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Pollinating insects and pests are important drivers for both pollination and crop 
development in agricultural production. Intensified agriculture, crop production, and 
habitat changes have for a long time created favourable environments for pests, while 
beneficial insects, such as pollinators, have been negatively impacted. The decline in 
beneficial insect populations and insufficient pest control are increasing problems for crop 
health. Integrated Pest and Pollinator Management (IPPM) is a set of principles aimed at 
simultaneously managing crop pollination and pest control. This preventative management 
system has the potential to reduce the need for chemical pesticides by, for example, creating 
agricultural environments that discourage insect pests and support pollinating insects. 

The purpose of this project was to investigate how different aspects of faba bean cultivation 
affects the pollinator densities and pest pressure of B. rufimanus. Inventory of pollinators 
and beetles were performed in 15 fields in to evaluate the legacy effects of faba bean 
cultivation, cover of arable land  and the impact of sowing date. The field study was 
conducted in the county of Östergötland the growing season 2024. The study was based on 
data from 2023 year’s cropping of faba beans and the fields were selected based on whether 
faba beans had been cultivated in the area or not. Half of the fields were in areas with a lot 
of faba beans and half of the fields in areas almost without faba beans previous year. 
Sowing date and cover of arable land were also som of the factors considered when 
choosing the fields. Pollinator densities and behaviours were determined with inventory 
between late June and early August. Pods for egg counting were collected and counted in 
July and August. The damage was assessed by opening collected pods and looking at the 
beans for emergence holes by B. rufimanus. The pods for damage assessment were 
collected in the beginning of September to the beginning of October.  

Higher cover of arable land in the landscape had significant impacts on both honeybees 
(Apis mellifera) and bumblebees (Bombus spp.), where the densities of honeybees 
increased with higher cover of arable land, while bumblebee densities decreased. Faba bean 
cropping in the previous year and sowing date had no significant effect on the tested 
variables. More research is needed to further establish and understand the effects of mass-
flowering crops on pests and pollinators in agriculture. 

Keywords: Faba beans, IPPM, pollinators, Bruchus rufimanus, Apis mellifera, Bombus spp. 
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1.1 Integrated pest management 
Use of chemical crop protection are often required in modern agriculture, to reduce 
pest pressure, weeds and increase yield. Integrated pest management (IPM) is a 
management system to reduce the pest pressure with as few chemical inputs as 
possible. It was designed as a response to the over use of pesticides that has had a 
great impact on insect decline, environmental health and availability of active 
compounds (Barzman et al. 2015). The basic step for implementation of IPM is to 
prevent pest and weed infestations. This involves management steps from adjusting 
sowing date and crop rotation to monitoring thresholds (Biddinger & Rajotte 2015). 
There are also some strategies within IPM that involves promoting a good 
environment for beneficial insects in the form of natural enemies (Norrlund 2022).  

1.2 Integrated pest and pollinator management 
Wild pollinator populations are declining and while managed pollinators can fill 
the gap they leave to some extent, wild pollinators are needed for many ecosystem 
services and conservational work are therefore needed (James & Pitts-Singer 2008). 
IPM is described to be beneficial for biodiversity and pollinators, but there is a gap 
in the concept that makes it less pollinator friendly than suggested. While the 
methods in the model are not directly aimed at pollinators, there are many 
management steps that benefits pollinators. There is, however, a need to have a 
more direct approach where the goal is to further support and increase the 
populations of the different pollinator species (Biddinger & Rajotte 2015; Lundin 
et al. 2021). 
     IPPM, short for “Integrated pest and pollinator management”, is recommeded as 
an extension of the integrated pest management system. The suggested 
management steps support pollinators, but reduce pest pressure. Rather than the 
IPM way of reducing pesticide impact on honeybees, IPPM propose a focus on 
preventative management actions to protect both managed and wild pollinators. By 
using mass-flowering crops like oilseed rape and faba beans as break crops in a 

1. Introduction 
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crop rotation dominated by grains, pollinator densities could be enhanced and pest 
pressure in the more common crops reduced (Biddinger & Rajotte 2015; Lundin et 
al. 2021). 

1.3 Faba bean (Vicia faba L.) 
Faba beans (Vicia faba L.) is a common agricultural crop that has been grown all 
over the world for thousands of years (Singh & Jauhar 2005). In Sweden and some 
parts of Europe, the faba bean is a spring sown annual crop, grown mainly for 
animal feed. Further, it is also commonly grown as a catch crop or intercropped 
with cereals, such as wheat (Kirk 2004; Fogelfors 2017). 
   Faba beans are, much like oilseed rape a mass-flowering crop and the plant’s 
many flowers are attractive to bees and other pollinators (Marzinzig et al. 2018). At 
most 20 percent of the flowers becomes a pod and it is common for a plant to have 
about 5-12 pods. Between 20-80 percent of the flowers are self pollinated, 
depending on the weather and the wind (Kirk 2004; Fogelfors 2017). 
     There are many benefits of having faba beans in the crop rotaton. One of its most 
important benefits is that it is a nitrogen fixing crop, which means that there is a 
smaller need for mineral fertilizers (Fan et al. 2006). There is often a surplus of 
nitrogen after faba beans, wich can be used as green manure for subsequent crops 
(Álvarez-Iglesias et al. 2018). The nitrogen fixating property of faba beans can also 
lead to reduced carbon dioxide emissions due to reduced transport and spreading of 
mineral fertilizers (Mínguez & Rubiales 2021). Further, faba bean diversifies the 
ecological systems in the agricultural landscape due to different phenology than eg. 
grain crops and creates a better environment for pollinators (Kirk 2004). The beans 
are rich in protein containing lysine, an essential amino acid, as well as starch, 
carbohydrates, vitamins and minerals (Macarulla et al. 2001; Dhull et al. 2022). 
Cultivation of faba beans as an alternative protein source, for both humans and 
animals, could possibly strengthen the national food security due to decreased need 
to import meat and other legumes (Crépon et al. 2010; Röös et al. 2020). 
     With a new focus on climate change and a green wave, new sources of protein 
are desired and even though faba bean is mainly grown for fodder in Sweden, it is 
a great protein source for humans (Etemadi et al. 2019). Legumes are often used as 
a substitute for animal protein, due to its high content of essential amino acids and 
has been a large part of the diet in many countries, mainly in Asia and 
Mediterranean regions in Europe (Revilla 2015). It is, however, very susceptible to 
biotic and abiotic stress, such as pests. One of the most difficult and common insects 
pests in faba beans is the broad bean beetle (Bruchus rafimanus) (Ekbom 2012). 



10 
 

1.4 Broad bean beetle (Bruchus rufimanus) 
The most common pest to damage the pods of faba- or broad beans is the broad 
bean beetle (Bruchus rufimanus). The beetle appears and cause damage on areas 
where legumes are cultivated, but the extensive infestations in faba beans is what 
has given the beetle its common name. It is suggested that the species has been 
imported with different species of Vicia. It can, however, reproduce in Sweden, 
which means that there is not a need for continuous import for the beetle to increase 
in abundance (Ekbom 2012; Gailis et al. 2022). 
     The insect is about 3-5 mm long and ovally shaped. The partly yellow antennas 
are attached nearby the eyes. The slightly light-haired cover wings does not go over 
the whole body, but leaves a part in the posterior parts of the body uncovered. The 
eggs are greenish and the approximately 6 mm long larvae are white- to yellow-ish 
with a brown head (Andersson 2021; Segers et al. 2021). 
     The beetle has one generation per year and the adult insect hibernates inside the 
pods and beans of (mostly) faba beans. Non-crop and semi-natural landscapes that 
are extensively managed are also common hibernating spots for the beetle, where 
they can be found in for example litter, leaves on the ground, bark, or holes in the 
ground (Ekbom 2012). By spring, the beetles leaves the pods or overwintering 
habitat and they then survive by eating pollen, nectar and leaves of the bean plants 
(Segers et al. 2021). By the time of reproduction, the female leaves the 2 mm eggs 
on the pods of the beans, where they stay until they are hatched (Andersson 2021). 
The larvae then enters the pods by drilling a small hole. This can, however, heal 
with time so that only a little black mark is showing in the bean. The larvae then 
pupates and complete the metamorphosis inside the bean (Segers et al. 2021). The 
adult beetle sometimes leaves the beans from the beginning of September, but can 
stay in the beans over the winter, which can cause a problem with the seeds 
following year (Andersson 2021). When leaving the pods, the beetle drills an 
approximately 3 mm hole in the bean and its pod, which is what causes the largest 
damage to the  beans. 
     There is currently few options to chemically control B. rufimanus in faba beans 
and if chemically controlled, it should be done in connection to the flowering period 
of the faba beans. The recommended insecticide from the Board of Agriculture in 
Sweden is a product containing the neonicotinoid acetamiprid (Jordbruksverket 
n.d.). The number of  neonicotinoid insecticides in the European Union is declining 
due to the affect they can have on health and behaviours of pollinators (van der 
Sluijs et al. 2013; IPBES 2016). Restrictions of using neonicotinoids in agriculture 
makes it more and more difficult to chemically control pests and reduce pest 
pressure in agricultural landscapes. There is a need to find other more sustainable 
and practical ways to reduce the damage on faba beans done by B. rufimanus. The 
non-chemical method used today is to make sure that you are using seed that is free 
from the insect, which can be difficult to control before sowing and it is also not a 
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very effective method due to the fact that some of the beetles overwinter outside 
the seeds (Ekbom 2012; Andersson 2021). 

1.5 Pollinators in faba beans 
Even though faba beans are self-pollinating, pollinators are often important for pod 
production and increased yield in the crop. Pollinators are one of the most important 
factors for increased harvest and quality of crops (Raderschall et al. 2024). Much 
to do with the fact that pollinators such as honeybees (Apis mellifera) and 
bumblebees (Bombus spp.) have a possible impact to increase harvest with as much 
as 71 percent, pollinators can not only be seen as a great ecosystem service and 
biodiversity input, but also strong contributors to world economy (Bartomeus et al. 
2014; Khalifa et al. 2021) 
     However, there is an ongoing decline in pollinator densities in the world (Egan 
et al. 2020). This does not only lead to a loss in biodiversity, but also reduced quality 
and yield for crops dependent on pollinators. Because of their enormous value for 
both ecosystems and world community, there is a great need to find ways to stop 
or, even better, reverse the population decline of pollinators. 
     Nesting pollinators, such as bumblebees and honeybees, are shown to travel up 
to 1.5-2 kilometres from their nesting site to forage and landscapes should be 
constructed in a matter that enables the foraging for the pollinators (Walther-
Hellwig & Frankl 2000; Rands & Whitney 2011).   
     To help and enable life and foraging for wild pollinators such as bumblebees, 
there are some steps promoted by the Swedish Board of Agriculture; plant 
flowering trees or bushes, leave the edge zones free from pesticides, grow flowering 
edges and have a crop rotation with flowering crops, such as oilseed rape and faba 
beans. The crop rotations should be organized so that at least some of the fields are 
covered with flowering crops each year (Risberg 2008). Mass-flowering crops are 
shown to increase the densities of bumblebees in landscape with high coverage 
(Beyer et al. 2020). 

1.6 Legacy effects on pollinators 
Population densities of different pollinators are strongly correlated with the 
densities of flowering plants in the region. One of the most important factors to 
successfully enhance the pollinator environment is the length of the flowering 
season (Kirk 2004). However, the cultivation of mass-flowering crops, despite short 
growing season, provides a good environment for insects and higher flower 
resources for pollinators. For example, when faba beans are cultivated, bumblebees 
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have been shown to increase in abundance in the landscape after faba bean 
flowering (Beyer et al. 2020).  
     It is stated that faba beans increase pollinators densities the year when they are 
grown, but new studies suggest that mass-flowering crops leaves a legacy response 
and that cultivation of the crops does not only enhance pollinator densities the year 
they are grown, but subsequent growing seasons as well, so-called legacy effects 
(Riedinger et al. 2015). The term legacy effects have had a few different meanings 
since it first appeared in modern ecology science, but for this report it refers as the 
long-term impact of event or interaction, the cultivation of faba beans. The direction 
of the impact is not stated nor important for the phraseology (Cuddington 2011).  
     Mass-flowering crops such as faba beans and oilseed rape are often used as break 
crops between cereals and simplifies the foraging for pollinators. The extensive 
management of grasslands have, much like mass-flowering crops, a positive effect 
on the distribution of honeybees in the landscape (Le Féon et al. 2013). 

1.7 Legacy effects on pests 
The cultivation of agricultural crops creates a habitat that often differs from the 
natural habitats in the area. A natural landscape is often full of diversity of both 
plants, animal and insects, which makes it difficult for one species only to be 
dominant. This balance is, however, altered in an agricultural landscape. Suddenly, 
there is a whole sea of host plants where some species thrive and some do not. Host 
crops for certain pest, increases the abundance of this pest when cultivated, the year 
that they are growing (Fogelfors 2017). 
     When growing the same crop in a specific landscape area for a longer period of 
time, there is a legacy effect on the pests with increased pest pressure (Delaune et 
al. 2021). The landscape composition have an effect on the pest pressure, where 
cultivation of host plants on fields that are close to fields that have had the same 
host plant previous year have higher pest pressure of certain pests than fields that 
are cultivated in areas without the host plant previous year (Boetzl et al. 2023). 
   Crop rotations are an important part of the modern agriculture and are one of the 
most influencing management adjustments to reduce pest pressure, root and soil 
diseases and more (Castellazzi et al. 2008; Zheng et al. 2020). By adjusting and 
including the whole farm in the crop rotation, the distance between fields with host 
plants subsequent years could be increased. With an increased distance to previous 
year’s host plant fields, the pest pressure would be reduced (Hausmann et al. 2024). 
This information can be used to plan crop rotation based on landscape composition 
as a part of integrated pest management (Schieler et al. 2024)). 
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1.8 Effects of arable land on pollinators and pests 
The intense agriculture of modern days has lead to a huge decline in pollinator 
populations. The primary driving factors for the losses in species richness and 
abundences are the reduction of natural habitats, use of disturbing pesticides and 
climate changes (Winfree et al. 2009; Potts et al. 2010; Williams et al. 2010). 
Monocultures with winter wheat, spring barley or spring oats were the most 
common annual cops in Sweden 2024 (Sveriges Officiella Statistik 2024). These 
crops are mainly grown because of the good harvests and economical values, but 
they creates a  simplification of the landscape diversity (Power & Follett 1987). The 
landscape fragmentation that arable land creates are shown to have an impact on 
reproduction and abundance of pollinators (Xiao et al. 2016). Distances to natural 
habitats have a negative effect on wild bee densities, but honeybee densities are not 
shown to be affected the same way as wild bees (Potts et al. 2010). 

B. rufimanus hibernates in natural environments, such as mulch and  holes in the 
ground (Ekbom 2012). Therefore, it is possible that areas with more arable land 
could have a negative effect on the infestation in faba bean fields, due to 
disturbances in the soil. 

1.9 Sowing date effects on pollinators and pests  
Altering the sowing date to reduce pest pressure is a proven method to reduce pest 
pressure in different crops. It can be done by either sowing earlier than normally, 
or later. The effect depends, however, very much on the biology of the pest and the 
time frame of the maturation of the plants. The goal with an alteration of the sowing 
date is to make the plant mature in a different time frame than when the infestation 
usually accurs (Lundin et al. 2020; Pedigo & Zeiss n.d.). 
     B. rufimanus feeds on pollen and nectar from the faba bean plant, or other host 
plants, and pollen consumption is an important step for the sexual productivity of 
the female beetle (Segers et al. 2021). A later sowing date of approximately 10 days 
in faba beans, delay flowering and could possibly reduce the availability of 
adequate living conditions and sexual reproduction for B. rufimanus (Szafirowska 
2012; Ward 2018). A later sowing date have an effect on infestation of the beetle. 
By postponing the sowing date and delay flowering the impact of the beetle are 
reduced, but with a reduced yield due to shorter growing season (Szafirowska 2012; 
Ward 2018). 

Pollinator densities and species richness are connected to the sowing date and 
flowering of the host crop (Toivonen et al. 2019). By delaying the sowing date, 
flowers will become available at a later time (Ferrise et al. 2010; Eberle et al. 2024). 
The effect of increased pollination services with later sowing date could possibly 
be due to availability of attractive flowers for a longer part of the season and greater 
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floral density in peak density of the pollinator colonies (Toivonen et al. 2019; 
Eberle et al. 2024).  

1.10 Aim and objective  
The aim of this master thesis is to investigate how the abundance of pollinators 
and B. rufimanus fluctuates depending on whether faba beans  (Vicia faba L.) 
have been cultivated in the area the previous year. Further, I investigate how the 
presence of pollinators and B. rufimanus is affected by the sowing date and 
proportion arable land in the landscape. The hope is that this information can be 
used to investigate how a landscape can be planned and designed to benefit 
pollinators and at the same time reduce pest pressure. The research objective to 
gain an understanding of the influence of faba beans and arable land in the 
landscape was as follows: 
     To relate the infestation of B. rufimanus and the abundance of pollinators to 
sowing day, whether faba beans were cultivated in the area or not and the amount 
of arable land in the area around the fields. 
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2.1 Experimental design 
The study was conducted in commercial fields (not in, for example, an experimental 
field station) and located in 15 different fields spread across the county of 
Östergötland, Sweden. The fields were organically grown faba beans sown 2024. 
The locations of the fields were selected based on whether faba beans had been 
cultivated in that area or not in the previous year. Information and coordinates for 
166 fields sown with faba beans in 2024 was obtained from advisors in 
Östergötland. For 2023 year’s agricultural land use in these areas we collected 
layers from the Integrated Administration and Control System (IACS), compiled 
by the Swedish Board of Agriculture.   
     To select 15 fields out of the 166 fields, the crop areas and proportions were 
calculated by sorting the crops into categories; permanent grassland, ley, faba bean, 
annual crops, fruits and berries, and other agricultural land. To limit the area 
calculated, buffers of one kilometre, two kilometres and three kilometres were 
combined with the IACS blocks and their coordinates in a GIS program. The 15 
fields were then selected as extremes in terms of faba bean cropping in 2023, where 
seven fields where in areas without or almost without faba beans 2023 and eight 
fields had a lot of faba beans the same year (Table 1). Parameters such as proportion 
arable land, cultivar, field size and sowing date were also observed and balanced 
across the faba bean cropping history treatment. The proportion of arable land land 
was calculated as the proportion of cultivated crops, excluding grassland and ley. 
     For the analysis the fields were categorized as “Yes” or  “No” (Yes>0 and 
No=0). These categories were dependent on the faba bean proportions (Table 1).  
     The field design was based on two transects, on two locations in the each field. 
One that was called “Edge”, approximately 10 metres in and the other, called 
“Center”, approximately 50 metres in, or in the center of fields that were less than 
100 metres wide.. The two transects were 50 metres long and included to take more 
samples from a larger part of the fields, compared to only taking the samples from 
one transect. 
 
 

2. Method 
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Table 1. Table of the experimental sites, their area, cultivar, sowing date and wether or not there 
was faba bean in the area previous year. The faba bean fields are categorized as either ‘Yes’ or 
‘No’. All the sites had organic faba beans and the area is the field area in hectares. Proportion of 
faba bean and arable land are for the two kilometre buffer. Proportion for one and three kilometres 
can be found in Appendix (Table A1). 

Site Area 
(ha) 

Cultivar Sowing 
date 

Faba 
beans 
(%) 

Arable 
land (%) 

Faba 
beans 

Hästholmen 2.37 Birgit 01-05-24  6 41 Yes 
Heda 16.81 Birgit 01-05-24  6 42 Yes 
Boxholm 24  Daisy 02-05-24 3 12 Yes 
Stigtomta 10  Tiffany 07-05-24 0 21 No 
Skeppsås 10.57  Birgit 03-05-24 0 73 No 
Vikingstad 25.29  Tiffany  19-05-24 5 41 Yes 
Söderköping 4.66 Birgit  28-05-24 2 24 Yes 
Kättorp 21  Aurora 20-05-24 9 61 Yes 
Askeby  9.75  Birgit 10-05-24 3 44 Yes 
Norrköping 36.5  Birgit 26-05-24 3 15 Yes 
Skänninge 34  Birgit 03-05-24 0 67 No 
Vikbolandet 18.3  Aurora 19-05-24 0 13 No 
Finspång 5.36 Fanfar 14-05-24 0 10 No 
Orlunda 7.96  Birgit 15-05-24 0 29 No 
Ekholmen 4.5 Birgit 13-05-24 0 31 No 

 

2.2 Data collection 

2.2.1 Inventory of pollinators 
To investigate the abundance and distributions of pollinators, each field was 
inventoried at least two times and at most five times during the flowering of the 
faba bean plants. Mean visitation times were 3.4 times between the dates 2024-06-
18 and 2024-08-02 (Table A2). Further, in addition to the species, the behaviour of 
the insects collecting pollen and nectar were observed and noted as following;  
regular flower visitor (Poll), nectar robbers (Rob) and visitors of extrafloral 
nectaries (Efn). The regular flower visitors, collect nectar and pollen at the same 
time, and takes the pollen to the next plant. Nectar robbers steal nectar without 
collecting pollen, wich affects the reproduction and quality of the plants that they 
are visiting (Sakhalkar, et al., 2023). Exrafloral nectaries are not a part of the 
pollination, but the glands excrete nectar that are attractive to many insects. It is, 
for example, common that ants and honeybees visit plants to collect the sugary 
liquid (Lanan 2021). 
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     During the inventories, pollinators on faba beans in each transect was observed 
one meter to each side and for exactly ten minutes. At the time of the inventory, the 
temperature was always above 15 degrees Celsius, enough sun to discern a shadow, 
dry vegetation and not more wind than 4 on the Beaufort scale. These weather 
criteria, combined with a difference in flowering time for the fields, resulted in 
variations in inventory times, which was included as a factor in the models for the 
pollinators. 

2.2.2 Collecting of eggs from Bruchus rufimanus 
The assessment of the eggs from B. rufimanus were done by collecting 50 pods 
from each transect. The plants were at crop stage BBCH 75, when 50 percent of the 
pods were set. The egg collection were done between 2024-07-22 and 2024-08-09 
(Table A3). To even the distribution of pods, every third pod was taken from the 
higher part of the plant, every third from the middle and every third from the lower 
part of the plant. The pods were carefully placed in a paper bag and inspected in the 
laboratory to count the densities of eggs within 24 hours. 

2.2.3  Damage on the pods by Bruchus rufimanus 
To evaluate the infestation of B. rufimanus in the beans, pods were manually 
harvested (70 pods from each transect) when at least 70 percent of the pods at the 
field were matured, at BBCH 87 to 89. Collection of pods were done between 2024-
09-03 and 2024-10-02 (Table A4) To even the distribution of pods, every third pod 
were taken from the higher part of the plant, every third from the middle and every 
third from the lower part of the plant. The pods were then left in the lab for 
approximately a month before they were opened and the damage done by B. 
rufimanus were estimated as proportion of beans with emergency holes of all beans 
counted.  

2.3 Statistical analysis  
The statistical analysis were performed in R 4.4.1 for Windows (R Development 
Core Team, 2024 ). The data were converted from an Excel matrix and organized 
into data frames from in R using the packages readxl, dplyr, tidyr, ggplot2 and 
lubridate. 
     For the statistical analysis the transects edge and center were named ‘Position’. 
The inventoried pollinator numbers, ‘Apis’ and ‘Bombus’, were summarized over 
the transects within each ‘Position’ (edge or center) across the season and grouped 
as honeybees (Apis mellifera) and bumblebees (Bombus spp.). The eggs counted 
per pod, ‘Summarized Eggs’, were summarized as total eggs per transect. The 
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estimated damage done by the adult beetle, ‘Proportion damaged beans’, was 
calculated as a proportion damage beans of total beans per transect. 
      The response variables, ‘Summarized Eggs’, ‘Apis’, ‘Bombus’ and ‘Proportion 
damaged beans’ were tested against the continuous fixed effects ‘Position’, 
‘Proportion of arable land’, ‘Faba beans- yes or no’ and ‘Sowing day’, with ‘Field’ 
as a random factor, with the two kilometre buffer. The lmer package (lme4), was 
used to fit the data to the linear mixed effects models for Eggs, Apis and Bombus. 
The response variables were fitted with a negative binomial distribution (glmer.nb) 
and the offset number of pods for the analysis of the eggs and the offset total 
inventory visits for Apis and Bombus. The proportion data of the response variable 
‘Proportion damaged beans’ were fitted with a general linear mixed model and the 
package glmmTMB, with a beta regression and ‘logit’ link. Continuous 
independent variables were rescaled to improved model fits. The fixed effects were 
checked for multi-collinearity with vif (variance inflation factors), indicating no 
cross correlation (VIF < 1.18 in all cases).  
     The package DHARMa was used to check the models for under- and over 
dispersion and validity (Hartig 2022). A QQ- plot was performed to check for  
significant deviation. The homoscedasticity was checked with the DHARMa non-
parametric dispersion test. No model contradictions to the model assumptions were 
found in the DHARMa tests. A Wald chi-sqaure- (ꭓ2) -test was assessed to check 
for the significance of the effects in the model, using the Anova (car) package.  
     The packages (effects) and (ggplot) was used for the visualization of the models.  
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3.1 Pollinator distribution 
For all the experimental sites 355 individuals of 7 different species of pollinators 
were collected, of which honeybees (Apis mellifera) were most common (60,8%, 
Table 2). Due to the low number of Bombus spp., the species were not grouped as 
short- and longed tongued, but instead analyzed together.  

Table 2. Species list of noted pollinators with scientific name, behaviour and number of observed 
individuals. EFN=extrafloral nectary, poll=regular pollination, rob=nectar robbing. *Eight 
individuals presented more than one behaviour. ** The behaviour of three individuals in these 
species are unknown.  
Species EFN Rob Poll Total number 
Apis mellifera* 89 60 67 216 
Bombus terrestris** 6 52 48 108 
Bombus lapidarius 1 8 6 15 

Bombus pascuorum  1 1 2 
Bombus soroeensis  4 0 4 
Bombus hortorum   2 2 

Bombus subterraneus  
 

6 6 
Bombus sylvarum  

 
1 1 

Bombus hypnorum**  
 

  1 

 
 
 
 
 

3. Results 
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3.2 Analysis of bean damage and pollinator visits 
Results from the statistical analysis are shown in Table 3. ‘Position’, had very large 
p-values (Table 3) and thereby there was no difference between edge and center for 
neither of the investigated response variables. 

Tabell 3. Results from the chi-square(ꭓ2)- test and p-value of number of eggs per pod (Eggs), 
proportion of beans with emergence holes (Damage),  number of honeybees per visit (Apis )and 
number of bumblebees per visit (Bombus) for each of the fixed variables. Df (Degrees of freedom) 
are marked in the upper left corner and applies to all response variebles. Significance (p<0.05) is 
marked in bold. 

Df = 1        Eggs                   Damage                  Apis                Bombus 
 ꭓ2 p ꭓ2 p ꭓ2 p ꭓ2 p 

Position 0.002 0.964 0.370 0.542 0.045 0.832 1.431 0.232 

Arable Land 2.019 0.155 1.159 0.281 3.954 0.047 4.099 0.043 

Faba Beans 1.762 0.184 0.069 0.791 0.686 0.407 0.519 0.471 

Sowing Date 1.860 0.172 0.348 0.555 1.254 0.263 0.347 0.556 
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There was no significant relation between faba bean cover ‘Yes’ and ‘No’ for any 
of the response variables (Table 3, Figure 1).   
 

 

Figure 1. Figures of the model for ‘Faba Beans’, with with means  and  95% confidence intervals 
and thedata points. X-axis of all figures has the same intervals, but the y-axis has different intervals 
due to different scale on the data points 
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There was a significant relation between the response variables Apis and Bombus 
and the fixed variable ‘Arable Land’ (Table 3, Figure 2). The results implies that 
bumblebees per visit decrease with higher cover of arable land in the area (Figure 
3D). But for all responses except bumblebees per visit there was positive tendencies 
for increased densities with higher cover of arable land, for honeybees this 
relationship was statistically significant (Figure 3B).  
 

 

Figure 2.  Figures of the model for ‘Arable Land’, with line for effect sizes, 95% confidence intervals 
and the data points. X-axis of all figures has the same intervals, but the y-axis has different intervals 
due to different scale on the data points. Filled lines indicates significance and dashed lines 
indicates no significance.  
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There was no significant relation between sowing day and any of the response 
variables (Table 3).  
 

 

Figure 3. Figures of the model for ‘Sowing Day, with line for effect sizes, 95% confidence intervals 
and the data points. X-axis of all figures has the same intervals, but the y-axis has different intervals 
due to different scale on the data points. 
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The results reveals that there is statistically significant relation between pollinator 
densities and cover of arable land in the landscape. There are, however, no 
statistical significant relation between neither faba bean cover nor sowing date and 
the tested response variables.  

4.1 Apis mellifera and Bombus spp. 
Honeybees increased with higher cover of arable land, but were unaffected by faba 
bean cropping in the previous year and sowing date. With honeybees being the most 
common  managed pollinator, the hives are often placed where the beekeeper thinks 
is the best spot for honeybees, where their nutritional need is covered for the largest 
period of time (James & Pitts-Singer 2008). This means that beehives are often 
placed in arable land with much flowering crops or many wild flowers, or simply 
where beekeepers are productive (Rebolledo Ranz 2020).  
     Bumblebees did, however, decrease with higher cover of arable land, but were 
also unaffected by sowing date and faba bean cultivation in the previous year. 
Bumblebees are wild pollinators and are therefore not managed as honeybees often 
are. The decrease in bumblebee densities further establish that wild pollinators are 
sensitive to natural habitat reductions and loss of adequate nesting spots (Potts et 
al. 2010; Williams et al. 2010; Olynyk et al. 2021). 
     Although mass-flowering crops increase the densities of pollinators, too high 
cover of these crops, like faba beans, could dilute the bumblebee population instead, 
leaving it to be fewer individuals visiting each field (Riedinger et al. 2015; 
Holzschuh et al. 2016). Further, even though both faba bean cover and arable land 
were analyzed in this report, there are factors in the landscape that were not 
considered. One being closeness to cities and to bigger roads, where the bumblebee 
queen mortality tends to be higher (Dániel-Ferreira et al. 2022).  
     The non-significant correlations between faba bean cover and sowing date on 
pollinators densities suggest that there are other, more important factors driving 
pollinator densities. Different pollinators have different ways of foraging and while 
som species prefer certain plants and locations, others are more likely to visit many 
different plant species (Campbell et al. n.d.). Pollinator diversity are affected by the 
diversity of available flowers (Fründ et al. 2010) and even if an later sowing date 

4. Discussion 
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will make the faba bean flowers available later, there might still be attractive 
flowers in the area reducing the effect of the sowing date.   

4.2 Bruchus rufimanus eggs and damage on pods 

Eggs per pod and damage per pod was not significantly affected by any tested 
variable. Eggs per pod showed numerically somewhat higher numbers with 
increased proportion of faba beans in the landscape in the previous year. While 
some Bruchus rufimanus overwinter inside faba beans, reducing quality and 
making them unuseful for human consumption, some of the beetles leave the pods 
as early as September. They will find another hibernation spot, under leaves and in 
mulch for example, ready to infest next years’ faba bean cultivation. The beetles 
staying in the pods are removed from the area with harvest and if they are not grown 
for seed, they will not see faba bean fields again. (Ekbom 2012; Andersson 2021). 
The weak correlation between faba bean cover and infestation of B. rufimanus 
suggest that other factors might be disturbing the results and one such factor being 
that the use of infested seeds that were grown in other areas previous year could 
affect the infestation rate in the fields subsequent growing season (Watanabe 1990; 
Andersson 2021).  
     Damage per bean was, however, more or less the same indepent of the faba bean 
cropping in the previous year. The mortality rate for eggs on pods, larvae, pupae, 
and adult beetle varies, suggesting that some of the eggs might not have made it to 
adulthood (Seidenglanz & Huňady 2016).  
     Though not significantly, delayed sowing day numerically decreased number of 
eggs per pod and to a lesser extent damage per bean, but there was large variation 
rendering the results uncertain. The relationship is, however not strong and while 
the delayed sowing will ultimately lead to delayed flowering and thereby pollen 
production of the plant, B. rufimanus might not be as affected of this as previously 
assumed. Since consumption of pollen from the plant is a crucial part of the females 
sexual development, it is possible that the life cycle can be altered to fit the 
flowering of the host plants (Segers et al. 2021). The idea with a delayed sowing 
date is to delay flowering, which could affect pollinator densities and pest pressure 
(Szafirowska 2012; Ward 2018; Toivonen et al. 2019; Eberle et al. 2024). Because 
flowering time was not included in the analysis, it is difficult to conclude whether 
a later sowing date delayed flowering or if the faba beans had equalized flowering 
time, regardless of sowing date. 
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4.3 Conclusions 

In conclusions, the results in this project indicates that while pollinator densities 
were affected by cover of arable land, faba bean cover and sowing date, did not 
have a significant impact. Honeybee densities decreased with higher cover of arable 
land, likely because of beehive placement. The bumblebee densities were reduced 
with higher cover, highlighting wild pollinator sensitivity to habitat loss and lack 
of nesting sites. The results emphasize the importance of wild pollinator 
conservation for plant health, ecosystem stability and agricultural productivity, as 
managed pollinators can not fully replace the ecological functions of wild 
pollinators. Further, due to the low number of different species of Bombus, it was 
not possible to divide them into different groups of for example short tongued and 
long tongued bumblebees, but it would have been interesting to see how the 
different categories would respond to the different variebles. 
     As for B. rufimanus, the findings indicats that there were no significant 
relationships between neither faba bean cover nor sowing date and eggs per pod or 
damage on the pods. While tendencies to trends were observed, such as a slight 
decrease in eggs per pod with delayed sowing, the results showed too much 
variation to be viable. The weak correlation between infestation of B. rufimanus 
and faba bean cover indicates that other factors, such as the use of infested seeds, 
might have more weight in pest dynamics of B. rufimanus.  
     The uncertainty of the results, due to the complexity of landscape analyses, 
makes it difficult to draw firm conclusions of the work. This could partly be 
resolved by including more factors in the analysis, such as closeness to cities and 
bigger roads. However, while interesting to include, some factors might be to 
extensive to measure, as for example, wild and ley flower densities. To further 
investigate the legacy effects of faba beans in the landscape and help plan crop 
rotation, it would be interesting to do a follow up on the experimental sites next 
year, provided that the there will be cultivation of faba beans. 
     Overall, this work highlights the complexity of landscape analyses and the 
relationships between resources at landscape scale and its effects on pests and 
pollinators. Agricultural land with mostly annual crops decrease the densities of 
wild pollinators and there is a need to further investigate on implementation of 
natural habitat management for conservation of wild pollinators. Understanding the 
drivers of pollinator decline and pest infestation rates in fields is needed to follow 
how integrated pollinator and pest management (IPPM) could be used in practice.  
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Promotion of domestic legume cultivation is becoming increasingly important for 
health, economy and environmental reasons. Animal fodder has for a long time 
been the main reason for faba bean cropping in Sweden, but in later years faba 
beans has become an interest for human consumption. The crop is, as many other, 
exposed to pest pressure and particularly the broad bean beetle (Bruchus 
rufimanus). Pest control in agriculture is becoming increasingly difficult due to 
resistance and ban of pesticides. At the same time, pollinators are decreasing due 
to a history of over-using insecticides and lack of suitable living environments. 
Cultivation of mass-flowering crops, such as faba beans, could be away to reduce 
the decline of pollinators.  
     In this project, I investigated faba bean cultivation and its impact on infestation 
of the broad bean beetle (Bruchus rufimanus) and pollinator activity in faba beans. 
I also looked at how cover of arable land and the sowing date affects pollinators 
and pests in faba beans. This was done by inventory of pollinators, counting of 
broad bean beetle eggs per pod and counting of proportion of beans damaged by B. 
rufimanus. 
     I found that higher cover of arable land decreases the densities of wild 
pollinators and increases the managed honeybees. This led med to conclude that the 
way farmland is managed today, it is not beneficial for important pollinators. The 
other factors, cover of faba bean and sowing date, did not have an effect on neither 
pollinators nor pests. Therefore, I conclude that there is a need for further 
investigation on how farmland should be managed to mitigate pollinator decline 
and pest infestation.  
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Appendix  

Table A1. Proportion arable land and proportion faba beans for the 15 fields for buffert radii one 
and three kilometer 

  
Distance Arable land (%) Faba bean (%) 

Hästholmen 1000 43 8 
Boxholm 1000 3 7 
Vikingstad 1000 44 11 
Söderköping 1000 28 4 
Heda 1000 41 14 
Norrköping 1000 23 11 
Kättorp 1000 49 6 
Askeby 1000 56 7 
Skänninge 1000 66 0 
Stigtomta 1000 19 0 
Finspång 1000 14 0 
Vikbolandet 1000 9 0 
Orlunda 1000 32 0 
Ekholmen 1000 45 0 
Skeppsås 1000 74 0 
Hästholmen 3000 38 3 
Boxholm 3000 8 1 
Vikingstad 3000 41 3 
Söderköping 3000 2 2 
Heda 3000 49 4 
Norrköping 3000 13 1 
Kättorp 3000 65 5 
Askeby 3000 31 2 
Skänninge 3000 59 0 
Stigtomta 3000 2 0 
Finspång 3000 1 0 
Vikbolandet 3000 12 0 
Orlunda 3000 24 1 
Ekholmen 3000 32 1 
Skeppsås 3000 68 1 
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Tabell A2. Pollinator inventory dates 

 
Site Inventory 1 Inventory 2 Inventory 3 Inventory 4 Inventory 5 
Heda 2024-06-18 2024-06-25 2024-06-27   
Hästholmen 2024-06-18 2024-06-25 2024-06-27   
Skeppsås 2024-06-20 2024-06-25 2024-06-27   
Skänninge 2024-06-20 2024-06-25 2024-06-26 2024-07-19  
Askeby  2024-06-24 2024-06-26 2024-07-02   
Boxholm 2024-06-25 2024-06-27    
Stigtomta 2024-06-27 2024-07-02 2024-07-09   
Orlunda 2024-07-01 2024-07-02 2024-07-09 2024-07-12 2024-07-19 
Ekholmen 2024-07-02 2024-07-09 2024-07-11 2024-07-12 2024-07-19 
Finspång 2024-07-02 2024-07-09 2024-07-10 2024-07-12  
Kättstorp 2024-07-03 2024-07-09 2024-07-11 2024-07-12 2024-07-19 
Vikingstad 2024-07-03 2024-07-09 2024-07-19   
Norrköping 2024-07-08 2024-07-09 2024-07-10 2024-07-12  
Vikbolandet 2024-07-09 2024-07-10 2024-07-11 2024-07-12  
Söderköping 2024-07-25 2024-07-29 2024-07-30 2024-08-01 2024-08-02 

 

Tabell A3. Egg collection dates 

 
Site Date Year 
Heda 22-jul 2024 
Hästholmen 23-jul 2024 
Boxholm 23-jul 2024 
Skänninge 24-jul 2024 
Skeppsås 24-jul 2024 
Askeby  25-jul 2024 
Stigtomta 26-jul 2024 
Ekholmen 29-jul 2024 
Orlunda 30-jul 2024 
Vikbolandet 2-aug 2024 
Vikingstad 5-aug 2024 
Kättstorp 9-aug 2024 
Finspång 9-aug 2024 
Norrköping 9-aug 2024 

 
 
 



35 
 

Tabell A4. Pod collection dates 

Field Date 
Skänninge 2024-09-03 
Hästholmen 2024-09-13 
Heda 2024-09-13 
Boxholm 2024-09-13 
Skepssås 2024-09-13 
Vikbolandet 2024-09-14 
Stigtomta 2024-09-21 
Ekholmen 2024-09-20 
Orlunda 2024-09-20 
Kättstorp 2024-09-20 
Norrköping 2024-09-20 
Finspång 2024-09-21 
Askeby 2024-09-20 
Vikingstad 2024-09-21 
Söderköpng 2024-10-02 
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