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Abstract
Cabbage seed weevil (Ceutorhynchus assimilis Payk.) is one of the most important and 
dangerous pests of oilseed rape in Poland and in other European countries. In contrast 
to another important oilseed rape insect pest – pollen beetle (Meligethes aeneus F.), little 
is known about cabbage seed weevil susceptibility level to insecticide active ingredients. 
Therefore, the aim of this study was to determine the cabbage seed weevil susceptibility to 
active ingredients from different insecticide groups. Research, carried out in 2015, 2016 and 
2017 revealed very high susceptibility of the pest to organophosphates and all pyrethroid 
active ingredients, except for tau-fluvalinate, lower susceptibility to thiacloprid and very 
high resistance to indoxacarb from oxadiazines. This information is a basic element for 
creating integrated pest management strategies for oilseed rape in Poland.
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Introduction

Cabbage seed weevil (Ceutorhynchus assimilis Payk.), 
together with pollen beetle (Meligethes aeneus F.), are 
the most important oilseed rape pests in Poland and 
other European countries. Each year the economic 
thresholds of cabbage seed weevil or pollen beetle or 
both species together are significantly exceeded. For 
this reason all of the oilseed rape grown in Poland un-
dergoes chemical treatment against both pests every 
year. The most serious problem associated with chemi-
cal protection during spring in Poland lies in the par-
tially simultaneous appearance of both pests in oilseed 
rape fields. Cabbage seed weevil appears in oilseed rape 
plants during the period of pollen beetle control and 
this creates an additional selection pressure enhancing 
the development of resistance of cabbage seed weevil 
(Ferguson et al. 2003; Jajor et al. 2008). 

Observations carried out in the Institute of Plant 
Protection – National Research Institute in Poznań, 
showed significant differences in the susceptibility of 

both pests to the same insecticide active ingredients. 
While the pollen beetle resistance level to insecticides 
from all chemical groups has been well investigated 
and documented (Heimbach et al. 2006; Richardson 
2008; Węgorek and Zamojska 2008; Węgorek et al. 
2009; Philippou et al. 2010; Slater et al. 2011; Heim-
bach and Müller 2013), very little research has been 
done on cabbage seed weevil susceptibility levels 
(Zamojska et al. 2014; Zimmer et al. 2014). Research 
concerning cabbage seed weevil resistance levels, usu-
ally focus only on a few active ingredients (Zamojska 
and Węgorek 2014; Zamojska 2017). 

In Poland there are 12 insecticide active ingredients 
recommended for cabbage seed weevil control: nine 
from the pyrethroid group, two from the neonicoti-
noid group and one organophosphate. Additionally, 
there are three organophosphate active ingredients, 
one oxadioazine substance and one substance from 
pyridine azometines, recommended for pollen beetle 



Journal of Plant Protection Research 58 (1), 201874

control which are often used in the presence of cab-
bage seed weevils in the fields. Monitoring of cabbage 
seed weevil susceptibility to these active ingredients 
has been carried out in the Institute of Plant Protection 
– National Research Institute for years. Considering 
the lack of information in the literature, we carried out 
a comprehensive study to describe the existing cabbage 
seed weevil susceptibility to insecticides from different 
chemical groups. The most important goal was to cre-
ate a scientific baseline in order to estimate changes in 
the pest susceptibility levels in the future. The data is 
also a base for working out integrated pest manage-
ment strategies to prevent resistance as the main goal.

Materials and Methods

In the experiments IRAC (Insecticide Resistance Action 
Committee) Susceptibility Test Method No. 7 was used. 
The method was thoroughly described earlier (Węgorek 
et al. 2011; Zamojska and Węgorek 2014). The presented 
research was conducted from 2015 to 2017 on cabbage 
seed weevils, collected from five oilseed rape fields, in 
which no insecticides had been used.

Tested cabbage seed weevil populations

–	 Winna Góra (central Poland),
–	 Nowy Tomyśl (central Poland),
–	 Szczecinek (northern Poland),
–	 Buziole (northern Poland),
–	 Bożków (southern Poland).

Insecticides (commercially available 
products)

Insecticide concentrations were calculated (ppm), as-
suming that 200 l of water would be used per hectare.

Pyrethroids
–	 alpha-cypermethrin (Fastac 100 EC with 100 g ∙ l−1 

of active ingredient), recommended concentration: 
65.2 ppm;

–	 deltamethrin (Decis Mega 50 EW with 50 g ∙ l−1 of 
active ingredient), recommended concentration: 
36 ppm;

–	 lambda-cyhalothrin (Karate Zeon 050 CS with 
50 g ∙ l−1 of active ingredient), recommended con-
centration: 36 ppm;

–	 tau-fluvalinate (Mavrik Vita 240 EW with 240 g ∙ l−1 
of active ingredient), recommended concentration: 
220.6 ppm;

–	 zeta-cypermethrin (Fury 100 EW with 100 g ∙ l−1 
of active ingredient), recommended concentration 
48.5 ppm.

Oxadiazines
–	 indoxacarb (Avaunt 150 EC with 150 g ∙ l−1 of 

active ingredient), recommended concentration: 
 134.2 ppm.

Neonicotinoids
–	 thiacloprid (Biscaya 240 OD with 240 g ∙ l−1 of 

active ingredient), recommended concentration: 
345.15 ppm.

Organophosphates
–	 chlorpyrifos (Pyrinex 480 EC with 480 g ∙ l−1 of 

active ingredient), recommended concentration: 
1776 ppm;

–	 malathion (Fyfanon 440 EW with 440 g ∙ l−1 of ac-
tive ingredient), recommended concentration: 
4000 ppm.

Indoxacarb is not recommended for controlling cab-
bage seed weevils in Poland. It is recommended however 
for pollen beetle control and is often applied when cab-
bage seed weevils are also present in oilseed rape fields. 
For scientific reasons, in order to compare the suscepti-
bility levels of the two species to active ingredients from 
different chemical groups, we adopted indoxacarb re
commendations for pollen beetle in our research. 

Resistance tests

The laboratory conditions as well as statistical calcu-
lations have already been described in the aforemen-
tioned publications. LC50 and LC95 calculations were 
based on the mortality of cabbage seed weevils at each 
dose and expressed in ppm.

The resistance coefficient (RC) was calculated as 
follows:

	 RC = LC95/recommended field dose (as-
suming that the recommended field dose 
resulted in 100% mortality of insects at the 
registration time).

The following criteria were assumed to assess resistance:
RC ≤ 1 	 – lack of resistance,
RC = 1.1–2 	 – low resistance,
RC = 2.1–5 	 – medium resistance,
RC = 5.1–10 	– high resistance,
RC > 10	 – very high resistance.

For indoxacarb, because the insect mortality was 
almost always 0%, it was not possible to calculate LC 
values. Therefore, we also used the IRAC method to 
classify the insects’ resistance according to their mor-
tality at the recommended dose and at 20% of the rec-
ommended dose. Since the 20% dose was not used in 
our experiments, the method was modified by chang-
ing assessment at the 20% dose to assessment at the 
25% dose (Table 1). In this way it was possible to com-
pare indoxacarb and other active ingredients.
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Results

The research (2015–2017) showed slight differences 
in cabbage seed weevil susceptibility to the same in-
secticides among populations from various regions of 
Poland. There were however great differences among 
susceptibility levels to different active ingredients (Ta-
bles 2–6). 

In all years and in all populations, resistance coef-
ficient values calculated for alpha-cypermethrin, zeta-
cypermethrin, deltamethrin and lambda-cyhalothrin 
were definitely below one, which resulted in “lack of 
resistance” classification. Mortality of insects at rec-
ommended doses was always 100%, and according 
to IRAC classification the pest susceptibility level was 
classified as “susceptible” or “highly susceptible”. The 
only pyrethroid active ingredient, to which the pest 
exhibited resistance was tau-fluvalinate. Resistance 
coefficient values calculated for this active ingredient 
ranged from 2.21 (medium resistance) to 27.41 (very 
high resistance) and mortality of insects at the recom-
mended dose was between 30% and 85% (medium re-
sistance to high resistance).

 Susceptibility of the pest to the only neonicotinoid 
active ingredient – thiacloprid was classified as low re-
sistance or the lack of resistance with RC (resistance 
classification) values below 1 or slightly above 1. Mor-
tality of insects at the recommended dose was 100% or 
slightly below this value, which gave susceptibility or 
medium resistance in IRAC classification.

Very high resistance was recorded to indoxacarb. 
Maximum insect mortality at the recommended dose 
was 5%. It was impossible to calculate LC values be-
cause of the lack of differences between data.

No resistance was noted for chlorpyrifos. Mortality 
of insects at the recommended dose was always 100% 
and IRAC classification ranged from susceptible to 
highly susceptible. All calculated LC values were much 
below 1 (lack of resistance).

The other organophosphate active ingredient – 
malathion, according to RC classification did not reveal 
any resistance. However, IRAC classification ranged 
between susceptible and medium resistance because of 
99% mortality of insects in two cases.	

Discussion

This study presents great differences between cabbage 
seed weevil susceptibility levels to active ingredients 
from different chemical groups: very high susceptibility 
to pyrethroids, except for tau-fluvalinate, susceptibility 
to chlorpyrifos and lower susceptibility to malathion, 
susceptibility or low resistance to thiacloprid and fi-
nally, total resistance to indoxacarb.

High susceptibility of cabbage seed weevils to py-
rethroids has already been reported (Heimbach and 
Müller 2013; Zamojska et al. 2014; Zimmer et al. 
2014). Susceptibility of the pest to the majority of py-
rethroid active ingredients presented in this study has 
not changed and the pest still exhibits very high mor-
tality in the pyrethroid tests. The only exception was 
tau-fluvalinate. In 2011 and 2012 the pest susceptibility 
to tau-fluvalinate was very high and did not differ from 
the susceptibility to other pyrethroids (Zamojska et al. 
2014). In this study, a considerable shift was observed. 
High resistance of cabbage seed weevils to tau-fluvali-
nate, which emerged in such a short time, is difficult to 
explain. However, when comparing the results to those 
obtained for pollen beetle (Zamojska et al. 2014), in 
which tau-fluvalinate is the most effective pyrethroid 
active ingredients against pollen beetles, it is worth no-
ticing that what is usually effective in controlling pol-
len beetles, is not effective in controlling cabbage seed 
weevils and vice versa. It can be supposed that differ-
ences in molecular properties between tau-fluvalinate 
and other pyrethroids, resulting in differences in their 
affinity to the target site, may be responsible for this. 
Extensive research needs to be conducted to confirm 
such a supposition. 

High resistance of pollen beetles to pyrethroids 
has been reported many times (Heimbach et al. 2006; 
Węgorek and Zamojska 2008; Richardson 2008; 
Węgorek et al. 2009; Slater et al. 2011). High suscep-
tibility of cabbage seed weevils to pyrethroids was also 
shown by Zimmer et al. (2014) and Heimbach and 
Müller (2013). In those studies cabbage seed weevil 
and pollen beetle susceptibility to lambda-cyhalothrin 
was tested. The authors showed high susceptibility of 
cabbage seed weevils and high resistance of pollen 
beetles to this active ingredient. Heimbach and Müller 
(2013) reported just slight resistance of one, single 
cabbage seed weevil population in northern Germany. 

Table 1. Resistance according to IRAC* classification

Percentage  
of field dose

Mortality rate Resistance

100 100
high susceptibility

25 100

100 100
susceptibility

25 <100

100 <100 – ≥90 medium resistance

100 <90 – ≥50 resistance

100 <50 high resistance

*Insecticide Resistance Action Committee
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However, when comparing LC calculations for this 
single population and the susceptible ones as well as 
with calculations obtained for susceptible populations 
by Zimmer et al. (2014), no significant differences were 
observed. It is possible that the reported resistance was 
an exception and may have resulted from assessing 
cabbage seed weevil mortality after 5, not after 24 h. 

Pyrethroids affect sodium channels in insects’ nerve 
cells. The other substance affecting sodium channels 
but in the opposite way is indoxacarb. The obtained re-
sults showed very high cabbage seed weevil resistance 
to indoxacarb, while pollen beetles exhibited very high 
susceptibility to this active substance (Zamojska 2017). 
It can be assumed that the underlying cause of such 
great differences in both pests’ susceptibility levels 
to pyrethroids and indoxacarb, is the construction 
of sodium channels (Zamojska and Węgorek 2014; 
Zamojska 2017).

Cabbage seed weevil susceptibility to thiacloprid 
presented in this study contradict results reported 
by Zimmer et al. (2014) and Heimbach and Müller 
(2013). In our study cabbage seed weevil susceptibil-
ity to thiacloprid was not as high as the one presented 
by the abovementioned authors. Moreover, we ob-
served slight resistance. However, resistance of pol-
len beetles to thiacloprid was much higher (Zamojska 
et al. 2014).   

In our research cabbage seed weevils exhibited high 
susceptibility to chlorpyrifos and lower susceptibility 
to malathion – both organophosphate active ingre-
dients. Pollen beetle susceptibility to chlorpyrifos re-
ported in earlier studies was also very high (Węgorek 
et al. 2009; Zamojska and Węgorek 2014). This may 
result from the negative cross resistance phenomenon 
(Różański 1992). Oxidative enzymes, responsible for 
pollen beetle resistance to pyrethroids (Philippou et al. 
2010; Węgorek et al. 2011; Nauen et al. 2012), change 
chlorpyrifos to its oxi-metabolite, which is a much 
stronger toxin than chlorpyrifos alone and makes pol-
len beetles very highly susceptible to chlorpyrifos. In 
cabbage seed weevils, which are highly susceptible 
to pyrethroids, this phenomenon does not exist. 
Probably the affinity of chlorpyrifos to acetylcho-
linesterase is very high, however the explanation needs 
further research.

The presented results, apart from the variability of 
cabbage seed weevil susceptibility to different insecti-
cide active ingredients, were also significantly differ-
ent from the pollen beetle susceptibility to the same 
active ingredients. They also showed a considerable 
shift in the pest’s susceptibility to tau-fluvalinate. All 
these factors make it necessary to constantly monitor 
both pests’ susceptibility/resistance levels. Resistance 
prevention strategies should always consider the co-
incidence of both species in oilseed rape plantations 

as well as updated results of both pests’ susceptibility 
levels to all insecticide active ingredients currently rec-
ommended in oilseed rape.  
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