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Abstract
To prevent damage by pollen beetles (Brassicogethes aeneus (Fabricius), syn. Meligethes aeneus (Fabricius)), frequent 
insecticide applications are often necessary. It would be an advantage if treatments for pollen beetle control would not 
only avoid yield losses by bud damage by overwintered pollen beetles, but also minimize pest reproduction, and also have 
side effects on the population development of other pests present in the crop. The effects of the neonicotinoid Biscaya (a.i. 
thiacloprid) and the pyrethroids Mavrik (tau-fluvalinate) and Karate Zeon (lambda-cyhalothrin) applied at different growth 
stages of winter oilseed rape on the abundance of overwintered pollen beetles were determined in field trials in Germany 
(2013–2015). In addition, effects on the two larval instars and new generation of adult pollen beetle were studied. Biscaya 
and Mavrik significantly reduced the number of overwintered pollen beetles up to seven days after application, whereas 
Karate Zeon had no effect. Application of Biscaya at the beginning of flowering resulted in a high mortality of L1-larvae in 
all years. The number of premature L1-larvae dropping down from the plants during the first week after application increased 
up to 425% compared to the control. The number of L2-larvae dropping down to the ground for pupation was significantly 
reduced by insecticide applications at different growth stages except for Karate Zeon. In Karate Zeon-treated plots, the 
number of L2-larvae dropping to the ground increased up to 42% compared to the control. In accordance with the reduced 
number of L2-larvae in Biscaya- and Mavrik-treated plots, fewer new-generation pollen beetles emerged in the field trials 
near Braunschweig, efficacy varying between 57 and 76% in Biscaya-treated plots and 32 and 57% in Mavrik-treated plots 
in 2014 and 2015, respectively. The results indicate that Mavrik, and especially Biscaya, are effective in controlling pollen 
beetles, reducing infestation pressure and thereby insecticide treatment frequency in following years.
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Introduction

The pollen beetle, Brassicogethes aeneus (Fabricius), syn. 
Meligethes aeneus (Fabricius) (Coleoptera: Nitidulidae) is a 
major pest on winter and spring oilseed rape across Europe 
(Williams 2010). The overwintered beetles leave their hiber-
nation sites in March/April and often feed on pollen of dif-
ferent spring flowers before they colonize oilseed rape crops 
where they feed on the buds to get access to pollen (Müller 
1941b; Free and Williams 1978; Ouvrard et al. 2016). High 
numbers of pollen beetles during the green bud stage can 
result in bud abortion and substantial loss of yield (Nilsson 
1987). After ovary maturation, females lay their eggs into 
the buds (Fritzsche 1957; Nilsson 1988a; Ekbom and Borg 
1996; Cook et al. 2004; Hervé et al. 2015). The two larval 
instars feed on pollen (Osborne 1964; Nilsson 1988b; Cook 
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et al. 2004). The first immature larval instars (L1) develop 
within the buds, whereas the second larval instars (L2) are 
very active and consume pollen from several flowers during 
their development (Williams and Free 1978). The majority 
of mature L2-larvae drop down to the soil for pupation dur-
ing the petal fall. After emergence, new-generation pollen 
beetles feed on pollen of different plant families before they 
seek their hibernation sites at the turn of July to August 
(Müller 1941a).

To minimize damage by various insect pests, crops of oil-
seed rape in Europe are often sprayed frequently with insec-
ticides (Richardson 2008a). During 2007–2013, the mean 
number of annual insecticide treatments in winter oilseed 
rape in Germany was 2.7 (Freier et al. 2015). The highest 
intensity was targeted on cabbage seedpod weevil (Ceuto-
rhynchus obstrictus (Marsham)) and pollen beetle (Freier 
et al. 2015). For more than 20 years, the main insecticide 
class extensively used against pests on oilseed rape have 
been the pyrethroids (Nauen 2005; Heimbach et al. 2006; 
Müller et al. 2008; Thieme et al. 2010). Frequent applica-
tions of pyrethroids and the overlapping exposure of differ-
ent oilseed rape pests have resulted in high selection pressure 
and the development of resistance in some of these species 
including pollen beetle, cabbage seedpod weevil and cab-
bage stem flea beetle (Psylliodes chrysocephala (L.)) (Heim-
bach and Müller 2013). Pyrethroid resistance is also known 
for the rape winter stem weevil (C. picitarsis Gyllenhal) in 
France (Robert et al. 2015).

In 1999, decreasing pyrethroid sensitivity in pollen bee-
tles was first detected in France (Thieme et al. 2010; Slater 
et al. 2011). Since then, pyrethroid resistance has been found 
all over Europe (Hansen 2003; Nauen 2005; Wegorek 2005; 
Heimbach et al. 2006; Richardson 2008b; Tiilikainen and 
Hokkanen 2008; Slater et al. 2011; Zimmer and Nauen 
2011a). To control pyrethroid-resistant pollen beetles, other 
insecticides with different modes of action are necessary, 
which do not only prevent bud damage and yield losses by 
overwintered pollen beetles but ideally also diminish the 
reproduction rate of the targeted pest, thereby reducing 
the probability of a high infestation pressure and insecti-
cide treatment frequency in the following years. Effects of 
insecticide application on population development of pollen 
beetles were reported by Kdimati (1990). In plots treated 
with the pyrethroid Decis (a.i. deltamethrin), bud infestation 
with eggs and numbers of dropping larvae were reduced 
resulting in lower numbers of emerging new-generation pol-
len beetles.

Besides other insecticides, the systemic neonicotinoid 
Biscaya (a.i. thiacloprid 72 g ha−1) and the non-systemic 
pyrethroids Mavrik (type I pyrethroid, tau-fluvalinate 
48 g ha−1) and Karate Zeon (type II pyrethroid, lambda-
cyhalothrin 7.5 g ha−1) are registered for control of pollen 
beetles. These insecticides are classified as contact and 

stomach poisons. Thiacloprid acts as an agonist on the 
insect nicotinic acetylcholine receptor (Elbert et al. 2008). 
Tau-fluvalinate and lambda-cyhalothrin are sodium channel 
modulators and interfere with nerve conduction (Roberts 
et al. 1999). Type I and II pyrethroids are separated by the 
absence (type I) or presence (type II) of an α-cyano group 
in their structure (Dong 2007; He et al. 2008).

In contrast to C. obstrictus which showed similar sensi-
tivity to different active substances of pyrethroids (Heim-
bach and Müller 2013), differences in the susceptibility of 
pollen beetles are known. Type I pyrethroids are known to 
have a higher efficacy against resistant pollen beetles than 
type II pyrethroids under field conditions (Schröder et al. 
2009; Smatas et al. 2012) and in laboratory tests (Wegorek 
et al. 2009); oilseed rape inflorescences and leaves dipped 
in test solutions of different insecticides resulted in type 
I pyrethroids (in the study tau-fluvalinate and bifenthrin) 
causing higher mortality of pollen beetles than type II pyre-
throids (beta-cyfluthrin, zeta-cypermethrin, and esfenvaler-
ate) (Wegorek et al. 2009). However, in a standard bioassay 
(IRAC 2009) applied for resistance monitoring in Germany, 
pollen beetles have shown a decreasing sensitivity to type 
I pyrethroids as well (Heimbach and Müller 2013). This is 
in accordance with Makunas et al. (2011); Lithuanian pol-
len beetle populations were tested in bioassays over three 
consecutive years and lower effects of type II pyrethroids 
than tau-fluvalinate (type I) were observed. A decreasing 
susceptibility to type I pyrethroids over the experimental 
years were also assessed.

The objective of the present study was to determine the 
effects of the insecticides Biscaya, Mavrik and Karate Zeon 
applied between the bud and full flowering stage of winter 
oilseed rape on the abundance of overwintered pollen bee-
tles, the two larval instars and the new generation of pollen 
beetles.

Materials and methods

The effects of insecticides on the abundance and population 
growth of pollen beetles were studied from 2013 to 2015 
in field trials at the trial sites of the Julius Kühn-Institut 
in the region of Braunschweig, Germany (52°32′80.29″N, 
10°63′16.74″E (Wendhausen 2013), 52°21′72.27″N, 
10°62′72.30″E (Sickte 2014), 52°21′00.81″N, 10°67′36.03″E 
(Lucklum 2015)). The winter oilseed rape cultivars “Visby” 
(2013 and 2014) and “Avatar” (2015) were used in the exper-
iments. The BBCH code of Lancashire et al. (1991) was 
used for characterizing the growth stages of winter oilseed 
rape. The field trials were established in a randomized block 
design. The plots had a size of 30 m × 24 m (Lucklum), 
40 m × 24 m (Wendhausen) and 45 m × 24 m (Sickte). The 
controls were arranged as included controls according to 



825Effects of thiacloprid, tau-fluvalinate and lambda-cyhalothrin on overwintered pollen beetles…

1 3

EPPO PP 1/152(4) (EPPO 2012). There were no additional 
isolation zones within the trial site. All samplings were done 
in the centre of each plot leaving sufficient distance to adja-
cent plots. All treatments were replicated four times. Insec-
ticide application was carried out between the bud stage and 
the flowering stage, using recommended product application 
rates in Germany in 300 l water ha−1. In 2013, the neoni-
cotinoid Biscaya (300 ml ha−1, a.i. 72 g thiacloprid ha−1) 
and the pyrethroid Karate Zeon (75 ml ha−1, 7.5 g lambda-
cyhalothrin ha−1) were used. For the application of Biscaya 
at different growth stages, separate plots were used, whereas 
the three applications of Karate Zeon were carried out in a 
sequence to the same four plots. In 2014 and 2015, Karate 
Zeon was replaced by the pyrethroid Mavrik (200 ml ha−1, 
48 g tau-fluvalinate ha−1). For the application of Mavrik as 
well as of Biscaya at different growth stages in 2014 and 
2015, separate plots were used.

In addition, similar field trials at various locations in 
Lower Saxony, Mecklenburg-Western Pomerania and 
Bavaria were carried out in 2013–2015 (Table 1). The field 
trials were established with different cultivars and plot sizes 
of 36–480 m2 each in a randomized block design with four 
replicates. As in the field trials carried out in the region of 
Braunschweig, the insecticides Biscaya, Mavrik and Karate 
Zeon were applied with recommended product dose rates 
once between the green (BBCH 53) and the yellow bud 
stages (BBCH 59).

In the field trials near Braunschweig, the abundance of 
overwintered pollen beetles was assessed according to the 

EPPO Standard PP 1/178 (3) (EPPO 2005) just before and 
1, 3–4, 6–8 and 13–15 days after application. The number 
of pollen beetles was recorded between 9.00 and 11.00 a.m. 
by beating 50 randomly selected main stems per plot over 
a plastic tray (31.5 cm × 25.5 cm). Subsequently, the mean 
number of beetles per main stem was calculated.

To collect L1- and L2-larvae dropping from inflores-
cences to the ground in field trials near Braunschweig, 
either as a direct lethal effect of insecticides or to pupate 
in the soil (L2), ten plastic bowls (17 cm × 12.1 cm) filled 
with a 10% sodium benzoate water solution for conserva-
tion were placed on the ground in the centre of each plot 
(approximately 1 m distance to the tramline). The plastic 
bowls were positioned before the first insecticide application 
at BBCH 53 in 2013 and at BBCH 55 in 2014 and 2015, so 
not to miss the beginning of the larval dropping. The bowls 
were checked every few days and, after the first larvae were 
caught at BBCH 62, were then emptied weekly until BBCH 
76–78. The larvae were stored in 70% ethanol, later sepa-
rated by their development stage (L1 or L2) according to 
Osborne (1964) and counted under the binocular microscope 
(eight- to tenfold magnification). The number of larvae cap-
tured in 10 bowls of 205.7 cm2 each was adapted to 1 m2. 
Additionally, the plant density was assessed early in spring 
(3 April 2013, BBCH 16–18; 10 March 2014, BBCH 30–31; 
11 March 2015 BBCH 16–18) by counting the plants grow-
ing on 1 × 1 m at ten randomly selected areas per plot.

At all other trial locations, four plastic bowls (18.3 cm 
× 13.6 cm) per plot were placed in the field. In 2013, the 

Table 1   Dates of insecticide application, growth stages (BBCH), insecticide products, plot size and cultivars used in winter oilseed rape field tri-
als in Lower Saxony, Mecklenburg-Western Pomerania and Bavaria (Germany) during 2013–2015

Year Location Date of application BBCH Insecticide product Plot size (m2) Cultivar

2013 Puch
(Bavaria)

23 May 55–57 Biscaya
Karate Zeon

480 Genie

Cramonshagen
(Mecklenburg-Western Pomerania)

8 May 59 Biscaya
Karate Zeon

72 Avatar

Stöckendrebber
(Lower Saxony)

28 April 55–57 Biscaya
Mavrik
Karate Zeon

120 Visby

2014 Puch
(Bavaria)

31 March 55 Biscaya
Karate Zeon

300 Genie

Kleefeld
(Mecklenburg-Western Pomerania)

31 March 55 Biscaya
Mavrik

72 Avatar

Stöckendrebber
(Lower Saxony)

31 March 53 Biscaya 120 Sherpa

2015 Puch
(Bavaria)

16 April 57 Biscaya
Mavrik
Karate Zeon

122.5 Avatar

Kleefeld
(Mecklenburg-Western Pomerania)

23 April 57–59 Biscaya
Mavrik

36 Mercedes

Niedernstöcken
(Lower Saxony)

16 April 56 Biscaya 120 Sherpa
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plastic bowls were established at BBCH 61 (Puch), BBCH 
63 (Stöckendrebber) and BBCH 70 (Cramonshagen). In 
2014 and 2015, at all locations, they were set up at the bud 
stage and emptied weekly. The trapped larvae were stored 
and separated into development stages as described above. 
The number of larvae captured in 4 bowls of 248.9 cm2 
was adapted to 1 m2. Only the results of L2-larvae will be 
presented.

New-generation pollen beetles were collected in field 
trials near Braunschweig using three soil-photoeclectors 
(each 0.25 m2, ecoTech GmbH) per plot, established near 
the tramline (approximately 1 m distance). To avoid any 
damage to the development of oilseed rape plants within 
and outside the enclosed area, the circular bases of the pho-
toeclectors were dug into the soil before stem elongation 
of plants in early spring. At BBCH 76–78, the photoeclec-
tors were enclosed by a fabric tent before the emergence of 
new-generation pollen beetles started. A perforated plastic 
bag was fixed to the opening on top of the photoeclectors to 
catch the beetles alive. The plastic bags were emptied twice 
a week between the start (BBCH 80) and the end of beetle 
emergence (BBCH 84).

Statistical analyses

Statistical analyses were carried out using the software R, 
version 3.1.2 (R Core Team 2014; packages: lme4 (Bates 
et al. 2015), multcomp (Hothorn et al. 2008), effects (Fox 
2003), MASS (Venables and Ripley 2002), glmmADMB 
(Fournier et al. 2012), coin (Hothorn et al. 2006)). Data 
of each year were analysed separately, because of the high 
annual variability in infestation levels, weather condi-
tions and field trial locations. To compare the abundance 
of overwintered pollen beetles per main stem in different 
treatments, generalized linear mixed models (GLMMs, Pois-
son for count data) were used. The treatment and the date 
were included into the model as the main effects and their 
interaction was tested. The replicates were integrated as a 
random effect. The optimal model was selected using Akaike 
Information Criteria (AIC) described in Zuur et al. (2009). 
The model was checked for dispersion. The treatments were 
compared pairwise for each day of assessment with the pack-
age lsmeans (Lenth 2015) for post hoc testing. P values were 
adjusted with the Hochberg method (Blakesley et al. 2009).

Differences between numbers of larvae in different 
treatments were analysed using generalized linear models 
(GLMs). Because the Poisson model revealed overdisper-
sion, a negative binomial model was used. The treatment 
and the date were included into the model as the main effects 
and their interaction was tested. To account for differing 
numbers of plastic bowls (a few plastic bowls were tipped 
over or destroyed by animals), an offset was included into 
the model. Pairwise comparison of the treatments for each 

sampling period was conducted as described for overwin-
tered pollen beetles. To compare the accumulated number 
of L2-larvae dropping down for pupation in the different 
treatments over the total sampling period, an analysis of 
variance (ANOVA) was performed. Assumptions on vari-
ance homogeneity and normality of residuals were visually 
inspected. The differences between the means were evalu-
ated by Tukey’s HSD test. To analyse differences between 
the abundance of new-generation pollen beetles emerging in 
the different treatments, GLMMs (Poisson) were used. The 
total numbers of new-generation beetles collected over all 
sampling periods were analysed as described for L2-lavae. 
The emergence rate of new-generation beetles was calcu-
lated as the percentage of new-generation beetles in relation 
to L2-larvae dropping to the soil for pupation. The efficacy 
of insecticide treatments was calculated according to the 
formula of Abbott (1925).

Results

In 2013, on average 2.0 pollen beetles per main stem were 
recorded at BBCH 53 in the plots before treatment. One 
day after treatment, the number of pollen beetles per main 
stem was significantly reduced by 47% in plots treated with 
Biscaya compared to the control (GLMM, p = 0.0032) and 
to plots treated with Karate Zeon (GLMM, p = 0.0308) 
(Table 2). Three days after treatment, the pollen beetle den-
sity increased because in the meantime maximum daily tem-
peratures > 20 °C resulted in new immigration. The lowest 
number of pollen beetles occurred again in plots treated with 
Biscaya (efficacy 33%). Pollen beetle numbers did not dif-
fer between the treatments 7 days after treatment (GLMM, 
p > 0.05), while 13 days after treatment the numbers signifi-
cantly increased in Biscaya-treated plots in comparison to 
the control (GLMM, p = 0.0014).

Similar effects of Biscaya on pollen beetle densities were 
found following the application at BBCH 60 in 2013: 1 and 
4 days after application, the pollen beetle density was low-
est in Biscaya-treated plots, whereas Karate Zeon had no 
significant effect on beetle numbers. Seven and 14 days after 
treatment, there was no significant difference in the num-
ber of pollen beetles per main stem between the treatments 
(GLMM, p > 0.05). In the period following the insecticide 
application at BBCH 65, the infestation rate of pollen beetles 
was very low (on average 0.3 pollen beetles per main stem) 
with the highest number of beetles observed in Biscaya-
treated plots.

In the field trial of 2014, the pollen beetle density was 
clearly lower than in 2013; at BBCH 55, an average of 1.5 
pollen beetles per main stem were recorded in plots before 
treatments. After insecticide application at BBCH 55, the 
beetle density decreased continuously in all plots (Table 2). 
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One and 3 days after the application of Biscaya and Mavrik, 
the number of pollen beetles was significantly lower than in 
the control (GLMM, Biscaya: p < 0.001/p = 0.0171; Mavrik: 
p < 0.001/p = 0.0076). One day after treatment, the efficacy 
of Biscaya and Mavrik was 68 and 82%, respectively. Three 
days after treatment, pollen beetle density values in Biscaya- 
and Mavrik-treated plots were both reduced by ca. 50%. At 
7 and 15 days after treatment, no significant difference in 
pollen beetle density occurred between treatments (GLMM, 
p > 0.05). Because of a very low infestation rate (on average 
0.08 pollen beetles per main stem) in the period following 
insecticide application at BBCH 62, these data are too low 
for meaningful analysis.

In 2015, on average 2.1 pollen beetles per main stem were 
recorded at BBCH 55 in the plots before treatment. As in 
2014, pollen beetle density generally decreased in all plots 
following the application. Again the application of Biscaya 
and Mavrik showed similar effects on pollen beetle density 
(Table 2). One day after treatment, pollen beetle density 
decreased by 70% in Biscaya and by 96% in Mavrik-treated 

plots. The number of pollen beetles was significantly lower 
in insecticide-treated plots up to 7 days after treatment, 
with Mavrik having stronger effects. At 14 days after treat-
ment, the pollen beetle density significantly increased in 
Biscaya-treated plots in comparison to the control (GLMM, 
p = 0.0002) and Mavrik-treated plots (GLMM, p = 0.0110) 
similar to 2013. Following the insecticide application at 
BBCH 62, pollen beetle density was low but the same trend 
was observed. The number of pollen beetles was signifi-
cantly lower in Biscaya- and Mavrik-treated plots up to 3 
days after treatment. At 8 days after treatment, no significant 
difference between treatments was detected.

In all experimental years, there was no difference in 
plant density between plots, so an influence on the num-
ber of dropping larvae by different plant densities can be 
excluded (data not presented). In all 3 years of field trials 
in the region of Braunschweig, the premature dropping of 
L1-larvae started at BBCH 62–65. In 2013, in the first sam-
pling period from 2 to 15 May (BBCH 60–65), the number 
of L1-larvae (706 individuals m−2) in the plots treated with 

Table 2   Mean number (± SE) of pollen beetles per main stem of oilseed rape in untreated and insecticide-treated plots before and several days 
after insecticide application (DAA) in winter oilseed rape field trials in Germany (Wendhausen 2013, Sickte 2014, Lucklum 2015)

Biscaya = 72  g thiacloprid ha−1, Karate Zeon = 7.5  g lambda-cyhalothrin ha−1, Mavrik = 48  g tau-fluvalinate ha−1. The three applications of 
Karate Zeon in 2013 were carried out in a sequence to the same plots, whereas for the application of Biscaya at different growth stages separate 
plots were used as well as for insecticide applications in 2014 and 2015. Different letters within each column and date of application indicate sig-
nificant differences between treatments, GLMM, p ≤ 0.05
n.a. data not assessed because main stem far developed and no longer attractive to pollen beetles

Date of application Treatment Mean number of pollen beetles per main stem

0 DAA ± SE 1 DAA ± SE 3–4 DAA ± SE 6–8 DAA ± SE 13–15 DAA ± SE

23 April 2013
BBCH 53

Control 2.25 ± 0.15A 2.71 ± 0.18A 9.52 ± 0.47A 5.63 ± 0.25A 3.84 ± 0.20A
Biscaya 2.05 ± 0.13A 1.45 ± 0.10B 6.43 ± 0.39A 4.97 ± 0.30A 6.93 ± 0.31B
Karate Zeon 1.84 ± 0.12A 2.80 ± 0.18A 9.00 ± 0.39A 5.25 ± 0.23A

2 May 2013
BBCH 60

Control 3.80 ± 0.20A 2.11 ± 0.14A 3.84 ± 0.20A 2.07 ± 0.16A 0.22 ± 0.03A
Biscaya 3.87 ± 0.19A 1.03 ± 0.08B 2.60 ± 0.20A 2.24 ± 0.16A 0.23 ± 0.03A
Karate Zeon 3.52 ± 0.17A 2.11 ± 0.14A 4.24 ± 0.21A 1.67 ± 0.12A

15 May 2013
BBCH 65

Control 0.25 ± 0.04AB 0.22 ± 0.03AB 0.14 ± 0.03AB 0.13 ± 0.03AB n.a.
Biscaya 0.33 ± 0.04B 0.31 ± 0.04B 0.35 ± 0.05B 0.32 ± 0.04B n.a.
Karate Zeon 0.18 ± 0.03A 0.12 ± 0.02A 0.10 ± 0.02A 0.09 ± 0.02A n.a.

31 March 2014
BBCH 55

Control 1.90 ± 0.26A 1.33 ± 0.11A 0.85 ± 0.14A 0.50 ± 0.06A 0.07 ± 0.02A
Biscaya 1.57 ± 0.21AB 0.42 ± 0.05B 0.40 ± 0.08B 0.40 ± 0.07A 0.14 ± 0.03A
Mavrik 1.17 ± 0.20B 0.24 ± 0.04B 0.42 ± 0.04B 0.47 ± 0.12A 0.11 ± 0.04A

16 April 2014
BBCH 62

Control 0.07 ± 0.03A 0.05 ± 0.01A 0.06 ± 0.01A 0.14 ± 0.03A 0.08 ± 0.01A
Biscaya 0.09 ± 0.03A 0.02 ± 0.01AB 0.06 ± 0.03A 0.14 ± 0.03A 0.11 ± 0.04A
Mavrik 0.08 ± 0.04A 0.02 ± 0.01B 0 ± 0A 0.12 ± 0.03A 0.06 ± 0.02A

16 April 2015
BBCH 55

Control 2.43 ± 0.14A 1.52 ± 0.09A 1.29 ± 0.13A 1.06 ± 0.06A 0.43 ± 0.03A
Biscaya 1.96 ± 0.10B 0.46 ± 0.09B 0.29 ± 0.04B 0.25 ± 0.06B 0.76 ± 0.15B
Mavrik 1.82 ± 0.14B 0.06 ± 0.03C 0.07 ± 0.03C 0.46 ± 0.03C 0.51 ± 0.07A

29 April 2015
BBCH 62

Control 0.53 ± 0.06A 0.43 ± 0.03A 0.22 ± 0.06A 0.11 ± 0.01A 0.03 ± 0.01A
Biscaya 0.44 ± 0.04A 0.10 ± 0.03B 0.04 ± 0.02B 0.10 ± 0.03A 0.08 ± 0.04A
Mavrik 0.37 ± 0.05A 0.10 ± 0.03B 0.05 ± 0.02B 0.08 ± 0.02A 0.02 ± 0.01A
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Biscaya at BBCH 60 was significantly higher than in all 
other treatments (Table 3). Compared to untreated plots, the 
number of dropping L1-larvae was increased up to 388%. 
Similar strong effects were recorded following the appli-
cation of Biscaya at BBCH 62 in 2014 and 2015. In the 
Biscaya-treated plots, the number of L1-larvae increased up 
to 425 and 200%, respectively, compared to untreated plots. 
In both years, the lowest number of dropping L1-larvae was 
found in plots treated with Mavrik at BBCH 55.

In the second sampling period of larvae in 2013 (15–23 
May, BBCH 65–69), the highest number of L1-larvae 
dropped down in the plots treated with Biscaya at BBCH 65, 
with 1122 L1-larvae m−2, and an increase of 283% compared 
to the control. In 2014, in the second sampling period, only 
low numbers of L1-larvae dropped down from the plants 
and there was no significant difference between treatments 
(GLM, p > 0.05). In 2015, the number of L1-larvae caught 
in plastic bowls in plots treated with Biscaya at BBCH 62 
increased up to 112% compared to the control. The lowest 
number of L1-larvae was found in the plots treated with 
Biscaya and Mavrik at BBCH 55, with numbers of L1-larvae 
reduced by 63% compared to the control.

In all experimental years, the number of L1-larvae 
caught during the third and fourth weekly sampling peri-
ods decreased continuously. In 2013, there was no signifi-
cant difference between treatments in the third sampling 
period (BBCH 69–71) (GLM, p > 0.05). In the fourth 

sampling period in 2013 (BBCH 71–74), significantly 
more L1-larvae dropped down in the control compared 
to Biscaya treatments at BBCH 53 (GLM, p = 0.001) and 
BBCH 60 (GLM, p = 0.0162), respectively. In plots treated 
with Biscaya at BBCH 53 and BBCH 60, the number of 
L1-larvae was reduced by 82 and by 70%, respectively. In 
2014 and 2015, only few larvae were found in the plastic 
bowls in the third (BBCH 67–69) and fourth sampling 
periods (2014: BBCH 69–72; 2015: 69–71) and there 
was no significant difference between treatments (GLM, 
p > 0.05).

The peak of L2-larvae, dropping down to the ground for 
pupation, was observed at BBCH 65–69 at petal fall in all 
experimental years. The mean number of L2-larvae accu-
mulated over the total period of larval drop showed lower 
numbers in plots treated with Biscaya (Table 3). In 2013, the 
highest efficacy (58%) was achieved by the application of 
Biscaya at BBCH 60, while the efficacy of Biscaya at BBCH 
53 and BBCH 65 was 25 and 38%, respectively. Repeated 
application of Karate Zeon at the three different growth 
stages resulted in 10% higher numbers of L2-larvae drop-
ping to the ground than in the control. Higher numbers of 
L2-larvae dropping down in Karate Zeon-treated plots were 
also observed in other field trials distributed across Germany 
and in different years with larval numbers dropping down in 
Karate Zeon-treated plots increasing up to 42% compared to 
the control (Table 4).

Table 3   Mean number (± SE) of first instar larvae (L1), cumulated 
mean number of second instar larvae (L2) and of new-generation 
pollen beetles (NG adults) m−2 in different treatments in winter oil-
seed rape field trials in Germany near Wendhausen in 2013, Sickte 
in 2014 and Lucklum in 2015; sampling period 1 = 2–15 May 2013 

(BBCH 60–65)/16–23 April 2014 (BBCH 62–65)/29 April–4 May 
2015 (BBCH 62–65); sampling period 2 = 15–23 May 2013 (BBCH 
65–69)/23–30 April 2014 (BBCH 65–67)/4–11 May 2015 (BBCH 
65–67)

Different letters within each column and year indicate significant differences between treatments, L1-larvae: GLM, p ≤ 0.05, L2-larvae and NG 
adults: Tukey’s HSD test, p ≤ 0.05

Year Treatment/BBCH L1-larvae m−2 ± SE
Period 1

L1-larvae m−2 ± SE
Period 2

L2-larvae m−2 ± SE NG adults m−2 ± SE

2013 Control 144.6 ± 12.1A 292.9 ± 45.9A 4831.7 ± 370.3AC 124.7 ± 19.6AB
Biscaya 53 108.2 ± 21.5A 260.1 ± 70.2A 3624.8 ± 375.2AD 171.0 ± 25.1A
Biscaya 60 706.1 ± 52.7B 469.1 ± 91.4AB 2051.5 ± 235.3B 78.3 ± 14.5B
Biscaya 65 143.4 ± 12.3A 1121.8 ± 433.2B 3003.2 ± 223.6BD 82.2 ± 15.0B
Karate 53, 60, 65 76.6 ± 22.3A 393.8 ± 71.8A 5310.7 ± 344.6C 186.0 ± 18.9A

2014 Control 24.3 ± 9.5AC 14.6 ± 3.4A 809.4 ± 56.7A 223.2 ± 18.8A
Biscaya 55 23.1 ± 15.0AC 13.4 ± 4.2A 532.3 ± 36.2BC 95.3 ± 4.4B
Biscaya 62 127.6 ± 40.5B 23.1 ± 9.4A 334.2 ± 25.1B 92.3 ± 7.5B
Mavrik 55 3.6 ± 2.3C 7.3 ± 2.4A 570.0 ± 69.0AB 119.0 ± 17.2B
Mavrik 62 65.6 ± 24.2AB 8.5 ± 1.2A 673.3 ± 87.4AC 129.3 ± 13.3B

2015 Control 19.4 ± 6.0AB 160.2 ± 25.3AC 1716.1 ± 179.3A 862.7 ± 50.1A
Biscaya 55 20.7 ± 7.0AB 59.6 ± 6.4B 620.9 ± 70.7B 207.7 ± 7.3B
Biscaya 62 58.3 ± 18.9A 340.3 ± 65.7C 723.1 ± 77.6B 238.0 ± 36.7BC
Mavrik 55 15.8 ± 8.0B 58.9 ± 4.0B 810.4 ± 107.0B 372.3 ± 58.6C
Mavrik 62 19.4 ± 6.9AB 87.5 ± 22.2AB 1485.2 ± 189.2A 586.0 ± 62.6D
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As in 2013, insecticide applications reduced the number 
of dropping L2-larvae in 2014 and 2015. Application of Bis-
caya at BBCH 55 and BBCH 62 in 2014 resulted in a signifi-
cant reduction compared to the control (Tukey’s HSD, Bis-
caya BBCH 55: p = 0.0332; Biscaya BBCH 62: p = 0.0004) 
with efficacies of 34 and 59%, whereas the application of 
Mavrik at BBCH 55 and BBCH 62 showed efficacies of 30 
and 17%, respectively (Tukey’s HSD, p > 0.05). In 2015, 
the number of L2-larvae was significantly reduced by the 
applications of Biscaya at BBCH 55 and 62 and of Mavrik 
at BBCH 55 compared to the control (Tukey’s HSD, Bis-
caya BBCH 55: p = 0.0003; Biscaya BBCH 62: p = 0.0008; 
Mavrik BBCH 55: p = 0.0025). In plots treated with Bis-
caya or Mavrik at BBCH 55, the number of L2-larvae was 
reduced by 64 and 53%, respectively. The treatment with 
Biscaya at BBCH 62 resulted in an efficacy of 58%, whereas 
the application of Mavrik at this growth stage reduced the 
number of L2-larvae only by 13%. Similar effects of Biscaya 

were observed in the additional field trials distributed across 
Germany in three consecutive years. In most trials, the num-
bers of L2-larvae were significantly lower compared to the 
control (Table 4). Mavrik also reduced the number of L2-lar-
vae, but in most trials it was less effective than Biscaya. In 
contrast, higher numbers of L2-larvae were detected after 
Karate Zeon applications compared to the control.

The emergence of new-generation pollen beetles started 
in all experimental years at BBCH 80. In 2013, the efficiency 
of the catching method was compromised by deep cracks 
in the soil caused by extended drought periods and not all 
emerging new-generation beetles were caught. In 2014 and 
2015, the number of emerging new-generation pollen beetles 
was significantly reduced in all Biscaya-treated plots which 
showed a higher efficacy at both application dates in each 
year (Table 3). In 2014, the application of Biscaya at BBCH 
55 and 62 resulted in a reduction of new-generation beetles 
by 57 and by 59%, whereas the treatment with Mavrik at 

Table 4   Cumulated mean number (± SE) of pollen beetle second instar larvae (L2) m−2 dropping down for pupation in different treatments in 
winter oilseed rape field trials in Germany during 2013–2015

Different letters within each location and year indicate significant differences between treatments, Tukey’s HSD test, p ≤ 0.05, efficacy (%) calcu-
lated according to Abbott (1925)

Year Location/application at BBCH Treatment L2-larvae m−2 ± SE Efficacy (%)

2013 Puch (Bavaria)
BBCH 55–57

Control 3545.9 ± 381.5A
Biscaya 2574.0 ± 122.9B 27.4
Karate Zeon 4841.7 ± 121.6C − 36.5

Cramonshagen (Mecklenburg-Western Pomerania)
BBCH 59

Control 582.6 ± 88.6A
Biscaya 482.2 ± 126.3A 17.2
Karate Zeon 750.9 ± 65.0A − 28.9

Stöckendrebber (Lower Saxony)
BBCH 55–57

Control 3283.9 ± 103.4A
Biscaya 1597.2 ± 173.9B 51.4
Karate Zeon 3337.5 ± 274.6A − 1.6
Mavrik 2604.2 ± 257.7A 20.7

2014 Puch (Bavaria)
BBCH 55

Control 1152.7 ± 56.4A
Biscaya 647.9 ± 84.9B 43.8
Karate Zeon 1511.8 ± 151.9A − 31.2

Kleefeld (Mecklenburg-Western Pomerania)
BBCH 55

Control 2350.5 ± 238.2A
Biscaya 2235.0 ± 228.1A 4.9
Mavrik 2245.1 ± 279.4A 4.5

Stöckendrebber (Lower Saxony)
BBCH 53

Control 1805.6 ± 119.7A
Biscaya 1218.0 ± 121.4B 32.5

2015 Puch (Bavaria)
BBCH 57

Control 1750.3 ± 139.5A
Biscaya 1737.8 ± 78.8A 0.7
Karate Zeon 2486.1 ± 96.1B − 42.0
Mavrik 1212.9 ± 111.7C 30.7

Kleefeld (Mecklenburg-Western Pomerania)
BBCH 57–59

Control 2599.1 ± 274.6A
Biscaya 1700.1 ± 153.7B 34.6
Mavrik 1665.0 ± 190.7B 35.9

Niedernstöcken (Lower Saxony)
BBCH 56

Control 1044.7 ± 80.9A
Biscaya 482.2 ± 26.3B 53.8
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BBCH 55 and BBCH 62 reduced the number of new-genera-
tion beetles by 47 and 42%, respectively. In 2015, the lowest 
number of new-generation pollen beetles was recorded in 
plots treated with Biscaya at BBCH 55 (efficacy 76%), fol-
lowed by the Biscaya treatment at BBCH 62 (72%) and the 
application of Mavrik at BBCH 55 (57%). The application 
of Mavrik at BBCH 62 resulted in a reduction of beetles by 
32% compared to the control. The average emergence rate in 
all treatments was 22.9% in 2014 and 40.4% in 2015.

Discussion

In the presented field trials, the density of overwintered pol-
len beetles on oilseed rape crops was significantly reduced 
up to 7 days after the application of Biscaya and Mavrik, 
whereas Karate Zeon had no effect. Type I pyrethroids (tau-
fluvalinate in Mavrik) are known to have a higher efficacy 
against pyrethroid-resistant pollen beetles than type II pyre-
throids (lambda-cyhalothrin in Karate Zeon) in the field 
(Schröder et al. 2009; Smatas et al. 2012). Significant effects 
of Mavrik for at least 7 days after application are described 
by Vaitelyte et al. (2011). So far, no resistance to thiacloprid 
has been detected in European B. aeneus populations (Nauen 
et al. 2012; Zimmer et al. 2014). Effects seen in the field 
trials confirm this. A significant reduction of overwintered 
pollen beetles by application of Biscaya was also reported 
by Smatas et al. (2012). Jansen and Gomez (2014) observed 
significant effects on pollen beetle reduction by Biscaya for 
at least 8 days after application.

In addition to direct lethal effects, the application of Bis-
caya and Mavrik at the bud stage may have sublethal effects 
on pollen beetles, i.e. affecting the physiology or behav-
iour of individuals that survive the exposure to insecticides 
(Desneux et al. 2007). Sublethal effects may influence the 
coordination of body movements of the beetles or result in 
increased activity (Desneux et al. 2007). These effects may 
be the reason for the phenomenon observed by Gödeke (per-
sonal communication); in winter oilseed rape field trials, 
more adult pollen beetles dropped down from plants treated 
with Biscaya up to 7 days after application compared to the 
untreated plots, whereas the application of Mavrik did not 
result in higher numbers of dropping beetles.

In 2013 and 2015, pollen beetle density increased in plots 
treated with Biscaya at the bud stage compared to the con-
trol 14 days after treatment. This may be explained by a 
higher attractiveness of the inflorescences after degradation 
of insecticide residuals. The lower number of beetles for 
several days after treatment resulted in less bud damage as 
a result of feeding and oviposition making the plants more 
attractive than control plants to pollen beetles (Brandes et al. 
unpublished). The recolonization of Biscaya-treated plots 

after the decline of insecticidal activity was also reported 
by Tölle (2014).

It is uncertain whether the larvae hatching from eggs, 
which have been laid by the increased number of beetles 
in Biscaya-treated plots 14 days after treatment, were able 
to complete their development before the end of flowering. 
Without sufficient food, the larvae can be forced to prema-
ture pupation, resulting in a high mortality (Nielsen and 
Axelsen 1988). According to Nilsson (1994), the larvae 
should be ready to pupate at petal fall; otherwise, they have 
to feed on stems or pods to finish their development. This 
increases the risk of predation and parasitization.

The low pollen beetle density in plots treated with Bis-
caya and Mavrik at the bud stage contributed to a reduced 
infestation of buds with eggs (Brandes et al. 2018) which 
finally resulted in a lower number of larvae and new-gener-
ation pollen beetles. Further, the application of Biscaya in 
the flowering stage (BBCH 60–65) resulted in enhanced pre-
mature dropping of L1-larvae. This may have been caused 
by lethal effects of Biscaya or by sublethal effects impairing 
larval coordination; this requires further work. Uncoordi-
nated or stumbling movements of third instar larvae of the 
cabbage looper (Trichoplusia ni) after topical application 
of pyrethroids were reported by Toth and Sparks (1990). In 
a larval dip laboratory assay, the L2-larvae of pollen bee-
tle were highly sensitive to thiacloprid while they showed 
insensitivity to lambda-cyhalothrin (Zimmer et al. 2014). 
It is likely that L1-larvae are also highly sensitive to thia-
cloprid resulting in an enhanced dropping of larvae after 
application. Enhanced larval dropping caused by physical 
effects of spraying activity can be excluded because no 
such effects were seen in Mavrik- or Karate Zeon-treated 
plots. The L1-larvae are not ready for pupation. Once they 
have dropped to the ground, they are likely to fall prey to 
predators such as ground beetles (Carabidae), rove beetles 
(Staphylinidae) and spiders (Araneae) (Büchs and Alford 
2003; Piper and Williams 2004; Zaller et al. 2009; Öberg 
et al. 2011) or they may die from desiccation or lack of food.

The assessment of the number of mature L2-larvae drop-
ping down for pupation is very important for the determi-
nation of insecticide effects on population growth of pol-
len beetle. Higher numbers of L2-larvae dropping down in 
Karate Zeon-treated plots in the field trial at Wendhausen in 
2013 (number of L2-larvae increased up to 10% compared to 
the control) were also observed in other field trials distrib-
uted across Germany and in different years. In Karate Zeon-
treated plots, the number of larvae dropping down increased 
up to 42% compared to the control. The reason for this might 
be the elimination of antagonists such as spiders by Karate 
Zeon in the crop canopy resulting in an undisturbed devel-
opment of pollen beetle larvae. Negative effects of lambda-
cyhalothrin on the abundance of spiders have been reported 
by Wehling and Heimbach (1991), Devotto et al. (2007) and 
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Liu et al. (2013). Similarly, staphylinid larvae which are 
known to reduce the density of pollen beetle larvae in flow-
ers may be affected by lambda-cyhalothrin (Felsmann 2008).

Insecticide hormoligosis might be another reason for an 
enhanced number of L2-larvae after Karate Zeon applica-
tion. Luckey (1968) described the phenomenon that suble-
thal effects of various stress agents, such as insecticides, can 
be stimulatory to insects and an increase of reproduction can 
be expected at low concentrations of insecticides. The highly 
elevated concentration of monooxygenase enzymes, which 
are mainly responsible for the fast degradation of pyrethroids 
in resistant pollen beetles (Zimmer and Nauen 2011b), may 
be responsible for stimulation of the females resulting in 
increased oviposition and consequently high numbers of 
larvae.

As a consequence of the reduction of overwintered pollen 
beetles, of effects on egg laying (Brandes et al. 2018) and 
of additional direct effects on L1-larvae in Biscaya-treated 
plots, the number of second instars was (in most field trials 
significantly) reduced compared to the control. A significant 
reduction of L2-larvae after two applications of Biscaya was 
also reported from field trials in 3 consecutive years by Tölle 
(2014). In addition, Jansen and Gomez (2014) found a reduc-
tion of L2-larvae by 84% in plots treated with Biscaya at the 
end of the bud stage. In the present field trials, the applica-
tion of Mavrik also reduced the numbers of L2-larvae, but 
in most cases its action was less effective than Biscaya. In 
contrast to Biscaya, Mavrik did not reduce infestation of 
buds with eggs (Brandes et al. 2018), so it can be concluded 
that the effects of Mavrik on the number of L2-larvae drop-
ping down for pupation were mainly caused by the reduction 
of overwintered pollen beetles after application at the bud 
stage.

The pollen beetle larvae dropping down to the soil 
can be consumed by ground beetles, rove beetles (Büchs 
2003; Zaller et al. 2009; Skellern and Cook 2018) or spi-
ders (Öberg et al. 2011), while the pupae are likely to be 
preyed upon in the ground by ground beetles and rove bee-
tles (Büchs and Nuss 2000; Büchs 2003). All these natural 
enemies are known to be affected by insecticides (Pfiffner 
and Luka 2003; Felsmann 2008). In the present study, the 
insecticide applications were carried out in a very tight crop 
canopy. Spraying of oilseed rape during the flowering stage 
using conventional spraying techniques results in an inter-
ception value of 80, which means that only low amounts of 
the insecticides penetrate to soil level (EFSA 2014). There-
fore, in the present field trials the predators were exposed 
only to low doses of insecticides, with limited effects on 
predation of larvae and pupae of pollen beetle on and in the 
soil, but this could not be tested in detail. Further important 
biocontrol agents are parasitoids. They can also be affected 
by insecticide applications, but the insecticides used in these 
field trials did not affect parasitization of pollen beetle larvae 

by the parasitoids Tersilochus heterocerus and Phradis spp. 
(Brandes et al. 2017).

In all field trials, the number of L2-larvae dropping down 
for pupation in different treatments was reflected in the num-
ber of emerging new-generation pollen beetles. The treat-
ments with the lowest number of L2-larvae also had the few-
est emerging beetles. The application of Biscaya and Mavrik 
resulted in significantly lower numbers of new-generation 
beetles than the control, with Mavrik being less effective 
than Biscaya, which corresponds to the number of L2-larvae 
dropping down for pupation. A significant reduction of the 
numbers of emerging new-generation pollen beetles after the 
application of Biscaya was also described by Tölle (2014).

The effects of Biscaya and partly also Mavrik on pol-
len beetle populations found in the presented field trials are 
not reflected in the common efficacy evaluation of insecti-
cides according to EPPO Standard 1/178 (3) (EPPO 2005), 
where only the effects on overwintered pollen beetles are 
recorded. The application of Biscaya did not only show 
effects on overwintered beetles, but also on infestation of 
buds with eggs and larvae (Brandes et al. 2018). In addition, 
the application of Biscaya in flowering oilseed rape is highly 
effective on L1-larvae. Despite the effects on overwintered 
adult pollen beetles, the effects of Mavrik on infestation of 
buds with eggs and larvae were smaller compared to Bis-
caya (Brandes et al. 2018) and the effects on L1-larvae were 
absent. In conclusion, Biscaya is effective in controlling 
adult pollen beetles during the bud stage and an effect on 
reproduction may reduce infestation pressure and insecticide 
treatment frequency in the following years. Applications at 
the flowering stage against pollen beetle are not common 
and not purpose of integrated pest management. Once the 
plants begin to flower, pollen beetles prefer pollen in open 
flowers to pollen in buds without causing damage (Fritzsche 
1957; Cook et al. 2007). But if other insect pests such as C. 
obstrictus or Dasineura brassicae require control by insec-
ticides during the flowering stage because of exceeding the 
thresholds, Biscaya can reduce the reproduction of simulta-
neously occurring pollen beetles as a side effect.
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