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Kairomone-assisted trap cropping for
protecting spring oilseed rape (Brassica napus)
from pollen beetles (Coleoptera: Nitidulidae)

Gunda Théming,®” © Knut A Solhaug® and Hans R Norli?

Abstract

BACKGROUND: Pollen beetles are key pests in oilseed rape (OSR) production. These beetles use visual and olfactory cues to
locate their host plants at specific phenological stages, hence trap cropping may represent an alternative pest control strategy.
In this study, a trap crop strategy for spring OSR was developed. To elaborate such a trap cropping system, a pest control mea-
sure that eradicates the attracted beetles in the trap crop before they migrate further into the main crop was included in the
final trap cropping strategy.

RESULTS: Testing yellow-flowering turnip rape and one yellow- and two cream-coloured flowering OSR cultivars as potential
crops in different trap cropping strategies, we found that pollen beetles clearly preferred turnip rape over the cream-coloured
and yellow OSR cultivars, and preferred the yellow OSR cultivar over the two cream-coloured cultivars. This behaviour was
related to the plant growth stage and associated volatile and colour signals of the tested cultivars. Using turnip rape as a trap
crop and testing kairomone- or insecticide-assisted trap cropping as the pest control strategy was as effective as compared with
whole fields treated with a standard pesticide.

CONCLUSION: Combining a turnip rape cultivar as trap crop with kairomone traps placed in the trap crop as a killing agent may
enable renunciation of pesticides in spring OSR production.
© 2020 The Authors. Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.
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1 INTRODUCTION

Oilseed rape (OSR) Brassica napus L. (Brassicaceae) is a key crop in
arable systems in temperate regions, and its production has risen
significantly over past decades."? In Europe, mostly winter OSR is
cultivated, whereas in Norway, 87% of the OSR production is
spring OSR, and only 13% is winter OSR. In the northern margin
of OSR cultivation areas, OSR is of increasing interest, due to its
value in crop rotation enabling more diverse cropping systems.>*
The major pests in OSR are pollen beetles, Brassicogethes spp. Ste-
phens (Coleoptera: Nitidulidae, previously Meligethes spp.).> These
beetles locate their host plants using visual and olfactory cues,
which comprise the yellow colour of the buds and flowers, and
volatiles mainly noted as floral and crucifer-specific com-
pounds.>® Females lay their eggs in the flower buds, and both
adults and larvae feed on the pollen. Oviposition and feeding
leads to bud abscission. Yield reduction of > 50% has been
reported.>® Currently, insecticides are used to control pollen bee-
tles, these pests have been observed to develop resistance to
insecticides, and thus demand for alternative pest control strate-
gies is increasing.'*'3

Trap cropping is a traditional tool in plant protection that has
received increasing attention in recent years,'*"” also in OSR
production.®'®22 The use of trap crops in pest management
can reduce the need for insecticides and in rare cases may even
enable a renunciation of pesticides, although few trap cropping

strategies have been successful so far.'"® Numerous studies have
explored the mechanisms underlying the success of a trap crop-
ping strategy in protecting OSR against the pollen beetle Brassico-
gethes aeneus Fabricius.”2'®223! Early flowering turnip rape
(Brassica rapa L.) appears to be a promising trap crop in OSR pro-
duction due to its early flowering character and highly attractive
visual and olfactory cues.®?23233 Several assessments using live
OSR plants or artificial substrates have compared the attractive-
ness of different colours to the pollen beetle, although results
have varied.26*%** However, it has been suggested that a trap
crop system with late cream-coloured-flowering B. napus plants
as the main crop and early yellow-flowering B. napus as a trap crop
may reduce pollen beetle populations in the main crop.®

Both B. rapa and B. napus are host plants for pollen beetles and
are not dead-end trap crops (‘plants that are highly attractive to
insects but on which they or their offspring cannot survive’®).
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To improve such trap crop systems, an effective killing agent that
can eradicate the attracted beetles in the trap crop before they
can migrate further into the main crop can be included. For that
purpose, synthetic toxicant insecticides can be used to reduce
the pest pressure in the trap crop before the pest insects move
into the main crop. Additionally, natural enemies of the pest
insects can be attracted to or used in combination with the trap
crop.'®"” Another option is semiochemical-assisted trap crop-
ping, which entails ‘trap crops whose attractiveness is enhanced
by application of semiochemicals or regular crops that can act
as trap crops after application of semiochemicals’.'®**7” Semio-
chemicals are chemical signals for the purpose of communication
between individuals of the same species (intraspecific; phero-
mones) or between different species (interspecific; allelochem-
icals).'”” Mauchline et al” reviewed possible semiochemical-based
alternatives to insecticides for pollen beetle management, consider-
ing the semiochemical-mediated impact on behaviour of pollen
beetles throughout their entire life cycle.

Based on the above-mentioned knowledge in this area, our aim
was to develop a trap crop strategy for spring OSR production that
can be successful in applied pest management. To improve the
trap cropping system, we combined a trap crop with a killing
agent to reduce the pest population in the trap crop, thereby cre-
ating a novel trap-and-kill-strategy which is resilient and effective
against pollen beetles.

2 MATERIAL AND METHODS

2.1 Insects

Naturally occurring pollen beetle populations were assessed in
our experiments. We identified pollen beetle species that
occurred in the experimental locations and near the OSR produc-
tion areas by collecting pollen beetles from B. napus crops in the
experimental field station in As in Akershus County and at four dif-
ferent locations in OSR production areas in Akershus County
(Krdkstad) and @stfold County (Askim, Rakkestad, Sarpsborg) in
east Norway, in 2015. At each location, samples of pollen beetles
were collected from at least 50 randomly selected plants by beat-
ing each plant on a tray to dislodge the insects.>® Beetles were
transferred to the laboratory and identified taxonomically using
a binocular microscope,®® which revealed the co-occurrence of
five different species of the subfamily Meligethinae (Coleoptera:
Nitidulidae) in all five sampling areas. In this species complex,
B. aeneus predominated (60-91%) followed by B. viridescens Fab-
ricius (8-23%) and B. coeruleovirens Forster (5-16%); only small
numbers of B. subaeneus Sturm (0-4%) and Astylogethes subrugo-
sus Gyllenhal (0-2%) were found. This species composition is con-
sidered when pollen beetles are mentioned in this study.

2.2 Plants

Yellow-flowered OSR (B. napus cv. Majong), cream-coloured OSR
(B. napus cv. Lyside and cv. Silver Shadow), and yellow turnip rape
(B. rapa cv. Valo) were used in the experiments. These cultivars
were selected because they grow well under northern conditions.
When growing OSR crops in Norway, yield and oil content are
essential aspects, although early establishment of the plants can
be regarded as the most important criterion for successful cultiva-
tion. A cultivar screening trial focused on suitability for cultivation
of OSR in Norway was conducted in east Norway.*® This showed
lower yield for the two cream-coloured-flowering cultivars Lyside
and Silver Shadow (26.5 and 27.1 dt ha™', respectively) compared
with well-established cultivars such as Majong (32.4 dt ha™"). That

screening also found late establishment of cv. Silver Shadow and
particularly cv. Lyside compared with all yellow-flowering culti-
vars tested.*®

For the odour and spectral reflectance analyses, all four cultivars
were sown in pots (20 cm diameter, three plants/pot) in commer-
cial substrate (Go'jord, Degernes Vekstjord, Degernes
Torvstrefabrikk, Degernes, Norway) and cultivated in a polycar-
bonate greenhouse (20 + 2 °C, 68% relative humidity, 16:8 light/
dark photoperiod, cultivation period March-May). Cultivars were
arranged in discrete blocks in the greenhouse during growth.
Whenever the photosynthetic photon flux in the greenhouse fell
below ~ 150 pmol m™ s™' (as on cloudy days), artificial light
was automatically added by high-pressure metal-halide lamps
(HPI-T Plus 400 W/645). Plants were used for analysis when they
reached one of the following stages on the BBCH scale: 29 (forma-
tion of side shoots), 52 (green bud) or 65 (full flower).*'

2.3 Odour analysis

Volatiles were collected from whole cut plants in the following
phenological stages: BBCH 29 (n = 4 Valo, n = 4 Majong, n = 4
Lyside and n = 4 Silver Shadow), BBCH 52 (n =6 Valo, n =4
Majong, n =4 Lyside and n =4 Silver Shadow), and BBCH
65 (n =8 Valo, n =4 Majong, n =4 Lyside and n =4 Silver
Shadow). Headspace collection and chemical analyses were per-
formed according to previously reported protocols.*? The plant
material was placed in a 2000-mL glass jar closed with a ground
glass fitting. Charcoal-filtered air was pushed through the jar
(220 mL min~") and then through a Porapak filter (35 mg adsor-
bent, 80/100 mesh; Alltech, Deerfield, IL, USA). Filters were rinsed
sequentially with 6 mL hexane, 6 mL methanol, and an additional
6 mL hexane, and dried at room temperature before use. Head-
space collection was done for 3 h at 18 + 2 °C. Volatile com-
pounds were desorbed from the filter by rinsing with 0.3 mL
hexane. To each sample, 500 ng heptyl acetate and 500 ng unde-
cyl acetate were added as internal standards. Samples were
crimp-capped and stored at —80 °C pending further analysis.
Chemical analyses were carried out on an Agilent 6890 N gas
chromatograph connected to an Agilent 5973 mass spectrometer,
using an autosampler. The chromatograph was operated in split-
less mode at 250 °C with an injection volume of 1 pL. A fused silica
Agilent J & W Scientific DB-Wax separation column (Agilent Tech-
nologies, Santa Clara, CA, USA; 30 m long, internal diameter of
0.25 mm, 0.25 pm film thickness), was used, and a 2.5-m methyl-
deactivated precolumn (Varian Inc., Lake Forest, CA, USA) with
the same internal diameter was connected to the analytical col-
umn via a press-fit connector (BGB Analytik AG, Boeckten,
Switzerland). After injection of a sample, the temperature was
held at 40 °C for 2 min and subsequently raised 6.9 °C min™"' to
160 °C and then 21.5 °C min~" to 250 °C. Thereafter, the temper-
ature was held constant at 250 °C for 3.6 min. The total running
time was 27.18 min. *

Identification and quantification of volatile compounds were
achieved by combined gas chromatography and mass spectrom-
etry (GC-MS).** Volatile compounds were identified using Decon-
volution Reporting Software (DRS, ver. A.03.0.84; Agilent
Technologies), which combines automatic MS deconvolution
and identification software (AMDIS version 2.71, NIST) with an
MS library (NISTO5 database) and GC-MS software (ChemStation
ver. D.03.00) (Agilent Technologies). The AMDIS database con-
tained 1279 volatile compounds, 277 of which connected to
Kovats retention indices.** To obtain comparable retention times
for all samples, retention time was locked and referenced
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according to the internal standard heptyl acetate at 10.75 min
using the ChemStation retention time-locking program. Peaks
present in the chromatogram but not identified by the DRS were
interpreted manually using the NISTO5 database. To ensure reli-
able identification, a match factor of = 70 was employed.** Iden-
tification of compounds was verified by comparing mass spectra
and Kovats indices with those obtained for synthetic standards
on the same column. Relative amounts of identified compounds
were calculated by dividing the peak area (from the total ion chro-
matogram) by the area of the internal standard heptyl acetate.
The compounds were acquired as standards from Aldrich (Oslo,
Norway), Fluka (Munich, Germany) and Chiron AS (Trondheim,
Norway).

2.4 Reflectance analysis

Petals (BBCH 65) were removed carefully from plants of each of
the four cultivars immediately before the analyses. Reflectance
spectra of a single petal were measured with the petal fixed in
position with forceps at the port of an integrating sphere (ISP-
50-RE FL, Ocean Optics, Dunedin, FL, USA). The integrating sphere
was connected with a 400-um fibre to an Ocean Optics SD 2000
diode array spectrometer. Reflectance spectra (300-1000 nm)
were measured by illuminating the sample with visible and UV
light from a DH 2000 deuterium/halogen light source (Ocean
Optics) with a 600-pum fibre connected to the collimating lens on
the sphere. Reference reflectance spectra were recorded with a
reflectance standard (WS-2, Ocean Optics).

2.5 Experiment 1

A preference experiment was designed to provide pollen beetles
with a relatively natural situation under field conditions that offered
a choice between different cultivars of B. rapa and B. napus. The cul-
tivars were sown at the same time and thus exposed beetles to the
different phenological stages of the plants and their corresponding
volatile and visual cues. The preference of pollen beetles for yellow
(cv. Majong) and cream-coloured (cv. Lyside and cv. Silver Shadow)
OSR or yellow turnip rape (cv. Valo) was tested at the experimental
field station in As, Akershus, east Norway, in 2015. The four cultivars
were grown in replicated plots (three of each type) in a randomized
block design: the size of each plot was 1.2 X 7 m, with a distance of
0.5 m between plots and 2 m between blocks. All plots were sown
on 17 April 2015 at a density of 200 seeds m~ for OSR and
400 seeds m™2 for turnip rape, which are seed rates according to
farmers practice.

The colonisation preference of adult pollen beetles and the
BBCH stage were assessed weekly in each plot. The number of
beetles per plant was determined by the beating method for
15 randomly selected plants per plot.3®

2.6 Experiment 2

Based on the results from the odour and reflectance analyses and
Experiment 1, two trap crop systems for pollen beetle manage-
ment were designed to be tested in Experiment 2: yellow OSR
cv. Majong with the early flowering yellow turnip rape cv. Valo
as trap crop, and cream-coloured OSR cv. Silver Shadow with yel-
low OSR cv. Majong as trap crop. To select the best trap crop sys-
tem for Norwegian conditions, we conducted a field experiment
in 2017, which was replicated three times at different locations
in the counties Akershus and @stfold in east Norway. At each loca-
tion, an experimental field was established with one treatment
plot per field of the following four treatments: (i) yellow-flowering
OSR cv. Majong without trap crop (Y-OSR); (i) yellow-flowering

OSR cv. Majong with yellow-flowering turnip rape cv. Valo as trap
crop (Y-OSR-TC); (iii) cream-coloured-flowering OSR cv. Silver
Shadow without a trap crop (C-OSR); and (iv) cream-coloured-
flowering OSR cv. Silver Shadow with yellow-flowering OSR
cv. Majong as trap crop (C-OSR-TC). The C-OSR-TC treatment
was based on what is called the Flower Power System®, a cultiva-
tion method for OSR using a white flowering OSR variety as main
crop and a yellow flowering variety as trap crop (developed by
Knold & Top ApS, Odder, Denmark). Each plot was 40 x 40 m, with
at least 200 m between plots, and the plots were surrounded by
cereals (wheat or barley). In the plots with trap crops, the main
crop was 38 X 38 m and was surrounded by a 2-m wide border
of trap crop (i.e. the total area of each plot was 40 x 40 m; Fig. S1).
According to farming practice, the OSR and turnip rape were
sown at densities of 200 and 400 seeds m™2, respectively, on
21 April 2017. Colonisation by adult pollen beetles and BBCH
stage were assessed weekly in each plot. The number of beetles
per plant was recorded for nine sampling points in the main crop
(i.e. the inner 38 x 38 m) and eight sampling points in the trap
crop (i.e. the surrounding 2-m wide border) (Fig. S1). Three plants
were selected randomly at each sampling point, and beetles were
captured, counted and recorded as described above.

2.7 Experiment 3

Based on the results of Experiment 2, yellow-flowering OSR
(cv. Majong) as a main crop together with early flowering yellow
turnip rape (cv. Valo) as trap crop appeared to be the best trap
crop system for further study in Experiment 3. As pest control
measures for the final trap crop strategy, we tested a synthetic
insecticide and a semiochemical-based approach using kairo-
mone traps. As a control, we used a plot sown with OSR
(cv. Majong) but without a trap crop and treated only with syn-
thetic insecticides according to the farmers' common practice.
As insecticide treatment, Steward® (active ingredient indoxacarb)
was used. For the semiochemical-based approach, we employed
CSALOMON?® VARb3z + kairomone traps (Csalomon, Plant Protec-
tion Institute, MTA ATK, Budapest, Hungary) with sticky liners at
the inlets. These traps contained a three-component blend of
the synthetic floral volatile compounds (E)-anethol, (E)-cinnamyl
alcohol and (E)-cinnamaldehyde combined with fluorescent yel-
low visual stimuli in a funnel trap designed for monitoring pur-
poses.*® Preliminary studies have shown that these volatile food
signals are more effective in attracting pollen beetles than OSR-
specific volatile compounds.*® Pollinating insects were excluded
from trap catches by use of a bee screen.

Experiment 3 was carried out in 2018 and comprised one treat-
ment plot per field of the following three treatments: (i) yellow-
flowering OSR cv. Majong without a trap crop and treated with
synthetic insecticide (as a control, C); (ii) yellow-flowering OSR
cv. Majong with early flowering yellow turnip rape cv. Valo as trap
crop and with insecticide treatment of the trap crop only (TC-l);
and (iii) yellow-flowering OSR cv. Majong with early flowering yel-
low turnip rape cv. Valo as trap crop and kairomone traps placed
in the trap crop (TC-K). This field experiment was replicated three
times at different locations in Akershus and @stfold counties. Each
experimental field had an area of ~ 4 ha and had forest on one or
two sides, and grassland on two or three sides. Each plot was
40 x 40 m and was surrounded by cereals (wheat, barley, or oats),
and there was at least 250 m between the plots without kairo-
mone treatment and > 500 m between the plot with the kairo-
mone traps and the other two plots (Fig. S2). As in Experiment
2, when a trap crop was included, it consisted of a 2-m wide
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border that completely surrounded the main crop. The OSR and
z " turnip rape were sown on 26 April 2018 at seed densities
-rgu W o described in Section 2.6. The insecticide Steward® was applied at
S| 2 4H|R alevel of 8.5 g/day on 28 May and 6 June according to the Norwe-
glz&|° gian damage threshold for pollen beetles in OSR, i.e. when obser-
11:3 vations in the crop indicated a mean per plant of > 0.5-1 beetle/
S plant at early bud stage (BBCH 50-52), > 1-2 beetles/plant at mid-
g . A dle bud stage (BBCH 53-55), and > 2-3 beetles/plant at late bud
A ;‘ stage (BBCH 57-59)."**! On 26 May, eight kairomone traps were
§ ° installed in the trap crop (two traps at each side of the plot) at
B the top level of the canopy and adjusted with the height of the
% w growing plants (Fig. S2). The CSALOMON® VARb3z + traps were
o lg 9 designed for monitoring purposes and not for mass trapping, thus
O ® H . . .
g8 we inspected the traps on a daily basis, counted the beetles that
o were caught, and, if necessary, emptied the traps and replaced
olw w S the sticky inlet liners. Odour dispensers were changed every sec-
2| ¢ ‘:I ;' ond week. The number of trapped pollen beetles and the BBCH
gl BRI stage were assessed weekly in each plot, as described for Experi-
3 ment 2.
P -
n <
o wle
2 A 2.8 Statistics
g% +|g .
3las]|3 The number of beetles counted per plant in all three field experi-
o ments (Experiments 1-3) were analysed using a generalised linear
% w mixed model (GLMM) with a negative binominal distribution
Sl|e ‘:L’I (PROC glimmix, SAS 9.4), considering dates of evaluation as a
§ < 3 repeated parameter, using area under the curve (AUC)
< S estimation,*” with the following as fixed factors: treatment (culti-
it 2 var in Experiment 1; treatment in Experiments 2 and 3), block
a-g A \:;l g (blockin Experiment 1; location in Experiments 2 and 3), and inter-
22 O\J;' 2 T action between treatment and block. After establishing the signif-
o) '_; icance of the factor treatment, Tukey's test was used for multiple
E ‘g comparisons between the levels of the factor treatment. To iden-
|, & 5 tify particular time intervals during which treatment effects dif-
813 \’;' g,«g fered, individual GLMMs were used for each date of evaluation.
[2aJrS) . . .
H 2 & A significance level of « = 0.05 was selected in all analyses.
K ‘2
> R
(o
w o =
v =
% 2= “ 3 RESULTS
=< 52 E 3.1 Volatile profiles
X § g s Analysis of volatiles collected from the four tested cultivars during
54 i L2 5 the three tested growth stages, respectively, revealed qualitative
212 4| T o g
>l2=|3 |=% £
. =9
S 25 >
(% © .
Q - -2 < | [V}
I - 25 g =
o, Q © c yside
€| 3 H c £ S —————— Silver Shadow
2125 |23
5 2708 £ s
= [o e o g\/
s w £ = 8
% o4 &5 2 <
388 To & ki 8
° tg % = 5
<o 22 A g 1
S{2a| 88 » B
LIRS [ 2 <
e Nlgg 2 g
o e C ¢
g ] ] (] =
Z g % EE. 8=
< o w has L QN T : T T T
S - iy g8 .é gfw o5 300 400 500 600 700
. S § o| S¢@ é § :‘é § % é Wavelength (nm)
- 9 4 Al Lcovo-=0
% g E § ’2, = g E f“q"_j ) _% g Figure 1. Spectral reflectance of petals of yellow turnip rape cv. Valo, yel-
[ SE|EN|SFS5PES low oilseed rape (OSR) cv. Majong, and cream-coloured OSR cv. Lyside and
cv. Silver Shadow.
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Figure 2. Preference for oilseed rape (OSR) and turnip rape cultivars in
plant colonisation by pollen beetles in the field. Results are shown as
weekly mean number of beetles per plant on (A) yellow turnip rape
cv. Valo, (B) yellow OSR cv. Majong, (C) cream-coloured OSR cv. Lyside,
and (D) cream-coloured OSR cv. Silver Shadow. Phenological plant stages
are indicated as leaf development-stem elongation (white bar), bud
development (grey bar), and flower development (black bar). Differences
(Figure legend continues on next column.)

and quantitative differences between the odour profiles (Table 1).
In total, 19 compounds were identified, the majority of which
were detected during the flowering stage for all cultivars. Consid-
ering the major differences between plants in the flowering and
bud growth stages with regard to the chemical composition of
their odours, the flowering plants showed higher relative amounts
and/or presence of the compounds p-xylene, p-myrcene, Z-
3-hexenol (except OSR cv. Lyside), benzaldehyde, methyl benzoate,
phenylacetaldehyde (except OSR cv. Lyside), (ZE)-a-farnesene
(except OSR cv. Lyside), (E,E)-a-farnesene, methyl salicylate, pheny-
lethyl alcohol (except OSR cv. Lyside), and indole than in the bud
stage (Table 1). Dimethyl disulphide, dimethyl trisulphide and phe-
nethyl isothiocyanate were found mainly in the flowering stage of
the turnip rape cultivar. The analyses also showed dimethyl trisul-
phide in the bud stage of turnip rape and phenethyl isothiocyanate
in the flowering stage of OSR cv. Silver Shadow (Table 1).

3.2 Spectral reflectance

The spectral reflectance of the four tested cultivars differed mark-
edly in both the UV range (300-400 nm) and the visible light range
(400-700 nm) (Fig. 1). The turnip rape cultivar showed very low
reflectance at 300-500 nm (< 5%), and maximum reflectance at
610 nm (44%). The yellow and two cream-coloured OSR cultivars
showed slightly higher reflectance in the UV range (6-11%). In the
blue light range (~ 380-500 nm), both yellow cultivars (turnip rape
and OSR) had a stable and very low (< 5%) reflectance. By contrast,
the two cream-coloured OSR cultivars (Lyside and Silver Shadow)
showed much higher reflectance, which increased from 10% at
400 nm (both cultivars) to 20% (cv. Lyside) and 27% (cv. Silver
Shadow) at 500 nm. In the range 550-700 nm, turnip rape had
the highest reflectance (41-44%), followed by the cream-coloured
OSR cv. Silver Shadow (~ 40%), the yellow OSR cv. Majong
(~ 35%), and the cream-coloured OSR cv. Lyside (~ 27%) (Fig. 1).

3.3 Experiment 1: colonisation preferences between
cultivars

Considering crop development, the turnip rape plants were con-
sistently at a more advanced growth stage than plants of the
three tested OSR cultivars. Furthermore, the plants of the
yellow-flowering OSR cultivar were at a more advanced stage
than the plants of the two cream-coloured-flowering OSR culti-
vars, whereas both of the cream-coloured cultivars showed similar
developmental stages throughout the experimental period
(Fig. 2). The first pollen beetles were found in calendar week
(CW) 24 in the turnip rape cv. Valo (plants in late bud stage, BBCH
55) and yellow-flowering OSR cv. Majong (early bud stage, BBCH
50). Pollen beetles were not found in the two cream-coloured
OSR cultivars Lyside and Silver Shadow until CW 25, when plants
had reached the early bud stage, BBCH 50. Throughout the entire
experimental period, pollen beetles were recorded at higher den-
sities in the turnip rape plots (Fig. 2A) than in any of the OSR plots
(Fig. 2B-D) (F5 168 = 107.94; P < 0.0001). The yellow-flowering OSR
cultivar was more extensively infested than the two cream-
coloured cultivars (F3165 = 107.94; P < 0.0001). Numbers of

(Figure legend continued from previous column.)

between the four cultivars during specific weeks are indicated by lower
case letters; consecutive columns with the same letter within the same cal-
endar week represent values that are not significantly different
(Tukey's test).

wileyonlinelibrary.com/journal/ps

© 2020 The Authors.

Pest Manag Sci 2020; 76: 3253-3263

Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.


http://wileyonlinelibrary.com/journal/ps

www.soci.org

ilseed rape

ing in spring o

Kairomone-assisted trap cropp

*sJ1je)l ploq Ul s419113] dsed Jaddn Ag sp|ay a3 JO JapIog 33 Joj pue sIa3I3| ased Jaddn Aq SpIay SY3 JO 343U Y} J04 PAYedIpUl dle
pouad |eluswdXa J13US SY) JISAO SIUSWIILII] USIMIS] SDUBIDHIQ "SOI[RY PIO] Ul SIS1S| 95eD J1oMO| Aq SPIRY 33 JO J19pI0d 33 10} pUe SIS1S| 95eD J1oMO]| AJ SPISY 31 JO 2J3USD Y3 10§ PSIRDIPUI SJE (SIIM
Jepuajed) s|eAidlul dwi Jejndied HULINP SPIaY 33 JO SYUSWIEI} USDMIC SadUIRYIJ *(AXN]) JudIayip A[3uedyIubis 10U aJe SUWN|OD UIYIIM J9113] Swes a3 Aq PIMO||04 (Judwleasl yoea ul) doid Jad sues|y

1amo|4 Jea MO||9A  Buolepy 4so

png jeo MOJI2A olepA Yl

1amol4

syue|d jo sabeis |esibojouayd

V 900F€69 0 D 9TOFEEL 9 ¥r0F80F D 860FLTLL P vYZ+628 P [S0F8SE 0 suowoiiey D1  MOJ]PA O[_eA dL isplog

V L00F/FL 0 e LLI0OFEE0 e 850FTCy 9 LE0OFH0OT 9 L90F0€E B EL0FLEO 0 dosy  mojpA  Buolep d4so onus) €

g 90F1L/S 0 Db STOF6TL D €0F6T9 9 [LL0FT6E D cl'eEFLLYC D 8S0F6LE 0 9pIdIIsad DL MOJ]PA OleA dl Jopiog

V T00+ceL 0 e TIOF/E0 e 8YOFYO0E dge gyYOFLL'E e LELFI9T9 e €L0FEE0 0 doy  mojjpA  Buoley d4so °4us) ¢

D €00F20€ 0 9 TI0OFSTO b 6/0F+¥S9 b LELF/LL6 9 wo+sy 9 8L0FL90 0 opIdisad doy  mojjpA  Buoley 4so isplog

vV L00FL9L 0 e L'O+GC0 e 950+F¢e6e e 6V0OF/L9t g 990F¥0E € LLO+HFLED 0 opbnisad doiy  mojjpA  buolepy 4SO °nus) L
el a4 9T T4 174 €C [44 LZ unseswjonuod D1/dos)  Unojo)  JeAlnD  Y1/4SO  edlepjald

39aM Jepusje) uswieal|

(3s F ueaw) yuejd/sa199q udjjod Jo JaqWINN

(3uswdojaAap Jamoyy) dde|q pue ‘Quawdojaasp pnq) A216 ‘(uoneb
-UO[ Wa1s—3uaWdo[RAIp Jes|) a1uym ul paredipul ase syueld sy Jo sabeis [edibojousyd buipuodsaiiod ay] “(H-D1) DL Y3 ul sdel) Suowoiiey] pue J| Se ojeA "Ad Y| MO[|oA yum buofepy “Ad SO moj[aA (€)
(I-D1) Aluo D1 3Y3 Jo JuSWILIY SPIdIIBSUI PUR | SB O[eA "Ad (Y1) odes diuiny moj|9A yum buolely *Ad> YSO Moj|A () /(D ‘[011U0D e Se) Juswileasl apIdIRasul yum pue (D)) doud desy ou yum buolepy "Ad (4SO)
adel paas|io MO||9A (1) :SIUSWILeaI} 991Y3) 343 40} poLIad [eIUSWILIRAXD Y9aM-/ U JSAO0 (IS F) Jue|d/s9)199q udjjod JO Jaquinu uesaw se pajuasald € Juswnadx3g ul s3)39aq udjjod Jo dULLNIDQ  °€ d|qel

'sa1[ell pjog ul s19119] 9sed Jaddn Aq sp|ay ay1 Jo 19pIoq dY1 Jo) pue s19113| ased saddn Ag spjay sy Jo a11usd dY) S04 paledIpul die
pouad [eruswadXa 2411US Y1 JSAO SIUSWIIERI) US9MIDC S3JUIRYIQ "SI[RY PIOg Ul $19113| 3582 19MO| AQ SP|ay 8Y) JO J9PIOQ U1 J0) PUE S19119] 95BD JI9MO| AQ SPISL Y1 JO 211UID 3 J0) PA1LDIPUI JJ. (SH99M
Jepusjed) sjeAa1ul dwil Jejndined buunp spiay Y1 JO SJUSWIIRI] U99MISQ S9OUIRYIQ ‘(AN ) Juaiaip AjJuedyiubis 10U a1e SUWN|OD UIYLM J2113] dwes 3yl Aq pamo||o) (Juswiealy yoea ul) doid Jad sues|y

19MO[4 jea weald  ‘peys-s 4so
J2MO|4 Jea Mo|IA  Buolepy Hso

Jamol4 png jean MO|[PA O|eA L

960+ 85€ 9P €80 F 769

g ¢€00FT6€ b €90FCLT b 890 F8ET b q 780+ 88, qQ EVLF6TL 9 LEOF LTL DL MojJPA  bBuofewy Y4so Japiog

Y T00F88tV e SO F LLE e 80 Fwre e €0 F 8¥'S e 980 F/LEL e oL'L ¥ TTolL qe /80 F L9°8 e LZ0F LL0 donn weald  ‘peys-s uso CEUUD I, 4

a wo0+ze D 6E0FSLL b [E0F L9 qQ €T0¥F8S0 > ggo0FILT 2 LSO F ¥O'S 9 [OLF88Y 9 VvLOFEEO dory  wead  ‘peys-s 4so isplog

D ToFvle q LEOFSLL q SYoFviL q LS0 F96'L e LLOF£LE9 @ 990 F €€/ 2 /L0F9T9 B TTOF6S0 doy weay ‘peys's Yyso snus)y €

vV €00FS0S b 80 FEET b 0L0F85C qp 6V0F80C q LLOF8ES D 960FT6'LL b OCLFO0€L b 6S0FCLE DL  MOJ|]PA OleA L ispiog

g 200 F69°€ qe EV0F95C gqe  9€0F YT q €90 F ¥0'€ e L6'0 88 e 98'0 F 0L > 8/0FLOS e 70 F 650 doiy  mojIpA Buofepy 4so 9lus) ¢

D> T00F06¢C b 8Y0FT6L b €E0F6CL qQ 0€0FSTL b LLo+gesL 2 89'0 F 8¢S 9 v/0FSTS 9 TCTO0FSLO dory  mojpA  Buofep Yso Jspiog

VY T00F8St Qe S0 F €€T e SG0F Lv'e qe (AR N4 e €0 F 88 e $¥80F0LL e oFLF8r6 e 870 F LO'L doiy  MojIBA Buofepy Y4so a)us) L
|e3o) 6C 8z L’z T4 14 ¥T €C Ol/dory  nojo)  JeAnind YISO  eaJe pal4

>99M Jepusjed) JudWIeaI |

(35 F ueaw) Juejd/sapaaq udjjod Jo Jaquiny

(3uswdo|aAap Jamoyy) yoe|q pue ‘(uswdolaAap pna)
K916 ‘(uonrebuold wals-1uswdodA3Pp Jes|) SuYm uil pazedipul ase syueld ay3 jo sabeis |edibojousyd buipuodsaiiod ay] ((D1-4SO-D) DL Se buolepy "Ad> YSO MOJ[DA YHM MOPRYS JIAJIS "Ad YSO Po.N0J0d-Weald
(#) (4SO-D) DL OU YMm MOPEYS JBAJIS "AD 4SO PIIN0J0d-Wedsd (€) {(DL-HSO-A) DL Se OJeA A (Y1) ddel diuiny moj|aK yum Buofely A> 4SO Moj[aA (2) ((4SO-A) (D) doud desy ou yum Buolep *Ad (4SO) adel
Pa935]10 MO||9A (1) :51UBWIRAI] JUSIDYIP JNOJ B 40§ poliad [eluswLIRdXD Y9am-g ue JaA0 (3§ F) ue|d/sa)19aq udjjod Jo Jaquinu uesw se pajuasaid g Juswiadx] ul s9j3aq udjjod Jo duUaLNddQ  *Z dlqel

wileyonlinelibrary.com/journal/ps
Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

© 2020 The Authors.

Pest Manag Sci 2020; 76: 3253-3263


http://wileyonlinelibrary.com/journal/ps

O
)

WWW.S0Ci.org

G Thoming, KA Solhaug, HR Norli

beetles generally increased in all treatments over time, with a
peak in CW 26, and then subsequently decreased. At the peak of
pollen beetle infestation in CW 26, the turnip rape plants were
in full bloom (BBCH 65), whereas the yellow OSR cultivar had just
started to bloom (BBCH 62), and the two cream-coloured OSR cul-
tivars were in the late bud stage (BBCH 59) (Fig. 2).

3.4 Experiment 2: selection of best trap crop system

In both of the trap crop experiments (Experiments 2 and 3), plants
varied in growth stage over the entire observation period, both
between and within treatments, as well as between replicates.
Overall, the turnip rape plants were consistently at a more
advanced growth stage than the plants of the OSR cultivars
(Tables 2 and 3), and the plants of the yellow-flowering OSR culti-
var were at a more advanced stage than the plants of the cream-
coloured-flowering OSR cultivar (Table 2).

Table 2 outlines the colonisation of the border and central areas
of the experimental plots by pollen beetles over time for the four
treatments: (i) yellow OSR cv. Majong without trap crop (Y-OSR);
(i) yellow OSR cv. Majong with yellow turnip rape cv. Valo as trap
crop (Y-OSR-TQ); (iii) cream-coloured OSR cv. Silver Shadow without
a trap crop (C-OSR); and (iv) cream-coloured OSR cv. Silver Shadow
with yellow OSR cv. Majong as trap crop (C-OSR-TC). Pollen beetles
were first found in CW 23 in all four treatments (centre and border),
although on average, development of the OSR cultivar plants was
still at the leaf stage. At that time, significantly higher numbers of
beetles were present in the border area with turnip rape as trap
crop (Y-OSR-TC: 3.12 + 0.59) compared with the other three border
treatments (F3g4 = 12.04; P = 0.0003 Y-OSR-TC versus C-OSR-TC;
P < 0.0001 Y-OSR-TC versus Y-OSR; P < 0.0001 Y-OSR-TC versus C-
OSR), whereas no significant differences in number of beetles per
plant were noted for the central areas (i.e. main crops) of the plots
in the four treatments (Table 2). In CW 24, significantly larger num-
bers of beetles were again found in the turnip rape trap crop (Y-
OSR-TC: 13.0 + 1.20) compared with the other three border treat-
ments (F3g4 = 10.97; P =0.0006 Y-OSR-TC versus C-OSR-TG
P < 0.0001 Y-OSR-TC versus Y-OSR; P < 0.0001 Y-OSR-TC versus C-
OSR). At that particular time, significantly lower numbers of beetles
were recorded in the central area of Y-OSR-TC plots compared with
the centre of the corresponding Y-OSR plots without a turnip rape
trap crop (F3,96 = 4.00; P = 0.0031; Table 2). Even in CW 25, the bor-
der areas showed significantly larger numbers of beetles in the
treatment with turnip rape trap crop (Y-OSR-TC: 11.92 + 0.96) com-
pared with the other three border treatments (F3g4 = 18.67;
P =0.0002 Y-OSR-TC versus C-OSR-TG; P < 0.0001 Y-OSR-TC versus
Y-OSR; P < 0.0001 Y-OSR-TC versus C-OSR). No significant differ-
ences in number of beetles per plant were noted for the central
areas of the four treatments (Table 2). In CW 26-29, numbers of
beetles were not significantly different in either the borders or
the centres of the plots with yellow-flowering OSR treatments with
or without a trap crop. By contrast, during CW 27-29, larger num-
bers of beetles were found in the central areas of the plots C-
OSR-TC compared with C-OSR (CW 27, F39¢ = 5.45, P = 0.0002;
CW 28, F39¢ = 4.30, P = 0.0027; CW 29, F39¢ = 3.69, P = 0.0017).
In addition, during CW 25-27, larger numbers of beetles were
found in the border areas of the plots C-OSR-TC compared with
C-OSR (CW 25, F3g4 = 1867, P =0.0078; CW 26, F3g, = 9.73,
P < 0.0001; CW 27, F3g4 = 5.22, P = 0.0003) (Table 2).
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Figure 3. Kairomone trap catches over time in the field experiments con-
ducted in 2018, shown as mean number of beetles per trap and day (+ SD).

3.5 Experiment 3: best trap crop strategy with a control
measure in the trap crop

Table 3 shows the occurrence of pollen beetles over time in the bor-
der and central areas of plots with the three treatments: (i) yellow
OSR cv. Majong without a trap crop and treated with synthetic
insecticide (as a control, C); (ii) yellow OSR cv. Majong with yellow
turnip rape cv. Valo as trap crop and with insecticide treatment of
the trap crop only (TC-); and (iii) yellow OSR cv. Majong with yellow
turnip rape cv. Valo as trap crop and kairomone traps placed in the
trap crop (TC-K). Comparing the pollen beetle colonisation of the
border areas over the entire experimental period, numbers of bee-
tles were significantly higher in the border area of TC-K compared
with C and TGl (Foe3 =21.56; P <0.0001 C versus TC-K;
P =0.0468 TC-l versus TC-K) and in TC-l compared with C
(P < 0.0001). When considering the central areas of the plots, we
found no significant differences between the treatments over the
entire experimental period (Table 3). The first pollen beetles were
observed in CW 22 in all treatments (centre and border of plots),
but numbers were significantly higher in the border areas of trap
crop treatments TC-l and TC-K than in treatment C without a trap
crop (Fo63 = 12.97; P < 0.0001). Regarding the average plant devel-
opment at that time, the OSR cultivar was still in the leaf stage,
whereas the turnip rape was already in the bud stage (Table 3). In
CW 22-26, numbers of beetles in the border areas varied between
the treatments, although there was a trend towards the highest
numbers occurring in the border area of the trap crop treatment
with kairomones (TC-K, except in CW 25) and the lowest numbers
in control treatment (C, except in CW 24 and CW 25) (Table 3). By
contrast, similar numbers of beetles were found in the central areas
of the three treatment plots during this period (CW 22-26). Signifi-
cant differences in the central areas were recorded only in CW
23, with the highest number of beetles in TC-l compared with the
two other treatments (F,7,, =5.00; P =0.0059 TC-l versus C;
P = 0.0105 TC-l versus TC-K). Pollen beetles were caught in the kai-
romone traps mainly during CW 22-24, with a peak in CW
23 (871-1045 beetles/trap/day on 6-7 June; Fig. 3).

4 DISCUSSION

In this study, we investigated the possibility of a kairomone-
assisted trap cropping strategy to manage pollen beetles at the
northern margin of OSR production in Norway.
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Volatile cues, particularly those emitted from bud and flowering
stages, have previously been shown to be important for the attrac-
tion and host selection of B. aeneus.”®?? We found the majority of
volatile compounds emitted during the flowering stage followed
by the bud stage, irrespective of the cultivar tested, as shown in
previous studies.”®22 All the compounds detected in this investi-
gation have been found previously in OSR plants,”**~*° and many
of them are known to be involved in odour-mediated behaviour of
pollen beetles,®®>" as well as other organisms.>*>* In our study,
the B. rapa plants most often preferred by pollen beetles had an
odour profile that differed from that of the B. napus plants 22>
The Brassicaceae-specific compounds dimethyl disulphide,
dimethyl trisulphide and phenethyl isothiocyanate were recorded
primarily for turnip rape (bud and flowering stages). These odour
differences may partly explain the preferences in host selection
behaviour of pollen beetles that we observed. Cook et al. sug-
gested that the odour of turnip rape is more preferred than that
of OSR, due mainly to phenylacetaldehyde and (E,F)-a-farnesene.?
These two compounds were also found in larger amounts in tur-
nip rape than OSR in our study.

In addition, a behavioural preference for a particular shade of
yellow may be involved in the host selection process of pollen
beetles. Several studies have noted that the host-finding behav-
iour of pollen beetles comprises a preference for yellow over
other colours, including cream and white.253%3%>* The yellow col-
ours of the B. napus cv. Majong and B. rapa cv. Valo we used in our
investigation may appear to be very similar to the human eye, but
spectral reflectance analysis showed that the two yellow cultivars
differed not only in the colour spectrum (~ 400-700 nm), but also
in the UV region (~ 300-400 nm). For B. aeneus, spectral sensitiv-
ity has been measured with peaks at ~ 520-540 nm and
370 nm.*® Déring et al. found evidence for UV, blue and green
receptors, and concluded that colour preferences of pollen bee-
tles could be determined by a green versus blue colour opponent
mechanism, with an input to a green receptor at 540 nm and an
input to a blue receptor at 440 nm.*° Cook et al. verified that the
UV region is important for pollen beetles regarding their host
selection behaviour.?® Based on these findings, colour preference
of pollen beetles can be determined by considering a green versus
blue colour opponent mechanism and spectral sensitivity in the
UV region, which would give preferences as found in this study:
yellow turnip rape = yellow OSR > cream-coloured OSR cv. Silver
shadow > cream-coloured OSR cv. Lyside.

In the arranged field situation in our preference test in Experi-
ment 1, more beetles were found on the turnip rape plants over
the three tested OSR cultivars throughout the entire experimental
period, suggesting a preference for turnip rape as stated
previously.®?>31733 This suggests that the cues emitted by turnip
rape during early flowering and onwards until late flower devel-
opment send signals to the beetles that those plants offer more
suitable buds/flowers for egg laying and/or food compared with
OSR plants that are consistently in earlier phenological stages.
Additionally, in Experiment 1, more beetles were found on the yel-
low OSR plants over the cream-coloured OSR plants, possibly
because the latter were always in an earlier phenological stage
than the yellow OSR plants. Perhaps the signals produced by
the yellow OSR inform the beetles that such plants offer better
oviposition and food sources compared with the cream-coloured
OSR plants that are consistently in earlier phenological stages. It is
known from previous studies that the phenological stage of a
plant is important for host selection by pollen beetles, particularly
for the females.?>*> Cook et al. showed in a semi-field assay that

B. aeneus clearly preferred B. rapa over B. napus if the plants were
in the bud stage, no preference if both of these plant species were
in the flowering stage, and always a preference for the flowering
stage over the bud stage irrespective of tested cultivar.?

Results from the odour and reflectance analyses and Experi-
ment 1 indicate that pollen beetles do show preference for turnip
rape over the three tested OSR cultivars, and for the yellow OSR
cultivar over the two cream-coloured cultivars, and these prefer-
ences are related to plant growth stage and the associated vola-
tile and colour signals. Considering these findings, we designed
two trap crop systems for pollen beetle management to be tested
in trap crop field experiments: Y-OSR-TC using yellow OSR with an
early flowering yellow turnip rape as trap crop, and C-OSR-TC
using cream-coloured OSR (cv. Silver Shadow) with yellow OSR
as trap crop. During the period when the trap crop was in the
bud or early flowering stage while the main crop was still in the
leaf or early bud stage, both tested trap crop systems showed sig-
nificantly larger numbers of beetles in the border area (= trap
crop) of each field plot compared with the border areas of the cor-
responding control fields without a trap crop (Y-OSR-TC, CW
23-25; W-OSR-TC, CW 25-27). These results concur with previous
findings from other parts of Europe demonstrating the potential
of early flowering turnip rape (B. rapa) as trap crop in OSR produc-
tion®223233 and yellow OSR as a trap crop for cream-coloured
OSR.3* However, our results also demonstrated that pollen beetles
migrated further from the trap crop into the main crop when
upon reaching a high population in the trap crop. Therefore, it
was only during a very short period (CW 24) that the number of
beetles was significantly lower in the central areas of the plots
with a turnip rape trap crop (Y-OSR-TC) compared with the central
areas of control plots without a trap crop. Furthermore, for the
trap crop system using cream-coloured OSR as the main crop
and yellow OSR plants as trap crop (C-OSR-TC), we found signifi-
cantly larger numbers of beetles in the central areas of the fields
compared with the centres of the corresponding control fields
without a trap crop (CW 27-29). These ‘spill-over’ effects noted
in our study have been observed previously,”'®'” and hence were
expected, because both of the cultivars we used as trap crops are
known to be host plants for pollen beetles and not dead-end
crops. In light of the very rapid spill-over effect from the trap crop
into the main crop using the C-OSR-TC system, and the poor suit-
ability (i.e. low yields and very late plant development) of the
cream-coloured cultivars under Norwegian conditions,*® we used
the turnip rape trap crop system Y-OSR-TC in the subsequent
studies. This conclusion is in accordance with previous studies in
which no difference between numbers of pollen beetles on white
and yellow OSR plants were found.?

The need for an effective control measure in the trap crop is
highlighted by the mentioned rapid spill-over effect we found in
Experiment 2. We compared kairomone-assisted trap cropping
with insecticide-assisted trap cropping using conventional applica-
tion of insecticides on the whole OSR field plot as a control. Remark-
ably, throughout the entire experimental period, beetle density was
not significantly higher in the central areas of the plots with
kairomone-assisted trap cropping compared with central areas in
the other two treatments. We found significantly larger numbers
of beetles in the trap crop regions of the two tested trap crop treat-
ments compared with the OSR control. However, both the kairo-
mone and the insecticide strategy effectively reduced the number
of beetles in the trap crop to such an extent that it prevented a
spill-over effect into the main crop. This suggests that both kairo-
mone mass trapping-assisted and insecticide-assisted trap
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cropping can be effective alternative strategies to control pollen
beetles and thereby reduce the use of synthetic insecticides in
OSR production. These findings are based on only one year of field
experiments. Inasmuch as the weather conditions during the OSR
growing season show considerable annual variation in Norway,
experiments conducted over several years are needed to achieve
a fair evaluation of this pest control approach. However, the results
clearly support earlier studies on trap cropping in OSR in other parts
of Europe 82231733

Our studies emphasized that a key to successful pest control in
spring OSR production is correct timing of the control measure.
This applies to control of pollen beetles in general (traditional
use of spraying pesticides), but more particularly to measures
used in the trap crop to avoid a spill-over effect into the main
crop. Pesticide treatment of a trap crop, as we did in our study,
required very proper timing to be an effective pest control tool.
By comparison, kairomone-assisted trap cropping used for this
purpose was somewhat more robust with respect to timing: the
traps have to be installed early enough to catch the first beetles
that arrive in the trap crop, and thereafter the traps will be active
for at least 3-4 weeks. We recorded very high trap catches in the
beginning of June (CW 23), noted at > 1000 pollen beetles/trap/
day. It should be noted that the traps used in our study were
developed for monitoring and not for mass trapping, and thus
we had to check and empty the traps daily to ensure their efficacy,
which would not be practical for conventional OSR production. A
trap designed for mass trapping is therefore required, if
kairomone-assisted trap cropping is adopted on a commercial
scale.

5 CONCLUSIONS

Our results concerning trap crop strategies for protecting spring
OSR from pollen beetles in a northern climate suggest that
kairomone-assisted trap cropping can reduce the need for insec-
ticides in OSR production or in some cases may even make it pos-
sible to refrain from pesticides completely. As also noted in an
earlier study,® we observed that the success of turnip rape as trap
crop in OSR production is related to early plant development of
B. rapa, which includes inflorescence emergence occurring much
earlier than in OSR and the association with plant volatile emis-
sion. We also found indications that the visual cues of B. rapa
can offer important support in the mechanism underlying the
pronounced attraction of pollen beetles to turnip rape compared
with the tested OSR cultivars, even though the flowers of both the
trap crop and the main crop plants in our final trap crop strategy
were both yellow.
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