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Summary

In the past many growers have relied on pesticide applications to prevent crop losses 
from cabbage stem flea beetle (CSFB; Psylliodes chrysocephala). However, through a 
combination of increased regulation and development of resistance these methods of 
control are no longer available to many growers. This has led to increasing interest from 
producers and researchers in Integrated Pest Management systems such as companion 
and trap cropping.  This paper assesses the potential of using a spring bean (Vicia faba) 
companion crop in OSR as a means of reducing pressure from CSFB and reducing nitrogen 
(N) application in East Anglia. Two replicated trials in 2019 and 2020 reported small 
positive yield responses (0.2 t ha-1 (P=0.073) and 0.7 t ha-1 (P=0.02) respectively) in OSR 
crops grown with a spring bean companion crop. An N response trial in 2020 also found a 
lower N optimum for OSR with a spring bean companion crop; this is in line with previous 
findings from studies in north-western France. In the 2019 trial novel funnel vinegar traps 
were successfully used to monitor CSFB pressure in crops. Legume companion crops 
may affect CSFB by benefiting crop growth through improving soil health or by masking 
the crop from CSFB; these trials do not give any clear indication of which mechanism is 
dominant here. Impacts on diseases, such as Sclerotinia can also not be ruled out.
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Introduction

Oilseed Rape (Brassica napus) is the UK’s third most widely grown arable crop and the most 
widely grown non-cereal arable crop. However, crop losses from damage caused by Cabbage 
Stem Flea Beetle (Psylliodes chrysocephala) have significantly impacted production, particularly 
in southern and eastern England. In 2019, 547,000 hectares was harvested; this was, however, the 
smallest area since 2002 (DEFRA, 2019). Damage to OSR crops occurs directly through adult 
CSFB feeding on establishing foliage. A second pathway of damage is from larvae; CSFB eggs 
are laid in the soil close to or on the base of the OSR. The larvae then feed on the stems and lower 
petioles over winter and into spring (Williams, 2004) confirmed high levels of resistance in CSFB 
populations to the pyrethroid spray, lambda-cyhalothrin. As part of this study approximately 
50 adult CSFB were collected from the two experimental sites featured in this paper, Morley, 
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Norfolk and Little Wilbraham, Cambridge. Results showed 80% of the Morley sample and 60% 
of the Little Wilbraham sample was resistant. Producers and researchers are therefore evaluating 
integrated pest management approaches such as companion and trap cropping (George et al., 2019). 
Studies in north-western France have reported yield benefits from the use of frost-sensitive legume 
companion crops, associated with improved soil nitrogen use efficiency, reduced insect damage 
and reduced weed competition  (Verret et al., 2017 and Cadoux et al., 2015). However, little work 
on the potential of legume companion crops to mitigate the impact of CSFB and improve nitrogen 
use efficiency have been carried out in the UK.  OSR has one of the lowest N use efficiencies of 
UK arable crops, therefore any potential for reducing N fertiliser rates for oilseed rape in the UK 
would be beneficial to both growers and the environment (Storer et al., 2018; Sylvester-Bradley 
& Kindred, 2009). 
This paper presents the results from three trials assessing the potential of using a spring bean 

(Vicia faba) companion crop (SBCC) in winter OSR as a means of reducing pressure from CSFB 
and reducing nitrogen (N) application in East Anglia. A farmer-led split field experiment at Little 
Wilbraham, Cambridge in 2018 compared two blocks of OSR: monoculture vs with SBCC.  At the 
same site in 2020, a replicated nitrogen (N) interactions trial and a separate N response trial were 
carried out on an OSR crop with and without and SBCC. In 2019 a long-running farming systems 
trial at Morley, Norfolk investigated the potential of a SBCC as a method to reduce CSFB damage 
and improve soil fertility.  

Materials and Methods

2018 Split field trial
In autumn 2018 a preliminary split field trial was set up by a grower in Little Wilbraham, Cambridge 

to test whether a spring bean companion crop could help reduce CSFB pressure on his OSR crops. 
Two 1.5 ha blocks were drilled with OSR (4.5 kg ha-1, ≅85 seeds m²) as a monoculture in one and 
OSR (4.5 kg ha-1) + SBCC (90 kg ha-1, ≅30 seeds m²) in the other. Plant counts and Green Area 
Index (GAI) assessments were carried out in December 2018. Ten whole plants were selected 
at random from each treatment and dissected for CSFB larvae in March 2018. Impact on crop 
yield was assessed using combine yield maps cleaned using methods set out in Vega et al. (2019) 
providing a mean yield for each block.

2019 Replicated plot trial
The Morley Agricultural Foundation New Farming System (NFS) Cultivation Trial, delivered 

by NIAB TAG compares four annual primary cultivation regimes; plough, deep (20 cm) non-
inversion, shallow (10 cm) non-inversion and a managed approach, in which a cultivation method 
is selected based on the current conditions in a large plot (12 m × 32 m), complete factorial design 
with four replicates on a sandy loam soil at Morley, Norfolk. The trial also includes crop rotation 
treatments which have been used to compare the use of brassica cover crops with overwinter stubble 
in front of spring break crops. The trial started in 2007. The last cover crop was grown autumn 
2015. The following crops were spring oats (2016), winter wheat (2017) and winter barley (2018).  
Following two cereal crops the trial was due to go into an OSR break crop in 2019. Spring OSR 
is not widely grown, therefore instead of using a cover crop followed by a spring crop, winter 
OSR was grown and a SBCC was used on plots traditionally receiving a cover crop. No historic 
significant yield response has been recorded from the inclusion of cover crops therefore any yield 
and crop response to SBCC are unlikely to be a legacy effect of historic treatments. The SBCC 
was drilled at 60 kg ha-1 (≅20 seeds m²) using a 6 m (two passes per plot) JD750 direct drill on 27 
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August 2018 and the hybrid variety OSR drilled at 2.8 kg ha-1 (≅40 seeds m2) on the same day. The 
drill was also run empty over plots not using a companion crop so all treatments had equal traffic 
and soil disturbance. If growing OSR with a SBCC is to be a widely adopted practice, future work 
would be needed to investigate how best to establish this in a one pass system. In the autumn (25 
October 2018), plant counts in OSR and SBCC were assessed along with Green Area Index (GAI). 
Crop height was measured (13 May 2019), crop vigour scores were assessed using a 1–9 scale (1 
being very low vigour and very little ground cover, and 9 being very vigorous with complete light 
interception and high canopy depth; 21 June 2019). Plot yield was assessed by taking the mean of 
two, 24 m cuts from the middle of each plot using a Haldrup plot combine with a header width of 
2m. A 500 g sub-sample from each plot was tested for oil content. CSFB pressure was assessed 
using a novel funnel-vinegar trap used to catch falling CSFB larvae as they dropped out of the 
host plant in late spring (Fig. 1). Five traps were placed in each of the plough, plough + SBCC, 
shallow non-inversion, shallow non-inversion + SBCC plots (n=20) between the 14 June–8 July 
2019. All specimens where then identified by species in the lab. Here we present the results of the 
number of CSFB larvae identified. 

2020 split field trial and N response curve trial 
In 2020 the host grower at Little Wilbraham, Cambridge repeated his 2018 trial. An N interactions 

trial with three replications in two blocks (with and without SBCC) was set up on the divide between 
OSR and OSR + SBCC. This replicated plot trial investigated the impact of a SBCC (60 kg ha-1) 
compared to OSR on its own with either 160 kg N ha-1 (sub-optimal) and 220 kg N ha-1 (optimal). 
In addition, a non-replicated N response trial was performed with the following N doses; 0, 60, 
80, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320 and 340 kg N ha-1 with and without 
SBCC. The aim of these two experiments was to test whether the leguminous SBCC supplied 
additional soil N that could be utilised by the OSR crop, potentially allowing for N rates to be 
reduced. N doses where split over two timings in the middle of February and late March. The 34.5% 
granular ammonium nitrate was applied by hand to the 3 m × 12 m plots marked into farm drilled 
crop. Ten plants, selected at random from both the OSR and OSR + SBCC plots (220 kg N ha-1), 
were dissected and CSFB larvae counted. Yield was determined using a Haldrup plot combine. 

Data analysis
The larvae population data from 10 dissected plants from each treatment in the 2018 and 2020 

experiments was analysed using a t-test to a probability level of 0.05. This has been confirmed as 
an appropriate method in split field design data analysis (Storr et al., 2020). 
All data assessed at plot level from the NFS Cultivations trial 2019 (plant counts, GAI, crop vigour, 

yield, oil content and flea beetle larvae) and the N interactions trial 2020 (yield) was analysed 
using ANOVA. The NFS Cultivations trial has documented variation in soil type quantified by fine 
resolution electrical conductivity scans (Clarke et al., 2019). Mean plot EC is therefore used as a 
covariate in analysis. When ANOVA was significant (P<0.05), Tukey post hoc tests were carried 
out to classify treatments with significant effects. Statistical analysis was performed in Genstat for 
windows 19th Edition (www.genstat.co.uk). 
Yield response to N in the N response trial was estimated using a linear plus exponential (addition 

of linear trend) function. This is the industry standard function for dose response trials (Kindred 
et al., 2017):

y=a+b.r N+ c.N

where y is yield, N is N fertiliser dose, and a,b,c and r are parameters determined by statistical fitting. 
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Fig. 1. Funnel vinegar traps (18 cm ⌀).

Results

2018 Split field trial
Plant populations were not impacted by the presence of SBCC in OSR (47 and 46 plants m-2 for 

OSR + SBCC and OSR alone respectively). However, the OSR GAI was reduced by 65% where 
SBCC was grown. There was a significant (P=0.001, t-test) reduction in CSFB larvae with OSR + 
SBCC, recording less than 1 (0.9) larvae on average compared to 5.2 on average without SBCC. 
The considerable bean canopy that restricted the OSR growth may also have provided visual cover 
for migrating beetles in the autumn. Despite the large reduction in OSR GAI over autumn where 
SBCC was present the mean yield for the block was 5.3 t ha-1, the same as the OSR alone.  

2019 replicated plot trial
The results from the NFS OSR companion cropping trial are reported in Table 1. Reducing the 

SBCC seed rate to 60 kg ha-1 gave an average across all the cultivations of 13 plants SBCC per m-2. 
Across all cultivations OSR plant populations in plots with SBCC were reduced by 11%; however, 
no significant difference in GAI was recorded with SBCC.  There was no significant difference in 
plant height, however visual vigour was higher in OSR + SBCC plots. Visible damage from flea 
beetle was minimal throughout the season. Despite low population pressures the novel funnel traps 
succeeded in capturing on average 14 larvae per trap.  There was no significant difference in larvae 
numbers between treatments. A 0.2 t ha-1 (5%) yield increase was recorded from OSR + SBCC; 
however, this was not significant at the 0.05 confidence level. (P=0.072). Measurements of nitrate 
in these plots in spring, as soils warmed showed higher N availability with the SBCC (Tony Miller 
and Yi Chen, JIC, personal communication).

2020 and N interactions and N response curve trials
Table 2 presents CSFB larvae from plant dissection and OSR yield from the N interactions trial. 

Average CSFB larvae numbers per dissected plant were not significantly different (P=0.118, t-test) 
between OSR at the standard N dose (220 kg N ha-1). Although higher (by 0.3 t ha-1) there was no 
significant increase in OSR yield with SBCC at the reduced N rate (160 kg N ha-1).  There was, 
however, a significant yield increase of 0.7 t ha with SBCC at standard N rates (220 kg N ha-1).
The N response curve was estimated using a linear plus exponential function (Fig. 4). Yields 

were increased in all N rates where there was SBCC (with the exception of the 140 kg N ha-1with 
a large standardized residual). The estimated N optima was 180 kg N ha-1and 280 kg N ha-1 for 

 



5

Fig. 2. Divide between OSR+SBCC and OSR only at harvest in the 2020 N interactions trial (Little 
Wilbraham).

Fig. 3. Dissection of stems at harvest showing cotton wool like fungal growth attributed to possible higher 
levels of infection from Sclerotina in plants without a SBCC. 

Fig. 4. The response of OSR yield (t ha-1) to total N dose (kg N ha-1) with and without a SBCC at Little 
Wilbraham, 2020.
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OSR+SBCC and OSR only respectively. Although there had been no noticeable variations in 
growth stage or disease during crop development, at full senescence there was clear evidence of 
differences in physiological plant growth between the two treatments, regardless of N dose (Fig. 
2). Dissection of the stems showed some discoloration and fungal growth (Fig. 3) potentially 
attributed to the fungal disease Sclerotina; however, there also appeared to be increased damage 
from CSFB inside the stems.        

Table 1. Results from NFS Cultivations trial 2019 OSR crop. For Cultivaion, Companion interactions 
df=3, n=4. For companion df =1 n=16 (*P≤0.05, **P<0.01, ***P<0.001)

Means

OSR 
plants 
(m2)

OSR 
GAI

OSR
height 

(m)

OSR 
vigour 
(1–9)

OSR 
yield

(t ha-1)

CSFB 
Larvae  

(trapped)

Oil content
(%)

Cultivation.Companion

Plough no CC 47 1.8 1.23 6.3 3.7 12 45.1

Plough + CC 40 1.8 1.26 6.5 3.8 17 45.3

Deep no CC 35 1.8 1.26 6.7 4.1 - 45.6

Deep + CC 33 1.8 1.31 7.5 4.2 - 46.0

Shallow no CC 37 1.6 1.26 6.3 3.9 12 45.5

Shallow + CC 33 1.6 1.29 7.3 4.1 13 46.0

Managed no CC 33 1.7 1.26 7.2 4.0 - 45.7

Managed + CC 32 1.7 1.30 7.5 4.2 - 45.8

F 0.800 0.937 0.986 0.095 0.778 0.410 0.701

Companion

No CC 38 1.7 1.25 6.6 3.9 12 45.5

CC 34 1.7 1.29 7.2 4.1 15 45.7

F 0.028* 0.842 0.210 0.010* 0.073 0.255 0.116
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Table 2. Results from Little Wilbraham N Interactions trial 2020, df=3, n=3, 
letters identify significant differences from the results of post hoc Tukey test  

(*P≤0.05, **P<0.01, ***P<0.001)

Means

CSFB Larvae 
(dissection)

OSR yield 
(t ha-1)

OSR 160 kg N ha-1 - 1.2 a

OSR+ SBCC 160 kg N ha-1 - 1.5 a

OSR 220 kg N ha-1 10.6 1.5 a

OSR+ SBCC 220 kg N ha-1 8.1 2.2 b

F 0.118 0.02*

Discussion 

For the 2018 split field trial at little Wilbraham the seed rate of 90 kg ha-1 (30 seeds m²) was 
agreed to be too high as it outcompeted the OSR. Although we did record a potential reduction in 
CSFB larvae numbers overall OSR yield was not improved. For the subsequent trials the seed rate 
was adjusted to 60 kg (20 seeds m²), with the aim to achieve 10–15 SBCC plants m-2, similar to 
that of previous studies (Cadoux et al., 2015). This target SBCC plant population was achieved in 
both 2019 and 2020 trials. Despite good companion crop establishment and growth no significant 
reduction in trapped larvae (NFS Cultivations, 2019) or larvae numbers through plant dissection 
(N interactions trial, 2020) was recorded by using a SBCC. A range of mechanisms for the effect 
of companion crops on CSFB have been suggested: being more attractive to CSFB than the WOSR 
(e.g. mustard), benefiting crop growth through improving soil health or by masking the crop from 
CSFB (White et al., 2020); these trials do not give any clear indication of which mechanism is 
dominant here.
Although visual difference in crop growth were visible in the 2020 N interactions and response 

trials, the exact causes were difficult to identify conclusively. Data seem to indicate that N was 
used more effectively by the OSR in the presence of SBCC which may result for m increased N 
supply and/or improved OSR rooting. However, there were a number of other factors affecting the 
difference between OSR only and OSR + SBCC plots. There is also the indication of increased 
presence of Sclerotinia in the sole OSR. This could be a result of small differences in flowering 
timing, although we did not observe a marked difference in the field. Reduced CSFB damage in 
OSR + SBCC can also not be ruled out.
The use of funnel vinegar traps on the NFS cultivation trial successfully captured falling larvae in 

the spring, on average 14 larvae per trap.  If scaled up this is on 5.5 million larvae leaving the OSR 
plants per hectare over the 24-day period, providing context to the scale of the issue growers are 
facing across the region. This data also shows the potential of funnel traps as low cost, relatively 
low input methods of capturing larvae data in experiments comparing methods of IPM in OSR. 
However, it is recommended they are used in combination with either one of or a combination of 
foliage and stem damage scores, yellow water traps and plant dissection so data from the novel 
method can be linked to pressures on crop and treatment effects.  
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This study has demonstrated that growers should expect no negative impacts on OSR yield from 
growing OSR with a SBCC. Evidence from the replicated trials in 2019 and 2020 at Morley suggest 
that a small yield benefit where optimal N doses are applied. In the 2020 response trial, optimum 
OSR yield was achieved 40 kg N ha-1 below current farm standard (220 kg N ha-1) when OSR was 
grown with a SBCC. Although limited to one season’s worth of data, this is in line with previous 
findings from studies in north-western France (Verret et al., 2017). The work has also confirmed 
the value of the use of site-specific research by farmers with split field trials to test the benefits of 
IPM approaches and develop local adaptions for their farm.  
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