiveness of the first application
(beta-cyfluthrin) was high in cases where chlorpy-
rifos-ethyl or etofenprox were applied as the second
spray and substantially lower, but not negligible,
in the case of cypermethrin application. Contrary
to that, pymetrozine and indoxacarb applications,
which followed the first beta-cyfluthrin spray,
did not increase the effects of the first spray on
the stem weevils at all, or the benefit of the applica-
tions was markedly lower than in the cases of both
the pyrethroids (cypermethrin and etofenprox) and
organophosphate chlorpyrifos-ethyl (Table 4).

Laboratory trials. A comparison of the three-
year mean lambda-cyhalothrin LC;, values estimat-
ed both for pollen beetles (three-year mean of LCqg:
7.92 g a.i./ha) and cabbage stem weevils (three-year
mean of LCsy: 0.15 g a.i./ha) sampled at the trial
locality indicates an approximately 53-fold lower
susceptibility of pollen beetles to the active ingredi-
ent than cabbage stem weevils. LCy, values for the
active ingredient are markedly above the recom-
mended field rate (7.5 g a.i./ha) in pollen beetles.
Cabbage stem weevils showed high susceptibility
to the active ingredient in all three years at the lo-
cality (Table 5).

In the case of indoxacarb, the situation contrasts
with lambda-cyhalothrin. Pollen beetles showed
high susceptibility to indoxacarb (three-year mean
of LCsq: 0.18 g a.i./ha), whereas cabbage stem wee-
vils proved to be distinctly less susceptible to the
active ingredient (after 24 h of contact exposure;
three-year mean of LCs(: 14.88 g a.i./ha). LCy, val-
ues for the active ingredient are markedly above
the recommended field rate (25.5 g a.i./ha) in cab-
bage stem weevils (Table 5). From Figure 2, it is
clear how differently both insect species reacted
to the insecticide in the three years.

Both groups of insect pests showed high sus-
ceptibility to chlorpyrifos-ethyl. The cabbage stem
weevil population seemed to be somewhat more
susceptible to the active ingredient than the pollen
beetles at the locality. LCyq values estimated for the
active ingredient were lower than the recom-
mended field rate commonly used in Europe before
the year 2020 (187 g a.i./ha) for cabbage stem wee-
vils (three-year mean of LCyy: 4.21 g a.i./ha) as well
as pollen beetles (three-year mean of LCyy: 20.71 g
a.i./ha), (Table 5).
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C. pallidactylus + B. aeneus, INDOXACARB, 2016-18
PoloPlus 2.0 PARALLEL July 15, 2019
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Figure 2. The curves show the differences between
the growth of mortality (axis y) against the tested rate of
indoxacarb (axis x) in the three tested populations of Bras-
sicogethes aeneus (2016, 2017, 2018; the three curves
located on the left) and the three tested populations
of Ceutorhynchus pallidactylus (2016, 2017, 2018;
the three curves located on the right)

DISCUSSION

The results of the field trials show that in situa-
tions where the abundance of adults of C. pallidac-
tylus (C. napi was not so important in this study)
exceeds the common threshold value (Seidenglanz
et al. 2009; Eickermann et al. 2015, 2020) and when
the length of flight activity and oviposition period is
long at a locality, the effects of only one spray, where
no other application follows, can be unsatisfacto-
ry. The effectiveness of the first spring application
(when assessed separately), even though it was made
in time and in accordance with common recom-
mendations, exceeded a value of 50% effectiveness
(according to Abbott’s formula) only in one sea-
son. That was in 2016, the season with the shortest
C. pallidactylus egg-laying period — it lasted 40 days:
April 1-May 10, 2016 (treatment 11 represented
this option in the field trials). Such results indicate
that another spring application can be important
for reaching low levels of stem damage. Therefore,
the insecticide intended for the second application
should be effective not only on pollen beetle but also
on the stem weevils which usually still occur in crop
at that time. Despite this fact, in practice the second
spring application is perceived as a spray targeted



Original Paper

Plant Protection Science, 58, 2022 (3): 220-233

at pollen beetles only because farmers and even
advisors mostly perceive stem weevils and pollen
beetles as two temporally separate problems which
need different approaches for sufficient control
(Biichs 1998; Seidenglanz et al. 2009). In fact, the pe-
riod of pollen beetle presence in crop (at least partly)
coincides with the time when C. pallidactylus and
C. napi lay eggs in the crop (Biichs 1998; Seideng-
lanz et al. 2018). However, the need for high effec-
tiveness against both stem weevils and pollen beetle
makes the choice of suitable insecticide for the sec-
ond spring application somewhat complicated be-
cause the group of convenient and at the same time
available insecticides is limited.

Pyrethroids are not a suitable option for such ap-
plication due to the widespread resistance of pollen
beetles to them (Hansen 2003; Derron et al. 2004;
Thieme et al. 2008; Wegorek et al. 2009; Philip-
pou et al. 2011; Zimmer & Nauen 2011; Heimbach
& Miiller 2013; Brandes et al. 2018; Rubil et al. 2018).
However, as is evident from the results of this study,
the contributions of pyrethroids applied as a second
spring spray (cypermethrin, etofenprox) to increase
the effect of the first spray on stem weevils are mark-
edly higher (especially in the case of etofenprox)
than the contributions of presently recommended
alternative for pollen beetle control, insecticide in-
doxacarb. The same is true for the previously pre-
ferred alternative, pymetrozine, banned from usage
in 2020. In the case of indoxacarb, low susceptibility
of cabbage stem weevil to the insecticide was con-
firmed in laboratory tests too. Regardless of their
high effects on pollen beetle, both active ingredi-
ents proved not to be a good choice for the second
spring application. For that reason, the widespread
resistance of pollen beetles to pyrethroids is a more
serious problem than usually perceived, as it com-
plicates the possibility of controlling cabbage stem
(rape) weevils too.

Several other alternatives to pyrethroids were
suggested for use and applied against pollen bee-
tles in (winter) oilseed rape in recent years: organo-
phosphates (mainly chlorpyrifos-ethyl and chlor-
pyrifos-methyl), spinetoram and neonicotinoids
(thiacloprid, acetamiprid). All of them show dif-
ferent modes of action than pyrethroids, thus they
can easily be included in anti-resistance strategies
(Philippou et al. 2011). From the group, only chlor-
pyrifos-ethyl was tested in this study and seemed
to be the convenient choice for the second spring
application according to the recorded levels of ef-
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fectiveness. It markedly strengthened the effects
of the first spray on the stem weevils and, at the
same time, pollen beetles showed high susceptibility
to the insecticide. All European populations of pol-
len beetle have shown susceptibility to chlorpyri-
fos-ethyl (Wegorek et al. 2009; Heimbach & Miiller
2013; Seidenglanz et al. 2017). However, the insec-
ticide (and all other organophosphates) was banned
from usage in 2020. Organophosphates can prob-
ably disturb and destroy populations of natural ene-
mies of oilseed rape insect pests through their long-
term effects more than other insecticides (Jansen &
Gomez 2014). Recently a large section of growers
used various commercial formulations containing
these insecticides (chlorpyrifos-ethyl or a simi-
lar ingredient, chlorpyrifos-methyl) for the first or
the second spring applications into winter oilseed
rape crops in the Czech Republic (Seidenglanz et al.
2018). A significant number of growers also used
these insecticides repeatedly during the spring. Af-
ter the ban of the group of insecticides, high portion
of farmers expressed concerns about availability of
some other effective control options for cabbage
stem (rape) weevils and pollen beetle in crops. And
the first seasons after the ban showed that the fears
must be assessed with high seriousness (Seideng-
lanz et al. 2021a).

Neonicotinoids (acetamiprid, thiacloprid) or spi-
nosyns (spinetoram) were not included in the tri-
als, although they have been frequently mentioned
among the suitable alternatives to pyrethroids and
recommended for use in controlling pollen beetles
(Thieme et al. 2008; Zimmer & Nauen 2011; Heim-
bach & Miiller 2013; Brandes et al. 2018). It was de-
cided not to include spinosyns (spinetoram) in the
trials, because this group has not been registered
for use in oilseed rape crops in the Czech Republic
and in many other European countries at the time
the trials were managed. Regarding the neonicoti-
noids, there were two main reasons why they were
not included in the trials; the first was that they
are regularly applied against pod midges, usually
as a third spring application. After the ban of thia-
cloprid in 2020, control of pod midges in crops is
fully dependant on acetamiprid applications. Its
usage as a second spring application would pose
the risk of overuse in crops and this is not desirable
because neonicotinoids show relatively high nega-
tive effects on non-target organisms in oilseed rape
crops. Even if it relates more to the banned thia-
cloprid than acetamiprid (Jansen & Gomez 2014).
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The second reason: neonicotinoids are also threat-
ened by resistance. Significant shifts in the pol-
len beetle’s susceptibility to thiacloprid have been
reported in Europe (Kaiser et al. 2018; Rubil et al.
2018). Some studies also demonstrated low effects
of thiacloprid on stem weevils under field condi-
tions (Milovac et al. 2017). All these reasons indi-
cate the unsuitability of these insecticides (neoni-
cotinoids, now represented only with acetamiprid)
for use as a second spring spray in oilseed rape
crops. Even if they were not tested in this study.

According to the results presented by Milo-
vac et al. (2017), the first spring application tar-
geted at stem weevils may not be efficient enough
when another effective application does not fol-
low. In their study, insecticides applied according
to common recommendations (as first spring spray)
exceeded the 50% level of effectiveness (expressed
according to Abbott’s formula) on the stem weevils
only in some cases (bifenthrin, chlorpyrifos-ethyl +
cypermethrin, alpha-cypermethrin) and not in all
years. Some of the insecticides did not achieve
the level of effectiveness in any season of their
four-year study (tau-fluvalinate, thiacloprid). These
findings coincide with the present results, although
only one treatment representing the one-spray op-
tion (beta-cyfluthrin, tr. 11) was included.

Some studies (Junk et al. 2012; Eickermann et al.
2014) predict a more complicated timing of insecti-
cidal sprays against some insect pests on brassica-
ceous host plants due to the shifts in their migra-
tion linked to climate change. According to Junk
et al. (2012), for C. pallidactylus, a prolonged period
of flight activity or crop invasion can be expected
because of climate change. Eickermann et al. (2014)
predicted the same for C. napi, the periods of crop
invasion will start earlier but, in addition, the time
spans of possible crop invasion will be prolonged, po-
tentially making additional insecticide applications
necessary. If soon such predictions are confirmed,
the ban of organophosphates, the unsuitability of in-
doxacarb for second spring applications and con-
tinuing overuse of pyrethroids (regardless the fact
of pollen beetle resistance and the first records of de-
creased susceptibility in cabbage stem weevils to the
insecticides, Heimbach & Miiller 2013; Seidenglanz
et al. 2021b) will probably result in higher levels
of damage induced by the stem weevils and in a rapid
development of their resistance to pyrethroids. Ad-
ditionally, crops showing higher damage induced
by stem weevil larvae are more predisposed to fun-
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gal infections (especially L. maculans or L. biglobosa)
(Broschewitz et al. 1993; Sedivy'f & Kocourek 1994;
Krause et al. 2006; Jedryczka et al. 2010).

Problems with resistance coupled with a declin-
ing availability of new pesticide active ingredients
due to both decreasing discovery rates and tighter
legislation surrounding product approval (Jensen
2015) represent a real threat to the efficacy of pes-
ticide use and, consequently, to the productiv-
ity of pesticide-reliant agricultural systems. Hence,
in response to these issues, there is an urgent need
to develop more sustainable integrated pest man-
agement strategies for crop protection. As Skel-
lern and Cook (2018) stated, near-future research
must aim at such factors in oilseed rape growing as
crop rotation and crop design including the effect
of crop diversity, sowing dates and growth stage
profiles, plant density, weed management, usage
of growth regulators, crop nutritional status, modi-
fications in the insecticides regime and use varieties
with higher levels of tolerance to (a)biotic stresses.

In the case of stem weevils and pollen beetles, not
only new insecticides but (perhaps mainly) new ap-
proaches to their control are needed. There seems
to be no advantage in separating the control of the
insect pests. In the case of stem weevils, monitor-
ing should be aimed rather at the females only and
at the development of eggs in their ovaries to deter-
mine a precise time for spraying against them. Such
approaches should make possible the well-founded
delay of the first spray to the time when pollen bee-
tles already occur in crops — at least in some years
(Biichs 1998; Seidenglanz et al. 2009). It is possible
that the first insecticidal application is often made
too early in practice (Biichs 1998; Klukowski 2006;
Seidenglanz et al. 2018) and the importance of the
second insecticidal application is not correctly eval-
uated by many farmers and advisors because they
do not consider the real lengths of the egg-laying
period of cabbage stem weevils in many seasons.

CONCLUSION

The second spring application regularly targeted
at pollen beetles is also important for decreasing the
damage caused by C. pallidactylus (C. napi) larvae.

Insecticides commonly applied as a second spring
spray to winter oilseed rape differ substantially
in contribution to cabbage stem weevil (and rape
stem weevil) control.
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The fact of pollen beetle’s resistance to pyre-
throids and variability in susceptibility of C. pal-
lidactylus to different types of insecticides com-
plicate the choice of a suitable insecticide for the
second spring application.

Organophosphates, represented by chlorpyrifos-
ethyl in this study, proved to be an effective op-
tion when the application is intended both against
pollen beetles and stem weevils. Presently, oilseed
rape growers find themselves in complicated situa-
tion when the option is not available.

Despite the suitability of indoxacarb for the con-
trol of pollen beetles, it is less suitable for the sec-
ond spring application because it shows a low con-
tribution to increasing the effectiveness of the first
spring insecticidal application on stem weevils.

Acknowledgement: The authors thank Eoghan
O’Reilly for the revision of the manuscript.

REFERENCES

Alford D.V. (2008): Biocontrol of Oilseed Rape Pests. Oxford,
Blackwell Science.

Brandes M., Heimbach U., Ulber B. (2018): Impact of in-
secticides on oilseed rape buds infested with eggs and
larvae of pollen beetle (Brassicogethes aeneus (Fabricius)).
Arthropod-Plant Interactions, 12: 811-821.

Broschewitz B., Steinbach P., Goltermann S. (1993): Einfluss
stengelbewohnender tierischer Schaderreger auf den Befall
von Winterraps mit Phoma lingam und Botrytis cinereal.
Gesunde Pflanzen, 45: 106—110. German.

Biichs W. (1998): Strategies to control the cabbage stem
weevil (Ceutorhynchus pallidactylus [Mrsh.]) and oil seed
rape stem weevil (Ceutorhynchus napi Gyll.) by a reduced
input of insecticides. IOBC WPRC Bulletin, 21: 205-220.

Dechert G., Ulber B. (2004): Interactions between the stem-
mining weevils Ceutorhynchus napi Gyll. and Ceutorhynchus
pallidactylus (Marsh.) (Coleoptera: Curculionidae) in oil-
seed rape. Agricultural and Forest Entomology, 6: 193—198.

Derron].O., Le Clech E., Bezencon N., Go G. (2004): Résistance
des méligethes du colza auxpyréthrinoides dans les bassin
lémenique. Revue Suisse Agriculture, 36: 237-242.

Eickermann M., Beyer M., Gorgen K., Hoffmann L., Junk J.
(2014): Shifted migration of the rape stem weevil Ceu-
torhynchus napi (Coleoptera: Curculionidae) linked
to climate change. European Journal of Entomology,
111: 243-250.

Eickermann M., Junk J., Hoffmann L., Beyer M. (2015):
Forecasting the breaching of the control threshold for

232

https://doi.org/10.17221/153/2021-PPS

Ceutorhynchus pallidactylus in oilseed rape. Agricultural
and Forest Entomology, 17: 71-76.

Eickermann M., Ronellenfitsch F.K., Junk J. (2020): Devel-
oping a decision support tool to forecast the abundance
of the cabbage stem weevil in winter oilseed rape. Plant
Protection Science, 56: 285-291.

Hansen L.M. (2003): Insecticide-resistant pollen beetles
(Meligethes aeneus F) found in Danish oilseed rape (Brassica
napus L) fields. Pest Management Science, 59: 1057—-1059.

Heimbach U., Miiller A. (2013): Incidence of pyrethroid-
resistant oilseed rape pests in Germany. Pest Management
Science, 69: 209-216.

IRAC - Insecticide Resistance Action Committee (2021):
The IRAC Library of Susceptibility Test Methods. Brus-
sels, Belgium, IRAC International Network. Available at
https://irac-online.org/the-irac-library-of-susceptibility-
test-methods/ (accessed Dec 17, 2021).

Jansen J.P., Gomez G.S.M.Y. (2014): A large field trial to assess
the short-term and long-term effects of 4 insecticides used
to control the pollen beetle on parasitic hymenoptera in
oilseed rape. IOBC-WPRS Bulletin, 104: 67-74.

Jedryczka M., Plachkd E., Kaczmarek J., Poslu$nd J., Latunde-
Dada A.O., Maczynska A. (2010): Monitoring of Lepto-
sphaeria maculans and L. biglobosa ascospores around
East Sudethian mountains — A joint initiative of Poland
and the Czech Republic. Rosliny Oleiste — Oilseed Crops,
31: 49-66.

Jensen J.E. (2015): Perspectives on the implementation of IPM
in EU - the advisory perspective. In: Paper given in IPM in-
novation in Europe, January 15-17, 2015, Poznar, Poland: 9.

Junk J., Eickermann M., Gorgen K., Beyer M., Hoffmann L.
(2012): Ensemble based analysis of regional climate change
effects on the cabbage stem weevil (Ceutorhynchus palli-
dactylus (Mrsh.)) in winter oilseed rape (Brassica napus L.).
Journal of Agricultural Science, 150: 191-202.

Juran L, Culjak T.G., Grubisi¢ D. (2011): Rape stem weevil
(Ceutorhynchus napi Gyll. 1837) and cabbage stem weevil
(Ceutorhynchus pallidactylus Marsh. 1802) (Coleoptera:
Curculionidae) — Important oilseed rape pests. Agricul-
turae Conspectus Scientificus, 76: 93—100.

Juran I., Grubisi¢ D.O., Gotlin—Culjal( T.V. (2020): The pos-
sibility of mutual control of stem mining weevils and pollen
beetle in oilseed rape. Applied Ecology and Environmental
Research, 18: 5037-5047.

Kaiser C., Jensen K.M.V,, Nauen R., Kristensen M. (2018):
Susceptibility of Danish pollen beetle populations to
lambda-cyhalothrin and thiacloprid. Journal of Pest Sci-
ence, 91: 447-458.

Kelm M., Klukowski Z. (2000): The effect of stem weevil (Ceu-
torhynchus pallidactylus Marsh.) infestation on oilseed
rape yield. IOBC-WPRS Bulletin, 23: 125-130.



Original Paper

Plant Protection Science, 58, 2022 (3): 220-233

Klukowski Z. (2006): Practical aspects of migration of stem
weevils on winter oilseed rape. In: International Sympo-
sium on Integrated Pest Management in Oilseed Rape Pro-
ceedings, April 3-5, 2006, G6ttingen, Germany: 143-145.

Krause U., Koopmann B., Ulber B. (2006): Impact of rape stem
weevil, Ceutorhynchus napi, on the early stem infection
of oilseed rape by Phoma lingam. IOBC-WPRS Bulletin,
29: 323-328.

Milovac Z., Zori¢ M., Franeta F.,, Terzi¢ S., Obradovi¢ O.P,,
Jeromela A.M. (2017): Analysis of oilseed rape stem weevil
chemical control using a damage rating scale. Pest Manage-
ment Science, 73: 1962-1971.

Philippou D, Field L.M., Wegorek P., Zamojska J., Andrews
M.C,, Slater R., Moores G.D. (2011): Characterising meta-
bolic resistance in pyrethroids-insensitive pollen beetles
(Meligethes aeneus F.) from Poland and Switzerland. Pest
Management Science, 67: 239-243.

Rubil N, Seidenglanz M., Hrudov4 E., TancikJ., Rusendkovd M.
(2018): Description of the situation regarding pollen beetle
resistance to insecticides in the Czech Republic and Slo-
vakia. IOBC-WPRS Bulletin, 36: 78—88.

Sedivy J., Kocourek F. (1994): Flight activity of winter rape
pests. Journal of Applied Entomology, 117: 400—407.

Seidenglanz M., Poslu$nd J., Hrudov4 E. (2009): The impor-
tance of monitoring the Ceutorhynchus pallidactylus fe-
male flight activity for the timing of insecticidal treatment.
Plant Protection Science, 45: 103-112.

Seidenglanz M., Poslu$nd J., Rotrekl J., Kolafik P., Hrudova E.,
Té6th P, Havel J., Tancik J. (2017): Negative correlations be-
tween the susceptibilities of Czech and Slovak pollen beetle
populations to lambda-cyhalothrin and chlorpyrifos-ethyl
in 2014 and 2015. Plant Protection Science, 53: 108—117.

Seidenglanz M., SafatJ., Rubil N., Rusenakova M., Roskéova V.
(2018): Does the assessment of eggs in Ceutorhynchus pal-
lidactylus and C. napi ovaries in spring make a date for
one common spray treatment effective against the weevils
and even pollen beetles possible? IOBC-WPRS Bulletin,
136: 114-125.

Seidenglanz M., Bajerovd R., Mufoz Arbedlez M., Saféf J.
(2021a): Pro¢ jsou $kody od krytonoscti vétsi nez diive
[Why the damages induced by cabbage stem and rape
weevils increased]. Uroda, 69: 44—50. Czech.

Seidenglanz M., Muinoz Arbedlez M., Safaf J., Tancik J.,
Bokor P., Kolafik P, Hrudova E., Havel J., Kocourek F,,
Stard J., Vichové L., Bajerovd R., Téth P. (2021b): Citlivost

233

https://doi.org/10.17221/153/2021-PPS

stonkovych krytonosov a blyskacikov na insekticidy [Sus-
ceptibility of cabbage stem weevils and pollen beetles
to insecticides in Czechia and Slovakia]. Nase pole, 25:
20-22. Slovak.

Skellern M.P.,, Cook S.M. (2018): The potential of crop
management practices to reduce pollen beetle damage in
oilseed rape. Arthropod-Plant Interactions, 12: 867—-879.

Talich P, Rehak V., Kocourek F.,, Ackermann P., Baranyk P.,
Bubenik]J., Caga$B., Cech P, DédekJ., Douda O., Harata P,
Hausvater E., Havel J., Honék A., Hunady I., Chochola J.,
Jank J., Jursik M., Kasal P., Kazda J., Klaskova L., Klem K.,
Konec¢ny L., Kidela V., Machac R., Matusinsky P., Mélek B.,
Mikulka J., Nedélnik J., Ondrackova E., Ondrej M., Petru-
cha J., Plachké E., Poslu$na J., Rotrekl J., Rehdk V., Sei-
denglanz M., Spacilova V., Spitzer T., Stard J., Smabhel P,
Smirous P, Tvartizek L., Vaculik A., Veverka K., Zapletal M.
(2013): Metodickd prirucka integrované ochrany rostlin
proti chorobam, skiidctim a pleveléim. Polni plodiny. Praha,
Ceska spole¢nost rostlinolékai'ska. Czech.

Thieme T., Drbal U., Gloyna K., Hoffmann U. (2008): Different
methods of monitoring susceptibility of oilseed rape beetles
to insecticides. EPPO Bulletin, 38: 114—-117.

UKSUP - Central Control and Testing Institute in Agri-
culture. Signaliza¢né sprdvy pre polné plodiny. Slovakia,
Bratislava, UKSUP. Available at https://www.uksup.sk/
signalizacne-spravy-pre-polne-plodiny (accessed Dec 12,
2021). Slovak.

UKZUZ - Central Institute for Supervising and Testing in
Agriculture. Krytonosec tepkovy (Ceutorhynchus napi).
Czech Republic. Available at https://eagri.cz/public/app/
srs_pub/fytoportal/public/?key=%22f50546d2ac767cccoca
48bbclalc86de%22#rlp|so|skudci|detail:c18ccd9cbe2ba38
1e37b810d0c6c5183|popis (accessed Dec 16, 2021). Czech.

Wegorek P., Mréwczynski M., Zamojska J. (2009): Resistance
of pollen beetle (Meligethes aeneus F.) to selected active
substances of insecticides in Poland. Journal of Plant Pro-
tection Research, 49: 119-127.

Zimmer C.T., Nauen R. (2011): Pyrethroid resistance and
thiacloprid baseline susceptibility of European popula-
tions of Meligethes aeneus (Coleoptera: Nitidulidae) col-
lected in winter oilseed rape. Pest Management Science,
67: 599-608.

Received: November 4, 2021
Accepted: March 7, 2022
Published online: May 10, 2022



	_Hlk522381835
	_Hlk16947367
	_Hlk16952562
	_Hlk16949840
	_Hlk100751967

