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Abstract 
Context Intensive agriculture drives insect decline 
impacting insect-mediated ecosystem services that 
support production. Crop diversification shows prom-
ise in increasing crop productivity and enhancing eco-
system services, however, the impact on biodiversity 
conservation, particularly of pollinators, is unclear.
Objectives Here, we synthesize the mechanisms 
and current evidence base of how increasing the spa-
tial and temporal diversity of crops within and across 
agricultural fields can benefit pollinator biodiversity.
Methods We focus on research in the highly inten-
sified agricultural regions, in Western Europe and 

North America, from which we know a lot about 
pollinator decline, but use inspiration from tropical 
regions.
Results We find that higher crop diversity, with 
sequentially flowering cultivars, intercropping prac-
tices, and a larger coverage of flowering crops, for 
example through integrating the cultivation of forgot-
ten, novel, and woody crops increases flower resource 
availability throughout the active flight period of 
pollinators. All practices can increase landscape het-
erogeneity, which is further enhanced by decreasing 
field sizes. As a result, the functional connectivity 
increases, which improves the flower accessibility 
within the foraging ranges of pollinators.
Conclusions Our review highlights the potential 
benefit of various crop diversification measures for Collection: Effects of agricultural landscapes on 

biodiversity, ecosystem services, and yield.
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supporting pollinating insects without taking land out 
of production, as well as the limitations, including 
that only a subset of pollinator species may benefit. 
Empirical evidence suggest that diversification prac-
tices could benefit pollinators, but landscape-wide 
studies are needed to properly evaluate the true poten-
tial of crop diversification for pollinator conservation 
as part of the solution for bending the curve of pol-
linator decline.

Keywords Agriculture · Biodiversity conservation · 
Crop diversity · Flower resources · Hoverflies · 
Landscape diversity · Wild bees

Introduction

Agricultural intensification and landscape 
simplification are among the main drivers of insect 
biodiversity decline within agricultural landscapes 
(Goulson 2021; Priyadarshana et  al. 2024). Yet, 
crop production benefits from insect-mediated 
ecosystem services, such as natural pest control and 
crop pollination (Kleijn et  al. 2019). Diversifying 
agricultural systems could increase ecosystem service 
delivery, yield stability and resource use efficiency 
(Tamburini et  al. 2020). Establishing non-crop 
habitats like buffer strips, wildflower strips and high-
quality landscape features is considered essential for 
biodiversity conservation (Batáry et  al. 2015; Pe’er 
et  al. 2017), but uptake of these measures depends 
largely on subsidies, and is relatively low because they 
take land out of production (Pe’er et al. 2017; Kleijn 
et  al. 2019). Instead, crop diversification might be a 
more acceptable option to support biodiversity and 
crop productivity (Kovacs-Hostyanszki et  al. 2017). 
Here, we define crop diversification as increasing the 
spatial and temporal diversity of crops within and 
across agricultural fields, compared to specialized and 
simplified cropping systems (Hufnagel et  al. 2020). 
Indeed, there is growing evidence that diversification 
practices, such as intercropping or wider crop 
rotation, can increase crop yield, and multiple 
ecosystem services supporting crop yield, such as soil 
fertility, nutrient cycling and weed, pest and disease 
control (Tamburini et al. 2020). However, it is unclear 
whether these crop diversification practices also have 
the potential to halt or reverse biodiversity decline in 
agricultural landscapes. Specifically, there is a crucial 

knowledge gap on how crop diversification affects 
insect pollinator conservation (Tamburini et al. 2020; 
Beillouin et al. 2021).

Over several decades, agricultural landscapes in 
Europe and North America have changed drastically 
from diverse landscapes with small-scaled fields 
and many natural elements, to landscapes with 
relatively large-scaled fields of intensively managed 
monocultures, resulting in substantial habitat loss 
and landscape homogenization (Batary et  al. 2017; 
Goulson 2021; Hemberger et  al. 2021). As a result, 
flower resource availability and continuity is greatly 
reduced (Goulson 2021). The remaining flowers are 
scattered widely in the landscape, making large parts 
of the landscape unsuitable for most pollinators. 
If crop diversification practices involve adding 
flowers (e.g. through flowering crops, temporary 
grasslands with flowers, or weeds), nesting sites, or 
improve the accessibility of resources (i.e. reduce 
the distance between reproduction and foraging 
sites; including increased landscape heterogeneity), 
these practices have the potential to reverse the 
negative pollinator trends (Raderschall et  al. 2021). 
For example, flowering crops provide ample food 
resources throughout their short flowering period, 
thereby supporting pollinator abundance and 
diversity (Holzschuh et al. 2013; Dainese et al. 2018), 
population growth (Westphal et  al. 2003, 2009; 
Schweiger et  al. 2022) and sometimes reproduction 
(Rundlöf et al. 2014).

Crop diversification has the largest conservation 
potential for those pollinators that visit crops, 
but other species can benefit too. Only a small 
proportion of all pollinators is expected to visit 
crops (Senapathi et al. 2015). A field study in Italy 
showed that about 10% of the local pollinator species 
pool will visit any flowering crop, and cumulatively, 
36% of all pollinator species encountered in non-
crop areas in the study area were also observed on 
flowering crops (Martínez‐Núñez et al. 2022). With 
increasing crop diversity, this percentage will most 
certainly increase (Martins et  al. 2018; Winfree 
et  al. 2018). On top of that, crop diversification 
measures that additionally increase the amount 
of semi-natural habitat (e.g. non-productive 
margins between fields) will also benefit non-crop 
pollinators (Sutter et  al. 2017; Fijen et  al. 2019). 
Furthermore, pollinator populations in agricultural 
landscapes usually consist of relatively common 
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species (Kleijn et  al. 2015), but it is exactly those 
species that are declining the most (van Klink et al. 
2024) and therefore need supporting interventions 
as these species often contribute considerably to 
crop pollination (Kleijn et al. 2015).

Here, we qualitatively review the literature on the 
emerging research field of how crop diversification 
can promote pollinator conservation, and highlight 
research opportunities to better understand the 
benefits of crop diversification practices to insect 
pollinators (notably wild bees and hoverflies). 
Such insights can help target research agendas, and 
inform policies (e.g. EU Pollinator Initiative, or 
U.S.A. Conservation Reserve Program) on which 
crop diversification measures are most beneficial 
for pollinator conservation. We focus mainly on 
research conducted in Europe and North America, 
from which we know a lot about pollinator decline 
(Wagner 2020). More specifically we focus on 
Western Europe, because Eastern Europe is a 
greatly understudied region. Yet, we use additional 
examples from tropical regions, where there is 

a strong history in crop diversification measures 
(Altieri 2013).

Four main mechanisms through which crop 
diversification can support pollinators

Crop diversification increases flower resource avail-
ability if flowering crops are added [e.g., fruit, oil or 
leguminous crops, flowering temporary grassland; 
(Hufnagel et  al. 2020); Fig.  1]. Therefore increased 
flower resource availability is a main mechanism 
through which crop diversification can contribute to 
enhanced pollinator conservation (Table 1). The most 
abundant insect pollinator groups in intensified agri-
cultural systems in Europe and North America are 
bees and hoverflies (Rader et al. 2016). Both groups 
are highly diverse and show large differences in life 
history. Yet, a shared trait is their usage of flowers 
for nectar for self-maintenance in the adult stage, 
and bees also collect pollen for their brood (Westrich 
1996; Rotheray and Gilbert 2011). Hoverflies can 

Fig. 1  Schematic figure of increasing spatial and temporal 
resource availability and accessibility at the landscape-scale 
with increasing crop diversification practices (i.e., going from 
left to right). A Landscapes with increasing uptake of different 
crop diversification practices. In these hypothetical landscapes, 
pollinators can extract resources within their foraging range. 
B The corresponding effect of diversification practices on the 

flower resource abundance, diversity and continuity throughout 
time within the pollinators’ foraging range, which is expected 
to benefit pollinator populations. Smaller crop fields also lead 
to higher landscape functional connectivity, and when non-pro-
ductive field margins increase, also enhanced nesting habitat 
availability
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additionally benefit from non-flowering crops for lar-
val food resources (e.g. aphids or decaying organic 
matter) and oviposition sites (Rotheray and Gilbert 
2011). As each crop species has a specific (flower) 
morphology and phenology, they can benefit different 
pollinator species by providing additional resources 
(e.g. flowers, nesting and oviposition sites), thereby 
complementing the resources provided by pre-exist-
ing non-crop habitat (Mallinger et al. 2016; Martínez‐
Núñez et al. 2022).

Another main mechanism of increased diversity 
of flowering crops is an expected increased flower 
resource continuity at the landscape scale (Fig. 1). A 
longer food supply can substantially extend the lon-
gevity of hoverflies (Pinheiro et al. 2013), but effects 
on wild bees are less clear (Straka et al. 2014; Malfi 
et al. 2019). Two recent empirical studies using reared 
colonies of bumblebees indicate that gaps between 
flower resource pulses can have negative effects on 
reproductive outputs (Hemberger et  al. 2022; Sch-
weiger et  al. 2022). However, landscape studies on 
the explicit effect of sequentially flowering crops on 
wild pollinator populations are virtually lacking (but 
see Martins et al. 2018; Hemberger et al. 2023), and 
effects of landscape-scale crop diversity on pollina-
tor diversity are ambiguous (Mallinger et  al. 2016; 
Martínez‐Núñez et al. 2022). Future landscape-scale 
studies should be specifically designed to investi-
gate the effect of enhanced crop diversification on 
resource complementarity and continuity, and, sub-
sequently, on pollinator populations. With increasing 
crop diversification, we expect to have an enhanced 

spatio-temporal availability and continuity of flower 
resources at the landscape scale (Fig.  1), which is 
particularly important to suit more pollinator spe-
cies, and the social species (mainly European honey-
bees Apis mellifera, and bumblebees Bombus sp.) that 
build up colonies during the year (Bishop et al. 2024).

Crop diversification practices may also enhance 
the spatial availability of flower resources within 
the foraging ranges of pollinators (Hemberger et  al. 
2022) if field sizes are reduced (Fig. 1). Reduced field 
sizes in diversified farming systems can be expected 
through the introduction of specific practices, such 
as intercropping, or splitting of fields to grow more 
crops in the same area. This is specifically relevant 
for wild bees because they are central place foragers 
with their nests typically located outside agricultural 
fields, requiring them to find food within their 
foraging range. Wild bees can have limited foraging 
ranges of less than a hundred meters (Greenleaf et al. 
2007), and even species that can fly further have 
better reproduction success if food availability is 
higher close by (Ganser et al. 2021).

In addition to increasing the resource availability 
within pollinator foraging ranges, higher crop 
diversity and measures that reduce field sizes are 
promising spatial diversification measures to boost 
pollinator conservation through increased landscape 
functional connectivity. Large-scale, multi-taxa 
studies aiming at disentangling the effects of 
composition and configuration found that reducing 
field size at the landscape scale enhances multi-taxa 
diversity including bees, hoverflies and butterflies 

Table 1  Overview of the crop diversification practices and how they would contribute to the mechanisms that would lead to 
increased pollinator conservation

Effects are evaluated and qualitatively scored based on the empirical evidence found in the literature (+ somewhat positive, ++ positi
ve, +++ strongly positive, ± neutral)

Diversification practice Increased 
flower 
availability

Increased 
flower resource 
continuity

Increased flower accessibility 
within foraging range (i.e. 
flight distance reduced)

Increased landscape functional 
connectivity (i.e. permeability 
of the landscape)

Sequential crop cultivar 
flowering

± +++ ± ±

Intercropping practices +++ +/++ ++ ±
Flowering cover crops +/++ + ± ±
Re-introducing forgotten crops +++ + ± ±
Introducing novel crops ++ + ± ±
Introducing woody crops ++ ++ ± ++
Reducing crop field size + ± +++ +++
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(Priyadarshana et  al. 2024; Sirami et  al. 2019). 
More crop edges can benefit functional connectivity 
for pollinators even without any addition of non-
crop habitat. For example, a phytometer experiment 
showed that pollen transfer between cornflowers 
(Centaurea cyanus) was four times higher along 
crop-crop edges than from the crop edge into a cereal 
crop, and along a crop-semi-natural habitat edge, 
and the effect was stronger when the crops were 
structurally contrasting (Hass et al. 2018). This shows 
that increasing crop-crop edge density can facilitate 
the movement of pollinators, thereby increasing the 
functional connectivity. Although not being a crop 
diversification practice per se, more heterogeneous 
landscapes often have a larger amount of pollinator-
attractive linear structures at field edges, like grassy 
margins, headlands or hedgerows (Fig.  1). These 
structures also increase landscape connectivity and 
therefore pollinator movement across the landscape 
(Hass et al. 2018), which can be especially beneficial 
for pollinators specialized on non-crop resources, 
with low dispersal ability, or free-ranging species 
(e.g. hoverflies). The features themselves also provide 
complementary food and nesting/oviposition sites for 
pollinators compared to crop resources (Eeraerts et al. 
2021; Martínez‐Núñez et al. 2022).

Crop diversification practices

Below we will discuss crop diversification practices 
that are increasingly being promoted in intensive 
agricultural landscapes, and how they contribute to 
the four main mechanisms that support pollinator 
conservation (Table 1).

Increasing cultivar diversity

In most intensive cropping systems, almost all 
field crops consist of a single cultivar (Hufnagel 
et  al. 2020). Yet, especially in fruit crops, it can be 
common to combine several cultivars to extend the 
production period, to facilitate cross-pollination or 
both (MacInnis and Forrest 2019; Eeraerts 2022; 
Anders et al. 2023). Growing multiple cultivars could 
extend the flowering period of a crop (i.e. higher 
resource continuity) or provide cultivars with variable 
flower traits (Kirsch et al. 2023). Different pollinator 
species can be attracted to different cultivars because 

they vary in flower morphology (Courcelles et  al. 
2013; Ferguson et al. 2021), floral rewards (Estravis-
Barcala et  al. 2021) and floral attractants (Ceuppens 
et al. 2015; Prasifka et al. 2018). This could result in a 
higher overall species richness of pollinators in fields 
with multiple compared to single cultivars. Only few 
studies investigated the effects of different cultivars 
on pollinator communities, finding complementary 
pollinator communities visiting different cultivars 
in sunflower (Helianthus annuus) and sweet cherry 
(Prunus avium; (Ferguson et  al. 2021; Eeraerts 
2022)), but not in faba bean (Vicia faba; Kirsch et al. 
(2023)). Yet, studies on this topic with adequate site 
replication, and that explore the mechanisms are 
lacking. Expanding the concept of multi-cultivar 
crops to more field crops could yield larger benefits to 
pollinators, but depending on the production system, 
it might be more challenging for farmers to harvest 
and sell cultivar mixtures (Chabert et al. 2024).

Intercropping practices

Rather than having fields of single crops, more than 
one crop could be grown in a field simultaneously, 
i.e. intercropping (Vandermeer 1992; Hufnagel 
et  al. 2020). The spatial degree of crop mixing can 
vary, from strip or pixel cropping where each crop 
is grown in alternating strips or small-scale plots 
(e.g. 1   m2), to mixed intercropping where crops are 
freely mixed without any fixed spatial arrangement. 
Likewise, the temporal degree of mixing can vary 
from synchronous establishment and harvest, to 
relay cropping where a second crop is established 
during growth of the first crop (i.e., undersowing; 
Gardarin et al. (2022)). The effect of these practices 
on pollinator conservation has only recently gained 
attention. Intercropping at the (experimental) field 
level increases pollinator densities relative to the 
sole non-flowering crop when harvestable flowering 
crops (Hüber et  al. 2022; Brandmeier et  al. 2023), 
or cover crops are added (Norris et  al. 2018; Boetzl 
et  al. 2023), or when two or more flowering crops 
are combined (Dingha et  al. 2021; Grof-Tisza et  al. 
2024). Furthermore, a study at the experimental 
plot level found that faba bean intercropped with 
wheat (Triticum aestivum; grown in alternating rows) 
had similar pollinator densities as faba bean sole 
crops, even though the faba bean sowing density 
was reduced by 50% when intercropped (Kirsch 
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et  al. 2023). This results suggests that intercropping 
at the field scale can translate to disproportionate 
benefits for pollinators at the landscape scale when 
intercropping flowering crops in 50–50% coverage on 
all fields, compared to growing 50% of the landscape 
with flowering sole crops.

Flowering cover crops

Resources for pollinators in agricultural landscapes 
can be enhanced through pollinator-attractive cover 
crops (Mallinger et  al. 2019). As cover crops are 
already regularly implemented by farmers (Pe’er 
et  al. 2017; Kleijn et  al. 2019), flowering cover 
crops can serve as a tool for promoting pollinators. 
Red clover (Trifolium pratense) might be such a 
high-potential flowering cover crop, especially for 
bumblebees (Bombus spp.), as it provides high 
quality food for hibernating queens (Riggi et  al. 
2021; Cole et al. 2022). Summer cover crops, which 
are more common in arid areas in North America 
and in the Mediterranean in Europe, have shown 
great potential for pollinators (Mallinger et al. 2019), 
but the benefit of winter cover crops for pollinators 
is clearly understudied (Shackelford et  al. 2019). In 
temperate regions, many winter cover crops do not 
come into flowering, or only very early or late in the 
season, limiting the potential benefits for pollinators. 
Strips of undestroyed winter cover crops in spring 
sown crop fields seem to be effective for pollinator 
conservation (Triquet et al. 2024), but farmers did not 
prefer to apply this (Kleijn et  al. 2019). One option 
to align cover crop flowering with the phenology of 
pollinators in temperate regions could be to establish 
cover crops as living mulches in spring sown crops.

Re-introducing forgotten crops

The large-scale adoption of synthetic fertilizer in 
intensive agriculture has strongly reduced the number 
of crops in the crop rotation, especially the cultivation 
of many nitrogen-fixing leguminous crops (Zander 
et  al. 2016; Hemberger et  al. 2021). In parallel, 
pollinators that prefer, or specialize on these lost 
crops also show the strongest declines (Scheper et al. 
2014). For example, a retrospective pollen-analysis 
showed that most of the threatened, once common, 
bumblebee species made extensive use of red clover, 
vetch (Vicia sp.), and lupins (Lupinus sp.; Kleijn and 

Raemakers (2008)), which used to be commonly 
cultivated, mainly as fodder or cover crops (Zander 
et al. 2016). Some of these forgotten crops (Padulosi 
et  al. 2002), both leguminous and non-leguminous, 
are still being consumed (e.g. buckwheat (Fagopyrus 
esculentum), lupins, camelina (Camelina sativa), 
and black chokeberry (Aronia melanocarpa)), or 
can be used again or more extensively by applying 
new technologies (e.g. food protein extraction from 
grass and clover). Reintroducing them locally, 
could have potential benefits for pollinators (Fijen 
et  al. 2022). However, very little is known about 
the specific benefits of (re-)introducing crops for 
pollinator biodiversity (Fijen et  al. 2022; Bishop 
et al. 2025), mainly because of logistic and practical 
bottlenecks during cultivation. A first step would 
be to characterize the local pollinator communities 
visiting these crops (Fijen et al. 2021, 2022), so that 
we can better predict which species could potentially 
benefit from re-introducing forgotten crops. A recent 
study introduced 1ha  lupin fields to landscapes 
without history of lupin cultivation, and compared 
measured  pollinator populations with agricultural 
landscapes without lupin. They found that lupin 
cultivation significantly increased bumblebee 
populations (the main lupin-pollinators) after 
bloom, but effects did not carry over to the second 
year (Bishop et  al. 2025). This suggests that while 
reintroducing a single crop has the potential to boost 
pollinator populations, more  additional  conservation 
measures  are needed to sustainably benefit 
pollinators. 

Novel crops

Nowadays, many of the most important crops are 
already cultivated outside their region of origin 
(Khoury et  al. 2016), and there is still potential for 
introduction of novel crops. Novel crops can be 
wild plants that are introduced or bred to become 
established crops, or crops originating from other 
geographical regions (Brown and Cunningham 2019). 
As only a small fraction of possible useful plants are 
currently grown as crops there is also great potential 
to diversify cropping systems with new crops through 
crop domestication (Krug et al. 2023). One example 
of a novel crop that support pollinators is the cup 
plant (Silphium perfoliatum L.), which now can be 
cultivated commercially as an alternative energy crop, 
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providing more pollen and nectar than maize (Zea 
mays; Mueller et al. (2020)). Such relatively recently 
domesticated crops can aid the population persistence 
and range expansion of their associated pollinators 
when cultivated in or close to the crops’ native range. 
For example, the domestication of squash (Cucurbita 
pepo) from Mexico to the whole of northern America 
has facilitated the range expansion of the squash bee 
(Peponapis pruinosa; Lopez-Uribe et  al. (2016)). 
However, introducing non-native crops might not 
always contribute much to pollinator conservation, 
as they are visited by fewer bee genera than within 
their region of origin (Brown and Cunningham 2019), 
and could become invasive and have net-negative 
effects on pollinators due to outcompeting the natural 
flowering resources (Ramula and Sorvari 2017). 
Non-native novel crops therefore have the potential 
to benefit pollinator conservation but need careful 
consideration. Crops that attract generalist pollinators 
or have their origin relatively close-by are probably 
most promising.

Woody and perennial crops

Many agronomically important flowering crops are 
perennial trees (e.g., almond Prunus amygdalus, 
apple Malus domesticus), shrubs (e.g. blueberry 
Vaccinium sp., raspberry Rubus idaeus), or forbs (e.g. 
strawberries Fragaria x ananassa). They provide 
important food sources, especially for pollinator 
species that are active early in the year (Mallinger 
et al. 2016; Bänsch et al. 2020; Eeraerts et al. 2021). 
Additionally, in perennial crops the soil is less often 
disturbed compared to field crops, which most likely 
increases nesting site availability for pollinators 
(Antoine and Forrest 2021). Old branches of shrubs, 
like bramble and raspberry, can also provide nesting 
sites for cavity nesting bees (Coates et  al. 2022), 
which are otherwise mainly found in semi-natural 
habitats (Eeraerts et al. 2021).

Interspersing woody crops with non-woody crops 
or livestock (i.e. agroforestry) therefore can aid 
pollinator conservation. This agricultural system has 
strong roots in the tropics, but has only recently gained 
attention in temperate regions. A recent review found 
mixed effects of agroforestry on pollinator diversity 
(Centeno-Alvarado et  al. 2023), resulting potentially 
from a range of different types of agroforestry. A 

meta-analysis dominated by Mediterranean studies in 
Europe showed that arthropod biodiversity (including 
pollinators) in silvo-arable systems (cropland + trees) 
was higher compared to cropland, but not for silvo-
pastoral (grasslands + trees) agroforestry (Mupepele 
et  al. 2021). For example, a field study with potted 
California poppy showed that sites with agroforestry 
had higher bee abundance in silvo-arable systems 
compared to monocrops, and therefore had a higher 
seed set (Varah et  al. 2020). Although relatively 
little is known in temperate regions (Graham and 
Nassauer 2019; Varah et al. 2020), it can be expected 
that woody plants in agroforestry systems benefit 
pollinators, as about 50% of the pollen collected by 
bees come from woody plant species (Wood et  al. 
2018; Bertrand et al. 2019; Schweiger et al. 2022).

Reducing field size

Reducing field sizes does not does not only increase 
spatial availability of floral resources and landscape 
functional connectivity (see mechanisms through 
which crop diversification can support pollinators), 
but may additionally increase the amount of floral 
resources available for pollinators. For example, 
diversity and density of flowering weed species 
is higher in field borders compared to the centers 
(Alignier et  al. 2020) and therefore enhanced in 
landscapes with higher field border density. Species 
richness of weeds additionally increases in field 
interiors with the reduction of landscape-scale field 
size (Alignier et al. 2020). This indicates that small-
scaled landscapes enable weeds to reach higher 
overall cover and probably provide more flower 
resources across the landscape and throughout 
the season, and that reducing field sizes can be an 
effective measure to enhance pollinator conservation 
as weeds are essential food resources for many 
pollinator species (Balfour and Ratnieks 2022). Large 
scale specialization of intensive agricultural systems 
has drastically increased field sizes at the expense of 
semi-natural habitats (Batary et  al. 2017), because 
it makes agricultural management more efficient. 
Consequently, policy support will be needed for 
reducing field sizes and we discuss this further in the 
next section.
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Future challenges in crop diversification 
for pollinator conservation

Many crop diversification practices are in essence 
‘old farming practices’ that need to find a place in 
modern times. There are still many barriers that 
slow down uptake, and they are the focus of many 
other papers (Vanbergen et  al. 2020; Carlisle et  al. 
2022; Brannan et  al. 2023). Nevertheless, there 
are a few outstanding barriers related to the crop 
diversification practices for pollinator conservation 
that we would like to highlight. A lack of crop 
management knowledge and seed availability is a 
relatively easy problem to overcome, but the highly 
specialized character of intensive agricultural areas 
(for example the ‘corn belt’ in USA; Green et  al. 
(2018)) is limiting crop diversification uptake, 
unless these practices are legislated, subsidized, or 
recognized as beneficial to the farmer (e.g. cover 
crops). Many crop diversification practices require 
access to special machinery for crop management 
or post-harvest processing, or adjustments to crop 
protection practices. Smaller fields may, for example, 
lead to increased management costs, as well as 
increased opportunity costs if non-crop field margins 
are introduced (Kirchweger et al. 2020). These costs 
may not always be fully compensated by benefits 
through enhanced pollination services (Scheper 
et  al. 2023), or only on the longer term because 
pollinator populations need time to build up (Blaauw 
and Isaacs 2014; Morandin et  al. 2016). Therefore, 
these issues require technological adaptations, and 
higher farmer rewards (Scheper et al. 2023), because 
crop diversification can benefit society as a whole 
through public benefits such as water conservation, 
soil preservation and biodiversity conservation 
(Tamburini et al. 2020).

Implementing crop diversification with flowering 
crops that depend on crop pollinators also requires 
careful spatial and multi-year planning to increase 
uptake by farmers. When a single crop covers 
large areas of the landscape, crop pollinators 
are dispersed across flowering fields, resulting 
in reduced pollinator densities and dilution of 
pollination services (Holzschuh et al. 2016; Eeraerts 
et al. 2017; Grab et al. 2019; Lajos et al. 2021; Riggi 
et al. 2024). This pollinator dilution could limit the 
crop yields to a point where the yield is not high 
enough to be profitable. Such effects could diminish 

over the years (Magrach et  al. 2023) because 
pollinator populations need to build up (Beyer 
et al. 2021a; Neira et al. 2024). Indeed, inn a space-
for-time study, a longer history of flowering crop 
cultivation increased the density of crop pollinators, 
suggesting that the crop pollinator population grows 
over the years (Beyer et  al. 2021b). Furthermore, 
different crop species that flower at the same time 
might compete for the same pollinator communities: 
flowering apple orchards have shown to draw 
away pollinators from nearby strawberry fields, 
reducing strawberry yields (Grab et al. 2017). Two 
recent studies have shown that such effects largely 
depend on the crop-crop combination and differ 
between functional pollinator groups (Bänsch et al. 
2020; Osterman et  al. 2021). The drivers of these 
patterns are not entirely clear, but it is likely that 
sociality (social bees tend to prefer high resource 
density; Rollin et al. (2013)), species-specific floral 
or nutritional preferences (Petanidou et  al. 2006), 
as well as displacement of pollinators play a role 
(Grab et  al. 2017; Bänsch et  al. 2020; Osterman 
et al. 2021).

Displacement of pollinators can also be an 
indication that there is resource competition between 
managed bees, such as European honeybees (Apis 
mellifera) and mason bees (Osmia sp; (LeCroy et al. 
2020)), and wild pollinators. There is ample evidence 
that managed honeybees can outcompete wild 
pollinators for flower resources (Henry and Rodet 
2018; Wignall et  al. 2020; Bommarco et  al. 2021; 
Page and Williams 2023) with negative effects on 
pollination (Magrach et al. 2017; Page and Williams 
2023). In general, competition between honeybees 
and wild bees is expected when flowering resources 
are scarce (Herbertsson et  al. 2016). By increasing 
flowering resource availability and continuity through 
crop diversification, a reduction in competition 
can be expected. Mass-flowering crops offer so 
abundant floral resources, that pollinator competition 
for resources seems unlikely to happen (but see 
(Lindstrom et  al. 2016)). This suggests that wild 
pollinators can benefit from mass-flowering crops, 
especially when honeybee hive placement is limited 
(Fijen et  al. 2022). Furthermore, hives need to be 
removed after flowering of the crop, because they 
otherwise might undo any benefits that the mass-
flowering crop had on wild pollinators (Magrach 
et al. 2017). However, when crops are not flowering, 
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there is the risk that the increasing crop pollinator 
populations can displace wild pollinators on wild 
plants too, particularly by some dominant bumblebee 

species such as buff-tailed bumblebees (Wignall et al. 
2020).

Increased pesticide exposure could be a barrier to 
pollinator conservation through crop diversification 

Fig. 2  Examples of crop diversification practices. A Cherry 
orchard with the two sequentially flowering cultivars Regina 
and Kordia, extending the availability of flower resources 
(photo: Wiebke Kämper); B faba bean-winter wheat intercrop-
ping (photo: Horst Steinmann) and C oats undersown with 
clovers, both increasing the surface with flowering crops with-
out compromising crop yield. D Narrow-leaved lupin (Lupi-

nus angustifolius) as an example of a forgotten crop. E The 
novel flowering crop cup plant (Silphium perfoliatum; photo: 
Lea Stringl). F Flowering apple trees next to flowering oil-
seed rape, illustrating the complementarity of woody crops to 
annual crops. G A landscape with high landscape heterogene-
ity and functional connectivity
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and could act as an ecological trap. Pesticide use 
is likely to be reduced in diversified agricultural 
landscapes (Nicholson and Williams 2021), but it still 
poses both direct (lethal and sub-lethal) and indirect 
(e.g. loss of flowering plants through herbicide use) 
risks for pollinators (Goulson 2021; Wintermantel 
et  al. 2022). Direct effects of pesticides are less 
worrisome if pollinators have access to high-quality 
food resources (Wintermantel et  al. 2022), which 
additionally suggests that if crop diversification 
practices enhance high-quality food resource 
availability, it is likely that crop diversification 
results in lower negative effects of pesticide exposure 
(Rundlöf and Lundin 2019).

Conclusions

Crop diversification has gained momentum because 
of the many benefits it can have for farmers and the 
environment (Tamburini et  al. 2020; Beillouin et  al. 
2021; Nicholson and Williams 2021). Crop fields are 
not as stable and diverse as natural habitats, and can-
not replace the importance of semi-natural habitat for 
pollinator conservation (Batáry et  al. 2015; Eeraerts 
2023; Fijen et  al. 2024), we highlight the potential 
of crop diversification practices as an additional pol-
linator conservation measure (Table 1; Fig. 2). Crop 
diversification can enhance spatio-temporal flower 
resource availability, continuity and accessibility 
without too drastic adjustments for farmers, while 
also improving the landscape heterogeneity and func-
tional connectivity for pollinators. With large changes 
ahead in the agricultural system driven by climate 
change and the need for a more plant-based diet, it 
is essential to design long-term studies on how crop 
diversification can benefit wild pollinators. Outstand-
ing questions include what crops to diversify with, 
and how landscape context and farming intensity 
can modulate the effect on crop diversification prac-
tices on wild pollinators. Combined effects of multi-
ple crop diversification practices on wild pollinators 
are also virtually unknown. Crop diversification with 
both agricultural production and pollinator conser-
vation in mind can provide synergies without tak-
ing a substantial part of land out of production: after 
all, farmers need pollinators for high yields of many 
crops (Turo et al. 2024), and pollinators need flowers 
to survive. If well-adjusted to each other, this can lead 

to a positive feedback loop where flowering crop cul-
tivation boosts the pollinator populations, and these 
pollinators in turn boost crop yields.
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