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Abstract
In a semi-field net cage experiment set up in three growing seasons (2015–2018) at Julius-Kühn Institute Braunschweig, 
Germany, the influence of different release times of adult cabbage stem flea beetles, Psylliodes chrysocephala (early Septem-
ber, mid-September, early October) and different beetle densities (6.7, 13.3 and 20 beetles/m2) on reproduction and damage 
potential in winter oil seed rape was investigated. In parallel to the cage trials, the number of deposited eggs was assessed 
in small boxes exposed in the field. Beetles released in early September laid significantly more eggs compared to beetles 
released early October, with a maximum of 270 eggs per female. The early release of beetles resulted in significantly higher 
numbers of larvae in autumn, but this differed significantly between the years. Warm autumn or winter conditions led to 
continued egg laying and development, whereas cold conditions stopped the reproduction. Significant yield losses (25%) 
and significant plant losses during winter were only found in 2016/17 in treatments with an early release of high numbers 
of beetles (20 beetles /m2). The German damage threshold of 3–5 larvae per plant was reached when 13 beetles/m2 were 
released before 20th September and 20 beetles per  m2 after 20th September. Data of this study can be used for a better dam-
age prediction and a more targeted beetle control.
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Introduction

The cabbage stem flea beetle, Psylliodes chrysocephala L. 
(Coleoptera: Chrysomelidae), is one of the most important 
autumn pests in winter oilseed rape (Brassica napus L.) 
(Nilsson 2002; Alford et al. 2003). The adult beetles immi-
grate to the fields between beginning of September and end 
of October (Hoßfeld 1993; Johnen and Meier 2000; Con-
rad 2019). The females need a maturity feeding of at least 
2–3 weeks before they start to deposit their eggs into the soil 
(Mathiasen et al. 2015b). Under German climate conditions, 

the feeding damage of adult beetles is usually less important 
compared to the damage caused by larval feeding (Schulz 
and Daebeler 1984; Johnen 1997). Only in years with dry 
weather conditions, when plants grow very slowly, feeding 
damage by adults is important. The larvae start hatching at 
the end of October. The neonate larvae bore into the peti-
oles and stems of the plants and feed till they pupate in the 
soil (Schulz 1983; Nilsson 2002). The larval damage can 
cause high winter losses by weakening of the plants (Godan 
1951a). The time of immigration, the start of oviposition 
and the occurrence of first larvae depend on autumn tem-
peratures (Mathiasen et al. 2015b; Johnen and Meier 2000; 
Bergermeier 1992; Bonnemaison and Jourdheuil 1954; Joh-
nen 1997).

After the ban of neonicotinoid seed treatments in the 
European Union in 2013, the chemical control of P. chryso-
cephala only relies on synthetic pyrethroids (Baroso 2013; 
Heimbach and Brandes 2016; Højland et al. 2015). An inad-
equate application timing, and a high spraying frequency 
have increased the severity of resistance against pyrethroids 
(Højland et  al. 2015; Heimbach and Brandes 2016). A 
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targeted use of insecticides for control of P. chrysocephala 
and other pests is necessary (Hausmann et al. 2019; Brandes 
et al. 2017) to avoid further resistance development and 
exposure of non-target organisms.

To enhance the effectiveness of insecticide applications 
for control of P. chrysocephala and to support integrated 
pest management in winter oilseed rape, a better under-
standing of the reproduction and damage potential of the 
insect is necessary. In Germany, two damage thresholds for 
P. chrysocephala infestation are used: 50 beetles per yellow 
water trap caught within three weeks (Hoßfeld 1993) and 
3–5 larvae per plant in late autumn (Godan 1950). These 
thresholds have been established decades ago and need to 
be re-evaluated. According to Johnen (1997), sufficiently 
high temperatures in September and October are essential 
for egg-laying and larval development of P. chrysocephala. 
In the past, early immigrating adults of P. chrysocephala 
were controlled by neonicotinoid seed treatments (Dewar 
2017). Following the ban of neonicotinoid seed treatments, 
oilseed rape plants are no longer protected by the insecticidal 
effect of the active ingredient during early growing stages, 
thus early invading beetles have got more time for damaging.

This study aimed to mimic the effect of three different 
immigration dates (early September until beginning Octo-
ber) and beetle densities (6.7, 13.3, 20 beetles per  m2) on 
the development of larvae and the damage potential of P. 
chrysocephala.

Material and methods

The semi-field experiments were conducted in crops of win-
ter oilseed rape in Braunschweig in Lower Saxony, Germany 
from 2015 to 2017. In caged plots, three different infestation 
levels of adult P. chrysocephala and three different immi-
gration dates were artificially established in autumn: in 

early September, mid-September or end of September/early 
October, 6.7, 13.3, and 20 beetles per  m2, respectively, were 
released into field cages, which were positioned in a rand-
omized block design with five replicates per treatment (As 
a treatment, each beetle density/release date and the check 
are considered). In each block, one control net cage was 
installed without beetles (check).

The crop was sown on 26.08.2015, 23.08.2016, and 
30.08.2017, respectively. A hybrid cultivar (`Avatar`) 
treated with the fungicides TMTD and DMM (Thiram and 
Dimethomorph 4 g + 10 g (ai)/kg seed) was used. Row width 
was 12 cm, with a plant density of 55 plants/m2 envisaged.

Net cages (net 1.5 × 2 m, 45 cm high) were built-up of 
nets (mesh size 1.3 × 1.3 mm) with a zip opening to allow 
sampling (Fig. 1). The net was supported by using three 
flexible plastic sticks per cage, and the outer 30 cm of the 
net was covered with soil. The cages were established before 
emergence of the crop, after application of the herbicide 
Butisan Gold (2.5 l/ha) (Metazachlor, Dimethenamid and 
Quinmerac (500 + 250 + 500 g (ai)/ha). The net cages were 
removed in spring at stem elongation of the plants to allow 
further crop development. For maintenance of the crop until 
harvest, infestation by spring pests was monitored using yel-
low water traps. When the damage threshold for stem wee-
vils (Ceutorhynchus pallidactylus (Mrsh.), Ceutorhynchus 
napi Gyll.) and pollen beetle (Brassicogethes aeneus (F.)) 
was exceeded, insecticides were only applied around/outside 
the plots to reduce the pest pressure and avoid a high infesta-
tion of the plots.

The adult cabbage stem flea beetles needed for the experi-
ments for release into net cages each year were collected 
from winter oilseed rape fields near Braunschweig during 
the  1st week of July, right after their emergence, by using a 
converted leaf blower (Fa. Stihl). For aestivation, the beetles 
were kept in net cages (60 × 60 × 60 cm) (Fa. BugDorm) 
equipped with a potted winter oilseed plant, a pile of peat 

Fig. 1  Left: Aerial picture of trial site at Braunschweig, Germany. Right: Net cages on the field site
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and empty plastic pots as shelter according to Schulz (1983). 
These net cages were placed at a shady place in a forest. If 
necessary, the peat was moistened with water. At the end of 
July, when the beetles reduce their activity, the cages were 
transferred into climate chambers at 12–15 °C and a photo-
period of 14: 10 (L: D) to slow down the activity. The bee-
tles were subdivided into three different groups for the three 
releasing periods. 14 days before release into field cages, 
each group was exposed to 12 °C and a photoperiod of 12: 
12 (L: D) to stimulate oviposition.

One day before release of beetles, the sex was determined 
based on the tarsal morphology described by Kaufmann 
(1941) and beetles were sorted in groups of 20, 40 and 60 
beetles per cage (sex ratio 1: 1). Release dates are presented 
in Tab 1.

The number of emerged plants per net cage was counted 
at the end of September and end of March in each season 
(2015/16: [23.09.15] BBCH 13 & [24.03.16] BBCH 51; 
2016/17: [21.09.16] BBCH 13–14 and [24.03.17] BBCH 
33; 2017/18: [23.09.17] BBCH 14 and [21.03.18] BBCH 
33). The difference between plant numbers in autumn and 
spring was used for calculation of winter losses, considering 
the destructive sampling of 10 plants per  m2 in all cages for 
larval assessments.

Feeding damage by adult beetles was assessed at three 
occasions in September. The percentage of damaged leaf 
area was visually estimated on 30 plants per cage.

The number of P. chrysocephala larvae per plant was 
counted at three different dates (end of November, January, 
and end of March) by destructive sampling of ten plants 
from each cage. Plants were stored at 3 °C without light 
until dissection in the laboratory. Maximal storage time was 
7 days. Shoots and petioles of each plant were dissected 
under a binocular using a scalpel and the number of larvae 
was counted.

At harvest time, all plants of each cage were sampled and 
threshed separately. All seed samples had the same moisture 
when the weight was measured.

In parallel with the net cage experiments, the oviposition 
activity of the beetles was determined in 2016/17 and 2017/18. 

Seven and ten Bellaplast plastic boxes (17.0 × 12.1 × 6.4 cm), 
respectively, were set up in the area of the cage trial at each of 
the three beetle releasing dates. Each box was supplied with 
one pair of aestivated cabbage stem flea beetles, moist filter 
paper and one leaf of winter oilseed rape as food. The boxes 
were closed with a clear plastic lid. They were placed next to 
the net cages and sunk into the soil that only the top was vis-
ible. During wintertime they were covered with branches of 
spruce to simulate the natural cover by oilseed rape canopy. 
The number of deposited eggs (mainly on the moist filter 
paper) was checked weekly and food was renewed if necessary.

Weather conditions were recorded around 200 m next to 
the field site and expressed in temperature sums (°Cd) (2 m 
height).

Statistics

The statistical software R (2015) was used to evaluate the 
data (The R Development Core Team 2015). For the data 
evaluation of the semi-field net cage trials, an appropriate 
statistical mixed model (package lme () (Laird and Ware 
1982)) was defined for metric data and a generalized mixed 
model (package glmmpql ()) (Schall 1991) for count data. 
The data were assumed to follow a normal distribution and 
to be homo/heteroscedastic. These assumptions are based 
on a graphical residual analysis. The full statistical model 
included the beetle density (6.7, 13.3, 20), the releasing date 
(Early, Mid, Late) and the year (2015/16, 2016/17, 2017/18), 
as well as all their interaction terms (two-fold and three-fold) 
as fixed effects. Blocks and the plots, nested in blocks were 
regarded as random factors. The optimal model was chosen 
by backward elimination of the full model with the help of 
the Akaike information criterion (AIC) (Zuur et al. 2009). 
An analysis of variance (ANOVA) was conducted, followed 
by a multiple contrast tests using the package multcomp. 
Estimated marginal means and post hoc tests for pairwise 
comparisons at an alpha level of 0.05 with p value adjust-
ment by the Tukey method were executed. The correlation 
and coefficient of determination (R2) between the number 
of larvae/plant and the number of larvae/m2 were calculated 
using MS Excel 2018.

The data of the oviposition trials were analyzed by a lin-
ear model including the cumulative sum of eggs per female 
as target variable and the release date as explanatory vari-
able. Before, data were checked for normal distribution and 
homo/heteroscedasticity.

Results

The weather conditions differed widely between years. In 
2015/16, the temperature in autumn was low, but the win-
ter conditions were mild compared to the following years 

Table 1  Release dates of adult Psylliodes chrysocephala and BBCH 
growth stage of winter oilseed rape in 2015/16–2017/18 in net cage 
trials at Braunschweig, Germany

Release date

Date 2015 2016 2017

Early BBCH 11–12 
(11.09.15)

BBCH 10–12 
(05.09.16)

BBCH 11
(08.09.17)

Mid BBCH 13
(21.09.15)

BBCH 13
(19.09.16)

BBCH 13–14
(22.09.17)

Late BBCH 14–15 
(30.09.15)

BBCH 14–16
(04.10.16)

BBCH 14
(05.10.17)
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(Table 2). The highest accumulated temperature sum was in 
September 2016/17.

The level of damaged leaf area was generally low and 
never exceeded an average of 10%; there was no difference 
between treatments.

In 2015/16 and 2016/17, oviposition was rare before 
onset of October and the peak of egg deposition was found 
during October (Fig. 2). During winter (Dec–Feb), oviposi-
tion was on a very low level, but increased again in spring, 
with lower numbers of eggs compared to autumn. Beetles 
released in early September laid clearly more eggs than bee-
tles released in early October, but the total number of eggs 
laid was not significantly different between release dates; 
this was due to the very heterogenic fecundity (Fig. 3). The 
differences caused by different release dates were larger in 
2016/17 (97 eggs/female when released early September and 
44 early October) compared to 2017/18 (118 eggs/female 

early September and 97 early October). The highest number 
of eggs for an individual female was 270. Egg laying was 
observed until May–June in both years.

The number of larvae increased in all treatments between 
the sampling dates in November and January (Fig. 4, 5 and 
6). Especially in 2015/16, an increase in larval abundance 
during the winter was remarkable. On the first sampling date 
in 2016/17, the number of larvae was higher than in 2015/16. 
The early release of beetles led to more larvae in all years in 
comparison with later released beetles. 

The German damage threshold of 4 larvae per plant was 
only exceeded in treatments with 13.3 or 20 beetles per  m2 
when released at the1st and 2nd date (until mid-September). 
Later released beetles only reached the larval threshold in 
treatments with a density 20 beetles/m2.

When released in early September one female lead in 
total to 22.0 (± 1.7 SE) and 25.1 (± 1.7 SE) larvae at 1st 

Table 2  Temperature sums (°Cd) (2 m hight) in September–April at the trial site Braunschweig, Germany 2015/16, 2016/17 and 2017/18. (For 
detailed wheater data see Conrad (2019))

Sept Oct Nov Dec Jan Feb Mar Apr

2015/16 388.6 266.6 257.1 254.1 88.7 110.2 151.1 259.0
2016/17 540.8 287.3 137.7 118.7 26.7 106.0 257.4 236.8
2017/18 409.1 377.2 180.6 133.7 125.4 14.2 118.9 394.9

Fig. 2  a 2016/17 Egg deposi-
tion of Psylliodes chrysocephala 
(eggs/female + SE) in boxes 
exposed at three release dates 
(black 05.09., grey, 19.09; light 
grey 04.10) each 7 replicates, 
Braunschweig, Germany. b 
2017/18 Egg deposition (eggs/
female + SE) in boxes exposed 
at three release dates (black 
08.09..; grey, 22.09.; light 
grey 05.10. each 10 replicates, 
Braunschweig, Germany
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and 3rd sampling date in the average of the 3 years. When 
released mid of September 11.6 (± 2.8 SE) and 19.8 (± 2.1 
SE) larvae and at release in early October 1.9 (± 0.2 SE) 
and 13.0 (± 3.0 SE) larvae in total.

For the 1st and 3rd assessment date, calculated number 
of larvae per  m2 showed almost the same tendency as the 
number of larvae per plant (for the 2nd assessment date, 

this calculation was not possible because a plant count was 
not carried out).

The increase in larvae/plant between different beetle 
densities was almost linear (p = 0.015) (Fig. 7). The graph 
only shows the 2nd assessment date because the number of 
larvae before onset of the winter is crucially for the damage 
potential of this pest.

Plant density was almost equal in autumn in all years and 
ranged between 29 and 39 plants. No significant plant losses 
compared to the check were assessed. Significant plant 
losses during winter only occurred in 2016/17 and 2017/18 
in treatments with early (early release date) and high beetle 
infestation (20 and 13 beetles/m2), whereas in 2015/16 no 
winter losses were found (Fig. 8). Significant winter losses 
in 2017/18 were up to 27.1%, which were 10% higher com-
pared to the same treatment in the previous year.

In 2015/16, yields (Table 3) did not differ significantly 
between treatments, while in 2016/17 and 2017/18 the 
early release of high beetle numbers caused a significant 
yield reduction. The highest yield reduction was assessed 
in 2016/17 (25.4%).

Discussion

Following the ban of the neonicotinoid seed treatment in 
the European Union in 2013, emerging crops of oilseed 
rape are no longer protected against the early infestation 
of insect pests by the residual effects of these insecticides. 
As a result, early immigrating adult beetles of Psylliodes 

Fig. 3  Jittert Boxplot (percentiles 25 and 75%) of total number of 
deposited Psylliodes chrysocephala eggs/female at different release 
dates (Early, Mid, Late) in boxes exposed in the field cage trial in 
2016/17 and 2017/18 at Braunschweig, Germany

Fig. 4  Number of Psylliodes chrysocephala larvae/plant and lar-
vae/m2 (± SE) at 1st assessment date: (07.12.2015; BBCH 17–19, 
28.11.2016; BBCH 15–18 and 04.12.2017; BBCH 16–17) in a net 

cage trial at Braunschweig, Germany in 2015/16–2017/18: ANOVA, 
Tukey test (p ≤ 0.05) different letters indicate significant differences at 
three release dates per beetle density
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chrysocephala are not controlled by the insecticidal seed 
treatments and can start feeding and depositing eggs ear-
lier, leading to higher numbers of eggs and larvae and 

higher damage potential. Timing of crop invasion by adults 
is also favored by warm and dry weather conditions. The 
aim of this study was to evaluate the influence of earlier 

Fig. 5  Number of Psylliodes chrysocephala larvae/plant (± SE) at 
2nd assessment date (12.01.2016; BBCH 19, 12.01.2017 BBCH 
17–19 and 15.01.2018; BBCH 19) in a net cage trial at Braunsch-

weig, Germany in 2015/16–2017/18: ANOVA, Tukey test (p ≤ 0.05) 
different letters indicate significant differences at three release dates 
per beetle density

Fig. 6  Number of Psylliodes chrysocephala larvae/plant and lar-
vae per/m2 (± SE) at 3rd assessment date (24.03.2016; BBCH 51, 
17.03.2017; BBCH 31–33 and 21.03.2018; BBCH 30) in a net cage 

trial at Braunschweig, Germany in 2015/16–2017/18: ANOVA, 
Tukey test (p ≤ 0.05) different letters indicate significant differences at 
three release dates per beetle density
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or later immigration of adults into the field, which may 
be caused by different weather or the lack of  insecti-
cidal seed treatment, biology and damage potential of P. 
chrysocephala.

The semi-field experiments demonstrated a major 
impact of the immigration time of adult cabbage stem flea 
beetles into the oilseed rape crop on the development of 
eggs and larvae and the level of plant infestation by this 
pest. The start of crop colonization was simulated by dif-
ferent dates of release of beetles into net cages in oilseed 
rape plots. The results indicate that the development of P. 
chrysocephala in autumn is strongly depending on ambient 
temperatures, which was shown by the different releas-
ing dates and the associated temperature sums. Effects of 

ambient temperatures on P. chrysocephala have also been 
reported by Schulz (1983), Johnen (2009) and Mathiasen 
et al. (2015b).

The results of these semi-field experiments were con-
firmed by results of a corresponding field experiments which 
were carried out during the same years in open field condi-
tions near the trial area. These trials were conducted within 
the same project and targeted to answer the same questions 
(for more information see Conrad 2019). These open field 
insecticide efficacy trials and similar net cage trials showed 
that the results of the net cage experiments are applicable 
also for open field conditions, although it can be assumed 
that there are small deviations from the open field conditions 
caused by a different microclimate within the net cages.

According to Johnen and Meier (2000), the beginning 
and period of peak oviposition is important for subsequent 
plant infestation by P. chrysocephalla. In our experiments, 
egg deposition by early released females started earlier com-
pared to beetles released in October. However, even at early 
release dates the main egg-laying period did not start before 
end of September. This was shown for the first time in our 
experiments. Taking into account a beginning of oviposi-
tion in October, the temperature sum of 200°Cd (calculated 
using a base temperature of 4 °C (Johnen and Meier (2000)) 
required for the embryonic development of eggs in October 
and November was reached in most years not before end of 
October/beginning of November. The egg laying decreased 
strongly during wintertime (December to end of February). 
Considering this, the temperature regime from immigration 
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Fig. 7  Relation between beetle density/m2 and larvae per plant over 
all years before onset of the winter (2nd assessment date) in the three 
year experiment 2015–2018 at Braunschweig, Germany

Fig. 8  Plant losses during winter (%) in net cage trials at Braunschweig, Germany in 2015/16–2017/18. (Different letters indicate significant dif-
ferences between all treatemnts per year; ANOVA, Tukey test (p ≤ 0.05))



1088 Journal of Plant Diseases and Protection (2021) 128:1081–1090

1 3

until beginning of December is a key factor for the damage 
potential of P. chrysocephala. Consequently, regions with 
mild autumn conditions (e.g. Northern Germany or UK) are 
at higher risk for crop damage caused by P. chrysocephala. 
On the other hand, plant compensation for damage by adult 
and larval feeding is higher in regions with mild winter con-
ditions (Godan 1950).

Mild autumn conditions in combination with a warm win-
ter allowed females to lay eggs until May/June. This leads to 
a high reproduction rate with abundant offspring, whereas 
very low temperatures in winter cause a high mortality of 
adults as well as larvae, resulting in few offspring per female 
(Godan 1948, 1951b). In our experiments, winter conditions 
were not sufficiently hard to kill larvae or adults in contrast 
to findings of Godan (1948). It can be concluded that autumn 
and winter conditions can be used to predict years with low 
or high risk of cabbage stem flea beetle infestation in future. 

This was also suggested by Mathiasen et al. (2015a), Johnen 
and Meier (2000) and Schulz (1983).

Different temperature regimes in the three years of study 
showed clear effects on the abundance of larvae, which was 
linked to the respective temperature sums. At higher tem-
peratures in the year 2015/16, both the higher number of 
larvae per plant and the advanced larval instars before winter 
resulted in an increased risk of plant damage (for detailed 
larval age structure see Conrad 2019). Larvae of the 2nd and 
3rd instar tend to consume more plant tissue compared to 
the 1st instar larvae, resulting in a higher damage potential. 
If the larval tunnelling within petioles and stems is severe, 
frost temperatures during winter can cause abundant freez-
ing-off of leaves, which forces the larvae to move into the 
vegetation point where they find better shelter (Godan 1948, 
1951b). This can lead to increased plant mortality as found 
in 2015/16 and 2016/17.

Table 3  Yield (kg/ha) in net 
cage trials at Braunschweig, 
Germany in 2015/16–2017/18. 
(Different letters indicate 
significant differences between 
all treatments for each year. 
ANOVA, Tukey test (p ≤ 0,05))

Beetle density 
per  m2

Release date Yield (kg/ha) (± SE) Difference Difference 
to check 
(%)

2015/16 Check 3174.0 ± 27.1 a
6.7 Early 3037.3 ± 58.5 a − 4.3

Mid 3212.7 ± 21.5 a 1.2
Late 3128.7 ± 90.7 a − 1.4

13.3 Early 3077.3 ± 57.1 a 0
Mid 3294.7 ± 38.2 a 3.8
Late 3233.3 ± 72.6 a 1.9

20 Early 2970.7 ± 31.5 a − 6.4
Mid 2968.0 ± 297 a − 6.5
Late 3116.7 ± 72.1 a − 1.8

2016/17 Check 3787.0 ± 86.8 a
6.7 Early 3864.7 ± 18.6 a 2.1

Mid 3730.9 ± 82.9 a − 1.5
Late 3657.2 ± 137 a − 3.4

13.3 Early 3356.4 ± 05.6 b − 11.4
Mid 3833.9 ± 28.4 a 1.2
Late 3930.9 ± 29.6 a 3.8

20 Early 2825.6 ± 26.5 b − 25.4
Mid 3566.5 ± 07.7 a − 5.8
Late 3862.3 ± 81.9 a 2

2017/18 Check 3298.7 ± 62.9 a
6.7 Early 3272.6 ± 64.5 a − 0.8

Mid 3275.7 ± 98.3 a − 0.7
Late 3258.1 ± 24.5 a − 1.2

13.3 Early 3059.5 ± 71.4 a − 7.3
Mid 3246.1 ± 29.3 a − 1.6
Late 3425.5 ± 04.0 a 3.8

20 Early 2922.4 ± 34.3 a  − 11.4
Mid 2919.3 ± 74.5 a − 11.5
Late 3348.3 ± 74.1 a 1.5
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In integrated pest management systems, the application 
of damage thresholds is indispensable (Nilsson et al. 2015; 
Hoßfeld 1993). For cabbage stem flea beetle, a threshold 
based on the number of adult beetles per  m2 might be used 
to avoid critical infestation levels of more than 4 larvae per 
plant before winter. In commercial crops of oilseed rape, 
Conrad (2019) found a high correlation between the bee-
tle density per  m2 and yellow water trap catches (r = 82%) 
but this was not significant. Our experiments have shown, 
that up to a density of 13 beetles/m2 no insecticide treatment 
is required if adult immigration started before the 20th of 
September. A treatment would have been only necessary, 
when more than 13 beetles/m2 were present in the field. If 
immigration started after the 20th September, the threshold 
would go up to 20 beetles/m2. A correlation between yellow 
water trap catches and larval density was shown by Green 
(2008) and Conrad (2019). These findings can be used for a 
more targeted insecticide application and control of adult P. 
chrysocephala, to avoid larval damage. Conrad et al. (2018) 
have demonstrated in three year field trials, that spraying 
of a pyrethroid insecticide (Karate Zeon, active ingredient 
lambda-Cyhalothrin) in early October, following the main 
immigration and before the main egg-laying period, signifi-
cantly reduced the number of larvae. This was also found in 
field trial at Braunschweig by Büchs (1992). Under climatic 
conditions in Northern Germany, insecticide applications for 
control of leaf damage by adult feeding are usually only nec-
essary under unfavorable growing conditions, with delayed 
emergence (e.g. under dry conditions) and low plant density 
(Godan, 1948, 1951b). In all three years of this study, the 
level of leaf feeding damage by adult flea beetles was very 
low in the net cages as well as in the surrounding oilseed 
rape fields (Conrad 2019). This supports the finding of this 
study that only one late insecticide treatment which is tar-
geted to control the adults and indirectly also the number 
of eggs and larvae, usually provides sufficient control of 
cabbage stem flea beetle.

In Germany, a threshold of 3–5 larvae per plant is recom-
mended for the larval infestation of P. chrysocephala (Godan 
1950; Schulz 1983). This is in line with findings of the pre-
sent study. In our experiments in the year 2015/16, a larval 
density of 4 larvae per plant already caused a decrease in 
seed yield of about 5% (not significant) when the following 
winter was cold. As a sound prediction of the temperatures 
in the following winter in autumn is not possible, insecti-
cide treatments to control larval damage by P. chrysocephala 
must be done proactive. This study provided evidence that 
the damage threshold established in the past still fits for 
today’s growing system.

This study has clearly demonstrated that the cabbage stem 
flea beetle is a serious pest of oilseed rape, which can cause 
significant yield losses. We found that the level of yield loss 
is highly correlated with the hardiness of the winter and the 

immigration time of adults in autumn. High larval numbers 
resulting from early and high levels of beetle infestation fol-
lowed by cold winter conditions may lead to plant and yield 
losses, whereas a high larval infestation followed by mild 
winter conditions does not inevitable lead to yield losses 
(see trial of year 2015/16). Our results show that the ban of 
the neonicotinoid seed treatment can increase the damage 
risk of P. chrysocephala by making an earlier plant infesta-
tion possible. The very long period of egg laying following 
mild winter conditions observed in this study may be an 
important reason for high population densities of this pest 
in many oilseed rape growing regions in Europe in recent 
years. This is particularly the case when beetle populations 
cannot be controlled by insecticidal seed treatments and the 
alternatively applied insecticidal pyrethroid sprays show 
only a reduced efficacy due to build-up of pyrethroid resist-
ance in the P. chrysocephala population.
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