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Abstract – Honey bee populations have experienced serious losses in Europe and North America. These
losses highlight the potential risk to our agricultural systems that could result from loss of pollination. These
losses include direct economic repercussions to multiple industries (beekeeping, fruit, vegetable, forage
seed, oil seed and biofuel crops), and corresponding threats to human nutrition. Reasons for the losses
are varied but include a lack of diverse nectar and pollen resources within intensively farmed agricultural
landscapes. Focusing primarily on Europe and the USA, we review the potential approaches to provide
and maintain diverse floral resources for honey bees, giving particular consideration to herbaceous plants
(“forbs”). These approaches include the cultivation and maintenance of “bee pastures”, consisting of diverse
native or non-native flower-rich plantings maintained in fallow areas, field margins, and conservation buﬀer
strips to sustain bee populations, support honey bee health, and aid beekeeping activities. Within this review
we examine specific governmental policy initiatives to support these eﬀorts in the USA and Europe.
beekeeping / Apis mellifera / flower resources / agricultural landscapes / environmental policy

1. INTRODUCTION
The biodiversity and populations of insect
pollinators are in decline (Steﬀan-Dewenter
et al., 2005; Biesmeijer et al., 2006; Goulson
et al., 2008; Freitas et al., 2009). Honeybees (Apis mellifera L.,) are the most widely
used pollinators of crop monocultures worldwide (Watanabe, 1994). A drastic population
decline of honey bees is a serious threat to
the stability and yield of food crops (Kevan
and Phillips, 2001; Aizen and Harder, 2009).
Yields of some fruit, seed and nut crops decrease by more than 90% without pollinators
(Klein et al., 2007). Honey bees have suﬀered
severe losses particularly since 2006–2007 in
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the USA when an event called colony collapse
disorder (CCD) was first described (Oldroyd,
2007). Many European beekeepers and researchers also have documented serious losses
of honey bee colonies since the mid 1990s
(Williams and Christian, 1991; Watanabe,
1994; Kearns et al., 1998). Colony losses are
likely due to multiple eﬀects (Oldroyd, 2007),
and most research has focused on epidemiological factors aﬀecting honey bee health
(Cox-Foster et al., 2007; Johnson et al., 2009;
Le Conte et al., 2010). However two environmental factors potentially contribute to
these losses: the degradation and fragmentation of habitats for bees (Richards, 2001;
Kremen et al., 2002; Larsen et al., 2005)
and the negative eﬀects of agricultural pesticides (Kevan, 1977; Desneux et al., 2007;
Johnson et al., 2010). Considering the former,
intensively managed agricultural landscapes
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that lack or contain only poor quality floral
resources provide marginal support, if any,
to managed bee populations (Maurizio, 1950;
Mattila and Otis, 2006). Healthy honey bee
populations and profitable beekeeping practices depend therefore on landscapes with ample and nutritious sources of pollen and nectar
yielding flowers.
It is clear that adequate nectar and pollen
resources are critical in maintaining honey bee
health (Haydak, 1970; Michener, 2007). A deficiency in quantity and quality of pollen and
nectar can lead to demographic decrease of the
colony; pollen deficiency leads to low colony
populations, which in turn further reduces the
number of bees available to collect pollen and
nectar (Keller et al., 2005). Moreover, recent
work shows the importance of pollen quality and diversity on the immune response of
honey bees (Alaux et al., 2010). The role of
these two nutrients is so critical that beekeepers often must provide supplements in the form
of sugar syrup or pollen supplement to prevent nutritional deficiency and colony failure.
However, pollen supplements and syrup do
not provide the same nutritive quality as natural pollen and nectar (Pedersen and Omholt,
1993).
This nutritional demand could be supplemented by crop producers and rural landowners through the protection and enhancement
of additional flower resources in non-cropped
areas (Murray et al., 2009). Using examples from Europe and the USA, we review
the potential floral resources for honey bees
at the landscape scale, particularly in noncropped agricultural landscapes. We focus on
forbs because although ligneous plants (e.g.,
hedgerows and forests) can provide honey
bees with significant food resources, their
management is very specific (e.g. Fussell and
Corbet, 1991; Corbet, 1995) and should be the
subject of another review. Also, even though
we primarily focus on the honey bee, we
also discuss studies that assessed the influence of agro-environmental measures on the
whole community of bees (i.e. Apiformes
species). Favourable measures intended to enhance and/or sustain nectar and pollen resources for the wild bees likely also benefit
the honey bee (but the opposite is not nec-
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essarily true). In this review, we (i) provide
a general picture of the various non-cropped
farmlands that could benefit honey bee health,
and (ii) describe current governmental policies for promoting flowering areas within agricultural landscapes to benefit pollinators, including honey bees. We also describe some
tangible agro-environmental steps that could
protect floral resources, benefiting the beekeeping industry.

2. ARABLE FARMLANDS
2.1. Annual cropping systems
In annual cropping systems, the simplification of crop rotations has resulted
in vast monocultures, reduced plant diversity, and large expanses of wind-pollinated
or self-pollinated crops (Banaszak, 1995;
Steﬀan-Dewenter and Tscharntke, 1999;
Steﬀan-Dewenter et al., 2002). Where beepollinated crops are cultivated, they may
provide a narrow window of abundant bloom
proceed and followed by a dearth of pollen
and nectar resources. For example in Europe,
mass flowering crops are often limited to
sunflower and oilseed rape at large landscape
scales. Nectar and pollen resources are therefore abundant but only for a relatively short
duration.
In addition to limited bloom time, beepollinated annual crops may be less prolific
nectar plants and may be suboptimal sources
of pollen. As a result, such bee dependent
crops may not be fully compatible with maintaining hive populations and optimising beekeeping profits (Maurizio, 1950; Mattila and
Otis, 2006).
The flora present in non-cropped areas (see
Sect. 3) could provide supplemental forage resources between the bloom time of cultivated
plants. However, non-cropped areas are often scarce in the most intensively farmed regions. This temporal void could be partially
filled simply through the creation and protection of additional non-cropped areas. Indeed,
large strips (6–12 m in width) of native or nonnative melliferous plants maintained between
crop fields (“bee pastures”) can help support
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pollinators in agricultural landscapes. Similarly herbicide mitigation eﬀorts within cropping systems have been shown to support bees
through the increase of flowering weeds adjacent to crop areas (Hald, 1999; Kleijn et al.,
2006). For example, with its corresponding
lack of broadleaf herbicide use, organic farming could have a positive impact on bee diversity in wheat fields (Holzschuh et al., 2007).

2.2. Cover crops
Cover crops are annual or perennial plants
temporarily sown to protect fallow ground
from erosion, reduce weed encroachment, disrupt crop pest life cycles by replacing their
host plants, and most commonly to improve
soil fertility by adding nitrogen and organic
matter to the soil, or to reduce nitrogen runoﬀ
in water (Nearing et al., 2005; Meisinger et al.,
1991; Justes et al., 2004). Some plants sown
as cover crops have short, rapid flowering life
cycles capable of providing early honey bee
forage in the spring when they are planted
in rotation before the primary crop is sown.
Similarly, these plants can follow the primary crop in rotation in the fall to provide
late season bee forage. Among the potentially
suitable plants for this purpose are scorpionweeds (Phacelia spp.), annual clovers (Trifolium spp.), and Brassicaceae like radishes
(Raphanus spp.) and mustards (Brassica spp.).
In other systems longer-lived or even perennial cover crop plants are preferred. For example a cover crop rotation between two
gramineae crops such as barley and corn might
be as long as 9 months (Le Roux et al., 2008).
Given the cost of seed and investment
of farmer time, labor, and equipment, it is
likely that justifications beyond simply supporting regional apiculture are necessary to
convince farmers to plant melliferous cover
crops (Critchley and Fowbert, 2000). It is
therefore important to stress the primary benefits of cover cropping systems, most notably
the use of legumes to fix atmospheric nitrogen reducing the need for synthetic fertilizers
(Mary et al., 1999; Thönnissen et al., 2000;
Justes et al., 2001).

2.3. Perennial cropping systems
Perennial crops, particularly in the family
Rosaceae (e.g. genus Prunus, Pyrus, Malus,
Rubus). are widely visited by bees. Perennial
crops create favorable landscapes for honey
bees in two ways: (i) the production of numerous fruits and vegetables depends on pollination by bees (Free, 1993; Klein et al.,
2007) and thus farmers are concerned about
the presence of suﬃcient bees; and (ii) the long
term management of flowering cover crops can
be incorporated between rows or as orchard
understory plantings (USDA National Agroforestry Center, 2006).
For example, among the first landowners to
take advantage of new pollinator-focused setaside programs in the US were perennial fruit
growers. Their conservation eﬀorts typically
consist of planting flowering hedgerows, vegetative strips surrounding field margins, and
flowering meadows, and designated bee pastures. In many instances these set-asides are
intended to serve multiple functions including
providing supplemental forage for bees while
crops are not in bloom, as well as erosion
reduction, buﬀers against pesticide drift, and
vegetative cover for other wildlife (Vaughan
and Skinner, 2008). Herbaceous ground covers
in orchards, for example with Trifolium spp.,
provide nectar and pollen resources for honey
bees.
Despite the benefit to honey bees, the presence of such flowers in orchards poses a risk
of insecticide exposure to bees foraging in
the area when the crop is sprayed outside of
its bloom period. Therefore the incorporation
of supplemental nectar and pollen plants in
perennial crops must be accompanied by supplemental pesticide mitigation strategies.
2.4. Grasslands and hay fields
The agricultural practices necessary to
maintain grasslands and hay fields often result in a decline of melliferous plants, and a
corresponding reduction of honey production
(Ockinger and Smith, 2007).
Grassland management practices common
to Europe and the USA that reduce floral diversity were described by Plantureux et al. (2005).
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First, the historic increase of cereal silage for
milk production has reduced the overall agricultural area maintained as hay fields. Second,
hay fields are sown primarily with grasses,
providing no resources for bees. Third, frequency of mowing further reduces the floral
resources.
One country, Switzerland, has responded
to the threat that grassland management practices pose to floral diversity, and hence to the
entomofauna, by recommending late mowing
and subsidising floral fallow land (Holzgang
et al., 2002, 2005; Albrecht et al., 2007;
Aschwanden et al., 2007).

3. NON-CROPPED FARMLANDS

Natural and semi-natural habitats provide
foraging areas for bees (Lagerhöf et al., 1992;
Carreck and Williams, 1997). Corbet (1995)
defined such land as: field margins (strips bordering crop fields), hedgerows (linear scrub
along field boundaries), woodlands, ponds,
ditches and fallow farm fields. Because such
habitats experience less-disturbance than cultivated fields, they help maintain overall biodiversity by buﬀering temporal variation in
resources (Fussell and Corbet, 1991; Corbet,
1995; Dover et al., 2000; Holland and Fahrig,
2000; Ricketts et al., 2008).
In addition to honey bees, flowering plants
in non-cropped farmland and their formal conservation through agri-environment schemes
(AES) (Whittingham, 2007) can help restore
and increase habitat for non-managed wild
pollinators (Fussel and Corbet, 1992; Lagerhöf
et al., 1992; Lagerhöf and Wallin, 1993;
Corbet, 1995).
Two general approaches are taken to enhance floral diversity in non-cropped areas: (i)
support the natural regeneration of native wildflowers, or (ii) sow varied mixtures of annual
or perennial flowering plant species. We describe below the case of fallow areas and field
margins, and discuss potential plants used in
these areas as well as farm practices that may
support honey bees.
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3.1. Fallow areas
One important change in arable land management has been the introduction of fallow
land into crop rotation (Critchley and Fowbert,
2000). Nearly 20 years ago, the practice of
integrating farmland set-asides (fallows) into
crop rotation plans was encouraged or mandated through national agricultural policies in
many countries. Fallow-specific policies were
created in EU with the reform of the common
agricultural policy (CAP) in the 1980s through
initiatives such as the new Agri-Environment
Regulation (Pienkowski and Pain, 1997), and
initially in the USA with the creation of the
Conservation Reserve Program (CRP) in 1985
(Dunn et al., 1993).
The initial purpose of fallow-specific policies was to reduce surplus food production
(mainly of cereals, oilseeds and protein crops;
Cain and Lovejoy, 2004), and consequently incentive payments were oﬀered to farmers as
compensation for removing some of their land
from production. While fallows were initially
designed primarily to reduce food production,
government programs supporting them have
since expanded to meet other objectives such
as the protection of erodible soils, maintaining water quality, and the conservation of biodiversity (Firbank et al., 1994; Dunn et al.,
1993). For example, in the USA, under the
CRP program, participating farmers are paid
an annual rental payment for the conversion
of highly erodible farmland to a less intensive use such as planting it in a mixture of native grass and wildflower species (CEC, 2006;
Whittingham, 2007).
In both the USA and Europe enrollment in
set-aside programs is capped at national limits, with CRP in the US currently restricted
to 15.8 million ha (approximately 39 million
acres) nationwide, and 2.8 million ha of setasides in the EU.
Similarly, both the EU and USA have developed technical standards for the management of set-asides (e.g. to protect water quality and biodiversity), and the allowable uses
of the lands enrolled in their respective programs (e.g. such as hunting). For example,
in the EU national standards establish which
plants are allowed to be grown on set-asides
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and the minimum size of the set-aside area
(Yliskyla-Peuralahti, 2003). Similarly in the
US, while initial management standards for
CRP land permitted the use of non-native
vegetation and in many cases predominantly
grass-based plantings, the USA Department of
Agriculture (USDA) has increasingly emphasized the use of native plants which benefit a
greater diversity of wildlife species (Flowers,
2003), partially as a result of eﬀorts by national hunting organizations such as Pheasants
Forever.
Such advocacy pressures in France have
also helped to strengthen the biodiversity
emphasis of set-aside programs, specifically
hunting-related activities that are supported by
a strong environmental framework. This has
led to the development of diverse fallow lands
that also benefit beekeepers (Decourtye et al.,
2007).
This increasing emphasis on biodiversity
conservation in set-aside programs has now
evolved in the USA to specifically support
crop pollinators. The 2008 Farm Bill, an
omnibus piece of legislation passed approximately every 5 years, for the first time established pollinator conservation as a national
priority for the USDA. This policy is the result of the highly publicized honey bee CCD
phenomenon, as well as a report published
by the National Academy of Sciences titled
Status of Pollinators in North America which
documented the decline of both managed and
wild bee species (National Research Council,
2007). While the Farm Bill emphasizes research funding for honey bees, habitat conservation for native bee species is also mandated through the use of farmland set-aside
programs like CRP, the Environmental Quality
Incentives Program (EQIP), the Wildlife Habitat Incentives Program (WHIP), and the Conservation Stewardship Program (CSP), all of
which are administered by the USDA’s Natural Resources Conservation Service (NRCS).
To implement this policy the NRCS is now required to consider pollinators in the development of land management standards for farms
enrolled in USDA conservation programs, and
to prioritize pollinator conservation projects
when determining payment rates to partici-

pating farmers (Mader, 2008; Vaughan and
Skinner, 2008).
Little research supporting the specific value
of these land set-aside programs to honey
bees has been conducted. However, one recent
study compared the development of honey bee
colonies positioned near flowering fallow areas to colonies not benefiting from flowering
fallows. For colonies harvesting the food resources on the fallow areas, colony weight and
brood areas decreased less during the season
than colonies without access to fallows, while
no significant eﬀect was found with regard to
the landscape and region factors (Decourtye
et al., 2008). A more complete knowledge of
the influence of flowering non-cropped areas
on beekeeping requires additional large-scale
studies on the eﬀects on honey production.

3.2. Field margins
The term “field margins” refers to strips of
land along the borders of crop fields. Field
margins also include vegetative strips adjacent
to roads, paths, railways, hedgerows and forest
boundaries. Such areas can serve a variety of
agro-environmental purposes, including riparian area stabilization, soil capture via grassed
waterways and buﬀer zones for pesticide drift.
Field margins represent a large and important global surface area and simple management modifications could provide critical ecological and environmental services, including
the availability of food for honey bees. Indeed, in the USA active management of field
margins for erosion control has been historically supported in NRCS programs. These
same programs are now adapting management
standards to incorporate forage for pollinators
as a secondary benefit (Vaughan and Skinner,
2008).
Active management of field margins is also
supported in Europe through the 1999 CAP reform, which oﬀers financial rewards to farmers in compliance with environmental standards. As part of these standards, strips must
occupy a minimum total surface area equal to
3% of the subsidized crop area for cereals,
oilseed, proteinacous crops, linen, hemp and
set-asides.
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Finally, field margins could be sown with
melliferous plant species in the same way as
set-aside programs like CAP/CRP. Indeed this
is already happening through programs like
EQIP and WHIP in the USA (Vaughan and
Skinner, 2008). Taken together, such narrow
strips amount to thousands of currently unexploited hectares.
As with orchard ground covers, eﬀorts
must be taken to reduce harm from insecticides to pollinators foraging in field margins.
To address this concern in the USA, NRCS
guidelines recommend specific eﬀorts to reduce insecticide drift into field margins maintained for pollinators. These recommendations
include night-time spraying, avoiding insecticide applications during temperature inversions (when drift potential is increased), using insecticide formulations of low toxicity to
bees, and adjustment of insecticide application equipment reduce movement of insecticides outside of cropped areas (Vaughan et al.,
2009).

3.3. Rural roadsides
Roadside verges represent another opportunity to provide pollen and nectar resources
for managed honey bees and wild pollinators. In the USA alone roadside verges cover
more than 4 million hectares (10 million acres)
(Forman et al., 2003). Also in the USA, eﬀorts
by non-governmental conservation organizations are underway to promote roadside plantings for pollinators to the regulatory agencies
that manage them (Hopwood, 2010).
Recent research has demonstrated that
roadsides planted with native wildflowers support more abundant and species-rich bee communities than roadsides dominated by nonnative grasses and flowers (Hopwood, 2008).
Other research demonstrates the value of roadside vegetation specifically for bumble bee
nest sites (Way, 1977).
While research has not been conducted
specifically on traﬃc-related bee mortality, observations of road crossings by butterflies in
the USA revealed a mortality rate of only
2.8%. The same researchers also demonstrated
that where flower-rich roadside vegetation oc-
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curs, butterflies are less likely to leave those
verge areas (Ries et al., 2001).

3.4. Plant selection
The value of non-cropped farmland for
honey bees is very much dependent on the
plant species available to them (Carreck and
Williams, 1997; Cheesman, 1998). We find
two main strategies to improve the availability of trophic resources for honey bees: the
sowing of plants that provide beneficial resources for bees and the conservation of the
native plants. If we first consider plants sown
by farmers, in absence of statutory requirements for managing their non-cropped farmlands toward increased floral diversity, farmers often choose the cheapest seed, such as
grasses available to meet their primary objectives, typically the protection of water quality
and the reduction of soil erosion (Lacas et al.,
2005). Indeed, in Europe, rye-grasses (Lolium
spp.) are currently the dominant plant cover in
non-cropped farmlands. But rye-grasses provide little value to bees, producing no nectar. In contrast, some species favorable for
honey bee forage in Europe are reported in Table I. For comparison, Table II includes a list
of plant species currently being recommended
for managed and wild pollinator conservation
eﬀorts in the state of Illinois, USA.
Some studies report that Fabaceae plants
(legumes) are among the most frequently visited plant families by many bee species for
pollen and nectar (Lagerhöf et al., 1992;
Lagerhöf and Wallin, 1993). Some legumes
that are highly attractive to honey bees are
pluri-annual and thus have a long flowering period (e.g., Melilotus alba, Onobrychis sativa,
Medicago spp., Lotus corniculatus, Dalea purpurea). In a comparative study, field margins
sown with seed mixtures of nectar- and pollenproducing legumes provided bumble bees with
higher quality foraging areas than field margins sown with grass plants (Carvell et al.,
2007).
Despite these reported benefits, the slow
growth of some legumes may be a limiting
factor in some cases. For example, beekeepers are sometimes disappointed after sowing

F
B

B
H
B
F
P
F
F

F

F
F
F
F
F

Melilotus alba
Sinapis alba

Brassica sp
Phacelia tanacaetifolia
Raphanus sp.
Onobrychis sativa
Fagopyrum esculentum
Trifolium alexandrinum
Trifolium repens

Trifolium hybridum

Trifolium incarnatem
Trifolium pretense
Vicia sativa
Vicia varia
Vicia villosa

2

A
P (2+ )
A
A
A

P (2+ )

A
A
A
P (2)
A
A
P (3+ )

B
A

P (2+ )

P (2+ )
A
P (3+ )

Sowing Seed cost
Spring
Summer - Autumn
Melliferous Agricultural interests
rate
(Euros/ha)
Spring
Flowering
Sowing
Flowering Potential and potential concerns as plant cover
(kg/ha)
period
period
period
period
(kg/ha)
10–20
50–90
March/May June/Aug. Aug./Sept. Apr./June
25–50
Slow development, to be mixed
100–180 110–190 Feb./March May/July. Feb./March May/July
Cultivated for its seeds
20–25
80–100 March/Apr. June/Sept. July/Aug. June/July
200–500 Very good for preceding a cereal crop,
very good nitrogen fixer
5–8
30–50
March/Apr. June/Aug. Aug./Sept. May/July
50–100
Good crop before cereals, should be associated
with other plants
20–25
80–110
Aug./Sept. May/Sept. 100–200 Very good preceding a cereal crop
12–15
15–20
March/Apr. May/July
50–100
Rapidly established, short cycle, very
good nitrogen fixer
5–8
15–20
March/Apr. June/Aug.
100–200 Establishes well
8–10
30–50
Apr./May June/Sept.
200–500 Rapidly established
20–25
55–70
March/Apr. May/July.
Rapidly established, good nitrogen fixer
30–50
90–140 March/Apr. June/Sept.
100–200 Good before cereals
50–60
110–130
May/July June/Sept.
50-100
Cereal “Pseudocereal crop”
15–20
40–60
April
June/July
Good before cereals, rapidly established
5–8
20–35
March/Apr. June/Sept. Aug./Sept. May/Sept.
50–100
Good crop before cereals, should be associated
with other plants
12–15
40–53
March/Apr. June/Sept. Aug./Sept. May/Aug 200–500 Good crop before cereals, should be associated
with other plants
15–20
30–50
April
June/July Aug./Sept. May/June
50–100
Good before cereals, rapidly established
15–25
30–62
March/Apr. July./Sept. Aug./Sept. May/July
200–500 Good before cereals, rapidly established
40–50
30–50
March/Apr. June/July Aug./Sept. May/June
50–100
Very good preceding a cereal crop
30–40
60–70
March/Apr. June/July
Very good preceding a cereal crop
30–40
70–90
March/Apr. June/July
Very good preceding a cereal crop

B: Brassicaceae, H: Hydrophyllacae, F. Fabaceae, P: Polygonaceae.
A: Annual, B: Biannual, P: Perennial, (n+ :  n years).

F

Medicago lupulina

1

F
F
F

Family1 Perennial2

Lotus corniculatus
Lupinus albus
Medicago sativa

Name

Table I. Species of plants supporting honey bees for inclusion in non-cropped European farmlands. Data are from Gratadou P. (Jouﬀray-Drillaud, Poitier, France)
and Allerit R. (GEVES, Lusignan, France) and Decourtye et al. (2007).
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2

1

A
A
A
F

F

F

Silphium perfoliatum
Solidago speciosa
Symphyotrichum novae-angliae
Trifolium repens

Trifolium pretense

Vicia atropurpurea

4
2
2
10
10
40

P (2+ )

P (2+ )

Sowing
rate
(pounds
per acre)
4
15
10
4
4
20
15
4
4
25
N/A

P (3+ )
P (3+ )
P (3+ )
P (3+ )

P (3+ )
A
A
P (3+ )
P (3+ )
P (3+ )
B
P (3+ )
P (3+ )
B
P (2+ )

Perennial2

10

6

280
400
250
5

Approx.
seed cost
(dollars
per pound)
200
30
4
140
480
4
8
320
220
8
N/A

Introduced

Introduced

Native
Native
Native
Introduced

Native
Introduced
Introduced
Native
Native
Introduced
Introduced
Native
Native
Introduced
Introduced

Native or
introduced

Fall

Winter

Fall
Fall
Fall
Winter

Fall
Spring
Fall
Fall
Fall
Winter
Winter
Fall
Fall
Spring
Fall

Sowing
period

June/July

May/July

June/Aug.
Sept/Nov.
Sept/Nov.
May/Sept.

July/August
May/Sept.
June/July
July
May
June/July
June/Sept.
July
June
May/Aug.
March/May

Flowering
period

Used on uncropped field edges
Used in fallow fields
Used in fallow fields
Used in uncropped field edges; grazing land
Used in uncropped field edges
Used in fallow fields to improve soil, and as hay
Used in fallow fields to improve soil, and as hay
Used in uncropped field edges
Used in uncropped field edges
Used in fallow fields to improve soil
Used as an orchard understory planting,
planted as bulbs at a rate of 300/acre
Used in uncropped field edges
Used in uncropped field edges
Used in uncropped field edges
Used in fallow fields to improve soil,
and as an orchard understory plantings
Used in fallow fields to improve soil, and as
an orchard understory planting
Used in fallow fields, and as erosion control
plant on field and roadside edges

Notes and agricultural uses

A: Asteraceae, B: Brassicaceae, Bo: Boraginaceae, F: Fabaceae, L: Liliaceae, M: Lamiaceae, S: Scrophulariaceae.
A: Annual, B: Biannual, P: Perennial, (n+ :  n years).

M
Bo
B
F
F
F
F
M
S
B
L

Family1

Agastache scrophulariifolia
Borago oﬃcinalis
Brassica napus
Dalea purpurea
Lupinus perennis
Medicago sativa
Melilotus alba
Monarda punctata
Penstemon digitalis
Raphanus sativus
Scilla siberica

Name

Table II. Species of flowering plants recommended for pollinator conservation eﬀorts in the US State of Illinois. Adapted from Barickman et al. (2008).
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legumes because of an absence of flowers the
first year. In designated bee pastures such concerns might be addressed with a mixture of annual, biannual and perennial plant species to
promote early and extended flowering.
In France, the reintroduction of legumes
has been recently initiated in set-asides and
field margins, notably alongside rivers. These
legumes, at least in combination with other
species, have the potential to provide benefits to honey bees while remaining compatible with other vegetation management goals
(Corre-Hellou et al., 2006). For example, Trifolium repens associates well with erosion
controlling grasses like Festuca pratensis.
Despite the long-term value of perennial
legumes to honey bees (Trifolium repens remains in fields for 5–6 years), farmers often
prefer annual species for fallow areas due to
their low cost, and non-persistent nature in
cultivated fields. While some annual species
may embellish the landscape with colourful
and abundant flowers (e.g. Centaurea spp.,
Cosmos spp., Eschscholtzia spp.), they may
be of little value to honey bees. Furthermore,
such exotic plants can be invasive and can be
in competition with the other native plants,
impoverishing plant biodiversity. Conversely,
other annual species that are of value to honey
bees, including Sinapis alba, Borago oﬃcinalis, Fagopyrum esculentum could be incorporated into such plantings (Williams and
Christian, 1991; Carreck et al., 1999; Carreck
and Williams, 2002).
Finally, it is worth noting that while
legumes are important pollen and nectar sources for some wild bee taxa; e.g.,
megachilids, eucerines or anthophorines, other
bees such as andrenids, colletids or halictids, and many pollen-specialist megachilids,
may not benefit from legume-rich plantings
(Rasmont and Mersch, 1988). In response to
the specialized requirements of wild bees,
the sowing of more diverse wildflower mixtures has been promoted by advocacy groups
in the UK, and in the USA by the Xerces
Society for Invertebrate Conservation (Game
Conservancy 1994; Corbet, 1995). These actions are based on the numerous studies
demonstrating the attractiveness of perennial
wildflowers for bees and wild insects in gen-

eral, and their positive eﬀects when sown in
field margins (Meek et al., 2002; Carvell et al.,
2004; Pywell et al., 2005). Despite these benefits, the use of native wildflowers may be limited by the high seed cost of species, lack of
propagation knowledge, and the risk of introducing non-local eco-type seed sources.
3.5. Farm practices
In addition to plant diversity, land management practices in non-cropped areas directly
impact potential honey bee (and other pollinator) abundance. Of particular importance
is the need to limit chemical and mechanical
destruction of non-crop floral resources, and
to protect bee foraging areas from pesticide
drift (Freemark and Boutin, 1995; Longley and
Sotherton, 1997).
Chemical threats may come in multiple
forms. For example, in addition to insecticides that may have lethal or sublethal eﬀects
on bees (Kevan, 1977; Desneux et al., 2007;
Decourtye and Devillers, 2010), herbicide drift
from adjacent fields may reduce floral density
and diversity (Longley and Sotherton, 1997;
Hald, 1999).
Mechanical destruction of melliferous
plants during flowering increases mortality
rates among honey bee foragers (Fluri and
Frick, 2002). In addition, work by Fussel
and Corbet (1992) and Corbet et al. (1991)
showed that mowing limitations on plants in
non-cropped is beneficial to bee populations.
Kleijn et al. (2006) showed that delaying the
first cutting of vegetation in fields resulted
in more flowering plants, and therefore more
flower-visiting insects such as honey bees.
Conservation measures for pollinators in
England and Sweden include restrictions on
cutting plant covers (Freemark and Boutin,
1995). Similarly, late cuttings at the end of
summer or in autumn are used in conservation
actions of grasslands of the French Eastern
regions (Malraux and Parguel, 2007).
4. CONCLUSION
There is clear evidence that, in concert with epidemiological threats (Cox-Foster

Enhancement of floral resources for bees

et al., 2007; Johnson et al., 2009; Le Conte
et al., 2010), agricultural intensification has
a detrimental eﬀect on modern apiculture
(Maurizio, 1950; Kevan, 1977; Mattila and
Otis, 2006; Desneux et al., 2007; Johnson
et al., 2010). This trend is particularly visible in Western countries, where farmers have
widely embraced agrochemicals, and maximized cultivation of arable lands. Indeed, the
two principle characteristics of agricultural
intensification across all global landscapes are
the increased reliance upon pesticides and the
reduction of biodiversity (including floral diversity). The result is a shift from heterogeneous habitats to more homogeneous ones.
There are now regional pollinator initiatives, along with regional and national
conservation legislation, that can impact on
the conservation of pollinators (Byrne and
Fitzpatrick, 2009). As management standards for non-cropped agricultural set-asides,
are adapted to support pollinators, including
honey bees, one important goal should be
to temporally and spatially increase heterogeneous habitats. To this end, it is first urgent to
preserve current semi-natural habitats adjacent
to farmlands. In addition, policies requiring
the management of non-cropped farmland to
increase floral diversity and abundance are essential (especially in intensively farmed areas).
Such policies will not only sustain managed
beekeeping, but crop production through enhanced pollination services, and support biodiversity in general (e.g. birds and mammals).
This enhanced biodiversity in turn provides
other human benefits such as supporting outdoor recreation, agro-tourism, and landscape
aesthetics.
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Zusammenfassung – Verbesserung im Angebot
der Nahrungspflanzen für Honigbienen in landwirtschaftlichen Ökosystemen. Intensiv genutzte Agrarlandschaften, denen Blütenpflanzen fehlen,
oder die nur minderwertige Nahrungspflanzen aufweisen, können imkerlich genutzte Honigbienenvölker nur mit Mühe ernähren. Ein Mangel an Menge und Qualität von Pollen und Nektar kann zu einer
Schwächung des Bienenvolks führen, da eine angemessene Nektar- und Pollenversorgung entscheidend für den Erhalt der Bienengesundheit sind. Daher sind gesunde Bienenvölker und eine wirtschaftliche Imkerei auf Landschaften mit reichhaltigen
und nährstoﬀreichen Pollenquellen und nektarspendenden Blüten angewiesen. Anhand von Beispielen
aus Europa und den USA geben wir einen Überblick über mögliche Nahrungsquellen für Honigbienen im Landschaftsraum, mit besonderer Berücksichtigung von nicht kultivierten Flächen in
der Agrarlandschaft. Wir beschreiben einige konkrete landwirtschaftliche Umweltmaßnahmen, die
den Blütenreichtum verbessern und so der Bienenhaltung nützen könnten. Die in den nicht kultivierten Flächen (Feldränder, Hecken, Gehölze, Teiche,
Gräben, Brachen) vorhandene Flora könnte zwischen den Blühzeiten der angebauten Pflanzen den
Bienen ergänzende Nahrung bieten. Die bereits vorhandenen, an Ackerland angrenzenden naturnahen
Habitate sollten daher dringend erhalten werden.
Solche unkultivierten Flächen sind in den am intensivsten genutzten Agrarlandschaften jedoch oft selten. Diese Lücke könnte durch die Schaﬀung und
den Schutz von zusätzlichen nicht kultivierten Flächen gefüllt werden. Als Maßnahme zur Erhaltung
von Bestäubern in landwirtschaftlich genutzten Gebieten wurde die Anlage von ausgedehnten Streifen mit Nektarpflanzen zwischen den Anbaufeldern
empfohlen. Gleichermaßen konnte gezeigt werden,
dass die Reduzierung des Herbizideinsatzes in Anbauflächen für Bienen günstig ist, weil blühende
Unkräuter neben den Äckern dadurch zunehmen.
Darüberhinaus haben einige Pflanzen, die als Deckfrucht eingesetzt werden, kurze Entwicklungszeiten mit früher Blüte, und sind daher in der Lage,
den Bienen früh Nahrung zu bieten, wenn sie abwechselnd mit, bzw. vor der Hauptertragspflanze
gesät werden (Phazelie, einjährige Kleearten, Radieschen, Senf).
Neben der regionalen und nationalen Gesetzgebung können regionale Bestäuberinitiativen die Erhaltung der Bestäuber fördern. Ein bedeutendes
Ziel bei der Entwicklung von Standards für unbebautes Ackerland zum Erhalt von Bestäubern,
einschließlich der Honigbiene, sollte es sein, zeitlich und räumlich heterogene Habitate zu vermehren. Die Schaﬀung von Richtlinien, die eine
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Bewirtschaftung von unkultivierten Flächen zur
Vermehrung des Blütenreichtums und der Vielfalt vorschreiben, ist von entscheidender Bedeutung (besonders in intensiv bebauten Ackergebieten). Diese Maßnahmen bestehen typischerweise im
Pflanzen von blühenden Hecken, Randstreifen um
Felder, und blühenden Wiesen. Zwei verschiedene
Vorgehensweisen sind üblich, um die Blütenvielfalt in unbebauten Flächen zu erhöhen: (i) die Unterstützung der natürlichen Regeneration der einheimischen Wildblumen, oder (ii) das Einsäen von
verschiedenen Mischungen einjähriger oder mehrjähriger Pflanzen. Solche Richtlinien werden nicht
nur die Bienenhaltung unterstützen, sondern durch
verbesserte Bestäubung auch die Ernteerträge erhöhen, sowie die Biodiversität im Allgemeinen fördern (z.B. Vögel und Säugetiere).
Bienenhaltung / Apis mellifera / Nahrungspflanzen / Agrarlandschaften / Umweltrichtlinie
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