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1. Floral species candidates for oleaginous cropping systems: wide list with 
melliferous potential 

Pollinators depend on floral resources. The distribution of resources and 

abundance of flowers is of decisive importance for wild and cultivated bees, especially 

including wildflowers. The floral mixture effect in crops on bee diet depends on the 

environmental floristic supply. Therefore, floral resource supply and distribution are key 

traits for various compositions of the efficient floral mixtures, which can be used in land 

use management for a sustainable bee-friendly farming. 

A melliferous species is known to provide some food resource for pollinators. Bees 

need some nectar and pollen for their development. Most of the melliferous species do 



	

	

2	

Rural green infrastructure Rural green infrastructure 
promo!ng pollina!onpromo!ng pollina!on

secretary@pollolegi.eupollolegi.eu
European Regional Development Fund

not bloom for a long time, so it is important to consider the flowering succession of the 

plants. Information for pollen quantity production by each plant is not easily available 

but the quality of specific pollens is largely commented in the literature. Protein content 

is used as an indicator of the global pollen quality, which is strongly linked to the lipids 

and mineral content. In another hand, the melliferous potential represent the theoretical 

quantity of honey that could be obtained over the course of a season from a surface of 

land covered with the focal plant. Many data are available for this specific feature, and it 

is possible to classify the candidates for a bee-friendly cropping. 

In general, segetal and annual plant species are less productive in nectar than 

ruderal and perennial plants. Some botanical families are highly represented in 

melliferous plants as follows: Asclepiadaceae, Lythraceae, Boraginaceae, Rutaceae and 

Lamiaceae. Fabaceae, Brassicacea and Asteraceae are intermediate nectar suppliers for 

bees but are often more convenient for cropping over a short span of time and are well 

known by farmers.  

The ITERAPI programme lead by ITSAP (2011-2013) compiled a data set used for 

selecting some interesting species available in floral intercropping. This list is available 

online at www.interapi.itsap.asso.fr. 27 floral species had been selected for short span 

crops shown in APPENDIX 1.  

 

2. Bibliographic information on experiences in France with floral cover crops 

Various experiments have been carried out in France. An experiment on fallows 

was conducted in 4 regions of France during 2 years in 2006-2007 (CASDAR, ACTA 

coordination) near some honeybee colonies. Decourtye et al. (2008) concluded that the 

flowering fallows were highly visited for pollen sources. In this study, the floral mixtures 

tested included commercial blends as well as homemade mixtures. No incidence of the 

flowering fallows on the development of the colonies was measured when their blooming 

was restricted to 2-3 weeks (phacelia and mustards). Colonies close to plurispecific sown 

fallows, blooming over approximately 2 months (Fabaceae), had a weight and a brood 

surface which were significantly more stable. Thus, appropriately managed fallows within 

intensively farming areas can allow abundance of pollen sources that can benefit 
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honeybee colonies. However, the effects on beekeeping yields, or on bee health, remain 

to be seen.  

 
Floral mixture 

Méliflore 2® ACTA/ADAM FNAMS 
Onobrychis viciifolia  (60 %) Melilotus (15 kg/ha) Trifolium hybridum (3 kg/ha) 

Melilotus (20 %) Onobrychis viciifolia (12 kg/ha) Trifolium alexandrium (3 kg/ha) 
Trifolium pratense (10 %) Phacelia (5 kg/ha) Onobrychis viciifolia (10 kg/ha) 

Phacelia (5 %) Lotus corniculatus (5 kg/ha) Medicago sativa (5 kg/ha) 
Medicago lupulina (5 %) Sinapis (3 kg/ha)   

  Trifolium repens (2 kg/ha)   
 

The main flowering species were different during the first and the second year, due 

to the different times of establishment. Insect visits were recorded every week along a 

transect and almost all plants had been foraged by bees, excepted those which did not 

grow after seeding. Food supply on fallows was confirmed by palynological analyses from 

collected pollen by bees. A high effect was observed in terms of pollen collected from floral 

mixtures according to the landscape complexity. Complex landscapes reduced the floral 

mixture attractiveness in one third of the pollen collected.  

In Allier et al (2017), floral mixture experiments in France during the project 

INTERAPI (2011-2013) showed a clear attractiveness for some species. This floral 

mixture was set in 30ha x 4 areas in center of France (Cultures Intermédiaires Mellifères 

“CIM areas”). The pollen diet was more diversified thanks to sown species such as Sinapis, 

Phacelia and Tr. alexandrium and had an impact on wintering survival. The composition 

of the floral mixture was as below, sown at 25 kg/ha: 

 
Species % weight Feature Presence in bee pollen 

collected in enhanced 
area 

Avena strigose 
var. Cadence 

26% Poaceae 
Dense cover 
Fast setting 
Late flowering 

0 

Sinapis alba 
var. Cargold 

5% Brassicaceae 
Early flowering 60j 
Fast growing 

50% (5% non CIM) 

Phacelia tanacetifolia 10% Boraginaceae 
Easy setting 
Early flowering 60j 
High melliferous species 

2-20% (0% non CIM) 
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Trifolium alexandrium 
var. Tabor 

20% Fabaceae 
Early growing, grow in 
summer 
Floraison 60j 

5-40% (0% non CIM)  

Vicia sativa 
var. Nacre 

9% Fabaceae 
Early flowering 70j 
Easy destruction by frost 

0 

Vicia purpurea 
var. Bingo 

21% Fabaceae 
Good coverage of soil 
Illness resistance 
Flowering 70-75 j 

0 

Sinapis juncea 
var. Étamine 

4% Brassicaceae 
Fast setting  
Nitrogen trapp 
Flowering 60-65 j 

X 

Helianthus anuus 
var. Oslo 

5% Asteraceae 
Fast setting 
Flowering 70-80 j 

0 

 
Spontaneous weeds with melliferous features in France 

Crop weeds can provide some food to bees as well. The DEPHY-Abeilles 

programme on ZAPVS provided some data on weed occurrence depending on farming 

practices in cereals or rapeseed and the bees visiting in these fields. Farming practices 

have been modified in these trials towards reductions in herbicide use, and pollinators 

were recorded on weeds.  Simon (2015) detailed the plants on which pollinators were 

observed in foraging action: 
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Total number of pollinators observed on flowers related to the type of 
foraged spontaneous plant on cereal field margin (Simon, 2015). 
Melliferous potential of Cirsium is 100 kg/ha; Geranium, 50 kg/ha; 
Lamium purpureum 63 kg/ha and Borago officinalis 214 kg/ha (Ion, 2013) 
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CNRS Chizé chose in the SUDOE Poll-Ole-GI project to sow Cyanus segetum in 

cereal fields of 20 farmers in order to provide food for bees. Transects were performed 

during flowering for an assessment of foraging activity. 

On the other hand, pollen analyses in agricultural landscapes can provide much 

information on floral preferences by bees in crops. Requier (2015) detailed the weed 

species pollen collect by the honeybees in ZAPVS. The list of the main weeds foraged for 

pollen can be found in APPENDIX 2.  

 

3. The French Poll-Ole-GI mixture  

The mixture chosen, Melifore 2, developed by the company Jouffray Drillaud was 

chosen based on a number of criteria: 

 

A. Availability  

The species chosen for the mixture are easily found on the market; they are easy to 

reproduce, they are quite common and can be bought at a reasonable price for farmers. 

 

B.  Adaptation and easy to grow 

The 5 species in the mixture are well adapted to the soil and the climate of the region 

on the French study site “Zone Atelier Plaine et Val de Sèvre”. Moreover they are not 

perceived as weeds for farmers, and they are not likely to colonize the crop.   

 

C. Complementarity and attractiveness 

The species of the mixture were chosen for their complementarity in terms of 

vegetation development and flowering and for their attractiveness as a resource of nectar 

and pollen for pollinators. Common Sainfoin (Onobrychis vicifolia) and white sweet 

clover (Melilotus albus) create high vegetation that is highly valued by pollinators, both 

of which provide high pollen and nectar production. The hop clover (Medicago lupulina) 

has low vegetation that allows good soil cover and early flowering. Red clover (Trifolium 

pratense) has medium vegetation height that complements the canopy density and is an 

important food resource. Phacelia develops rapidly and provides abundant flowering in 
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the first year. The perennial species of the mixture, the hop and the red clover, provide a 

flowering from May to September in favorable conditions. 

 

Management 

The mixture can be sown in spring between March and the beginning of May, or in 

the fall. If the fall is chosen, it should be set up before the 15th of September, otherwise 

the development will be insufficient before winter (legumes are plants that need light and 

long day length). The depth of sowing should be superficial, 1 cm maximum and the 

density recommended is 20 kg/ha. 

A superficial working of the soil can be sufficient; plowing is not essential and 

rolling right after sowing helps the cover establishment. With the exception of sainfoin, 

the legumes of the mixture have small seeds that require a fine and firm ground. To 

facilitate the establishment of the cover in case of presence of weeds, a high mechanical 

vegetation grinding allows the removal of annual weeds in most cases. 

The maintenance of MELIFLORE 2 mixture is not very demanding. Indeed, 

differences in species heights provide optimal soil cover. From April 1 to July 15, it is best 

not to disturb the cover in any way as it is the period of breeding or calving. In case of 

intervention, a scaring bar, centrifugal or belt grinding and reduced speed are preferable. 

In any case, grinding or cutting before the winter favors the regrowth of the plants the 

following spring and a high grinding after flowering (in accordance with local 

regulations) helps control annual weeds and ensure sufficient regrowth. 

If the mixture is implemented in autumn, all the species should be in flower the year 

after except for the white sweet clover, which is a biannual. The cover should remain 4 

months with the presence of flowers, depending on the year conditions and the type of 

soil.  

 

4. Bibliographical information on experiences in Spain with floral cover crops 

Habitat management with the objective of conservation requires the selection of 

the most suitable floral species in terms of their attractiveness to pollinators and a 

simplicity of agronomic management (Barbir et al. 2015a). However, as late as 2013 it 
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was noted that there was a lack of practical information on attractiveness and 

management of beneficial plants in Spain (Miñarro and Prida 2013). Recent years have 

seen an increased interest in studying and developing optimized floral mixtures aimed 

at benefitting pollinators with experimentation carried out within Spain. 

 

Designing a flower mixture for the Iberian Peninsula 

There are a number of species which have been common subjects of recent studies 

from research groups coordinating with the Operation Pollinator initiative spearheaded 

by Syngenta in Europe and elsewhere1. Choosing appropriate plants may be based on, 

among other factors, their native status in the Mediterranean region, broad distribution, 

and good potential as nectar and pollen sources for pollinators (Barbir et al. 2016). 

The phenology of plant flowering period and duration has been an important 

consideration of such studies (Sánchez et al. 2014). One research group, having 

conducted at 3-year study in a rainfed barley crop, claimed to have identified an optimal 

flower mixture based on the criteria of blooming period and duration, cover, and 

attraction to beneficial fauna, consisting of Borago officinalis, Calendula officinalis, 

Coriandrum sativus, and Diplotaxis catholica (Viñuela et al. 2015). Within this project, 

Sánchez et al. (2016) describe the testing of two mixtures, one of shrub-like plants 

(Compositae, Fabacea, and Lamiaceae), and another of herbaceous plants (Apiaceae, 

Boraginaceae, Brassicacea, Caryophyllacea, Compositae, Fabaceae, Lamiaceae, and 

Ranunculaceae). Herbaceous and shrub-like mixture obviously have different 

management implications, as well as potential attractiveness for specific beneficial 

insects (discussed below). Rodríguez-Gasol and colleagues (2016) studied a mixture of 

four species including Achillea millefolium, Lobularia maritima, Moricandia arvensis, 

and Sinapis alba in apple orchards, commenting that the mixture had an extended 

flowering period from April to September.  

 

Plant attractiveness 

Barbir et al. (2015a), testing herbaceous flowering plants from different botanical 

families, noted that bees were particularly attracted to the flowers of Borago officinals 

and Phacelia tanacetifolia despite interannual variability, corresponding with 

																																																								
1	http://www.operationpollinator.com/	
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observations of other authors from other regions. Diplotaxis tenuifolia and Echium 

plantagienum were also highlighted as being attractive to bees over a long flowering 

period, whereas long flowering periods are of interest to mixtures promoting 

pollinators. The relative attractiveness of B. officinalis, Calendula sp., Echium vulgare, 

and Diplotaxis sp. was also confirmed in Andalusian olive groves (Campos et al. 2017). 

Coriander has also been characterized as one of the most frequently visited plants by 

hoverflies in Spain (Barbir et al. 2015b).  

Barbir et al. (2016) also specifically tested a mixture of shrubby flowering plants of 

the Lamiaceae family, selected for continuous blooming and attractiveness. Of the 

species tested, Nepeta tuberosa and Hyssopus officinalis were seen to be most attractive 

to insects. When specifically contrasting the margins of shrub-like plants and 

herbaceous plants, Sánchez et al. (2016) report that shrub margins were associated with 

higher abundances of the bee genera Rhodanthidium and Colletes, where herbaceous 

covers were associated with Andrena, Panurgus, and Hylaeus, whereas it was also noted 

that the cover type did not seem to impact domesticated honeybee visits. 

In order to select an appropriate group of flowering plants for olive groves, 

Campos et al. (2017) used the criteria of attractiveness to pollinators and beneficial 

insects, flowering period, ease of management, adaptability to the olive grove system, 

and seed price.   

It was found in the study of Rodríguez-Gasol et al. (2016) that the floral margin 

attracted significantly more (nearly ten times) hoverflies and wild bees than non-seeded 

spontaneous margins dominated by grasses and non-melliferous plants.  

Though such studies have typically focused on wild pollinator abundance, authors 

have also noted that flower margins are used by Apis mellifera, the domesticated 

honeybee, thus translating benefits to apiculture (Sánchez et el. 2014) However, as 

demonstrated by data from the study of Pérez-Marcos et al. (2017a), the domesticated 

honeybee can have strong preference for certain floral resources. 

Barbir et al. (2015b) found that a highly-attractive monospecific margin of 

Diplotaxis tenuifolia contributed on average less to seed set per umbel than a mixed 

flower margin of six herbaceous species. The reason for this may be relative 
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attractiveness, since as the crop flower (coriander) number decreased, visits to the 

monospecific margin (wall rocket) increased.  Nonetheless, crop production was 

significantly increased by both the monospecific and mixed margins. 

 

Mixtures and spatial arrangement 

Though perennial plant mixtures may reduce maintenance costs in multi-year 

covers, installation costs (requiring transplanting and buying of plantlets) are of course 

expected to be much greater than herbaceous species covers. During 2011 and 2012 

Sánchez and colleagues (2013) carried out trials of natural vegetation surrounding 

intensively managed vegetable fields. In this case, the design was clearly to create strips 

(25 x 3m) along field margins. In this instance, both shrubby aromatics (Lamiaceae) as 

well as herbaceous plants from various families were tested, however the authors made 

no conclusions comparing the mixes, though they did state that the re-vegetated edges 

produced increases in certain groups of bees (Lasioglossum, Andrena, Panurgus, 

Halictus).  

 

5. The Iberian Poll-Ole-GI mixture 

In Poll-Ole-GI action, the floral mixture was initially defined for Spain with 12 

autochthonous species (with a few exceptions for naturalized species) providing resources 

to bees and pollinators. The mixture was chosen based on a number of criteria: 

 

A. Annual, native plants 

These enhanced-GI floral “islands” are designed to be incorporated into the 

landscape cereal-oilseed rotation scheme. Therefore, they are not permanent, but due to 

subsidy restrictions and other reasons they may be in place for 1-2 years. Therefore, 

herbaceous, annual plants are chosen. These plants must also be native to the region to 

support autochthonous insects and other fauna. 

 

B. Resources and attractiveness 

All of the plants in the mixture should provide a high amount of nectar and pollen 
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C. Phenology 

The flowering periods should cover the widest range possible of the growing season. 

 

D. Taxonomic diversity 

The plants should be chosen to represent as wide a range of taxonomic families as 

possible; this goes hand in hand with promotion of floral and insect diversity, allowing a 

larger number of pollinator taxon to forage and prosper. Also, the factor of flower 

coloration was taken into account. 

 

E. Germplasm availability 

Some native plants seeds are quite costly or not available commercially. When 

choosing between a selection of potential species within a genus, availability also 

conditioned the final choice.   

The initial mixture of 12 species was chosen based on previous experiences over the 

past 5 years within the Operation Pollinator program and expert opinion of Poll-Ole-GI 

participants. Below is the list of species established in 2017 in the “Flower islands”. 

 
Plant identity 

 
 
 
 
 
 
 
 

Species Family Flower color Melliferous potential (INTERAPI)
Borago officinalis Boraginaceae Blue Good
Calendula arvensis Asteraceae Yellow
Coriandrum sativum Apiaceae White Excellent
Salvia pratensis Lamiaceae (Labiatae) Blue-violet
Melilotus officinalis Fabaceae (Leguminosae) Yellow and white Good
Diplotaxis erucoides Brassicaceae White Good
Echium plantagineum Boraginaceae Violet
Silene vulgaris Caryophyllaceae White
Vicia sativa Fabaceae (Leguminosae) Purple Adequate
Nigella damascena Ranunculaceae Numerous
Sinapis alba Cruciferae Yellow
Medicago sativa Fabaceae (Leguminosae) Violet Good
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The flowering timetable to ensure continuity of floral resources follows: 
 

 
 
Seeding method 

Seeding may be done both manually and with mechanical seeders. Initial tests 

within the Poll-Ole-GI SUDOE project in the area of Cuenca to contrast the two seeding 

methods also resulted in no visually apparent differences in plant establishment (personal 

communication J. Gonález). In fact, since generally the seeded area is not very large, it is 

often most practical to seed by hand. This is done by mixing the seeds in a 1:1.5 volume 

with construction sand and broadcasting manually. 10-15 kg of seed per hectare is an 

acceptable application rate for annual plants.   

However, in order to convince farmers to seed floral mixtures, mechanical seeding 

may be a necessity. Most studies, implemented on a relatively small scale in these first 

studies, have relied on hand broadcasting, however Sánchez et al. (2016) report having 

obtained good results for both manual and mechanical seeding for the tested herbaceous 

and shrubby plant mixtures. The authors note, however that precautions must be taken 

to avoid stratification of seeds within the mechanical seeder, which can be avoided by 

properly adjusting the aperture of the seed pipe (personal communication J. González).  

 

Seeding time and establishment 

In Poll-Ole-GI, since the objective is provide floral resources late in the season for 

a sunflower crop, a Spring seeding date is most adequate. Testing at the University of 

Burgos garden with Autumn seeding effectively demonstrated that pre-winter seeding 

led to early senescence of the flowers, with all flowers effectively having ended their 

flowering and fruiting cycles by June.  

February March April May June July August September
Salvia Salvia Salvia Echium Melilotus Melilotus Melilotus Borago
Echium Echium Echium Nigella Borago Borago Borago Calendula

Nigella Nigella Melilotus Calendula Calendula Calendula Melilotus
Melilotus Borago Echium Echium Echium

Coriandrum Nigella Nigella Nigella
Vicia Vicia Vicia
Coriandrum
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Other experiences with seeding date with plants in this mixture have been varied. 

Sánchez and colleagues (2016) reported “best results” with autumn seeding (not 

specified in what sense), while others have had experiences of low establishment with 

Autumn seeding, requiring Spring re-seeding (cause unknown; C. Azpiazu, personal 

communication). Seeding date, apart from establishment, also affects the timing and 

duration of phenology of the seeded mixture; plants seeded and established in autumn 

will reach the blooming and seeding phenological stages earlier than spring-seeded 

plants. This factor is important when considering the actual function of a field margin, 

e.g. whether blooming should be simultaneous to that of the target crop, separate, or 

continuous.   

 

Tilling 

Soil must be tilled at least superficially when first seeding the mixture. Otherwise, 

establishment will be quite low. After the first year, an additional seeding is possible, but 

tillage should be very superficial so as not to destroy the larvae of native bees which are 

hibernating in the soil. The field should also not be managed in any way during the 

flowering period. 

Barbir et al. (2015a) also tested the effect of tilling on seedling emergence of the 

mixture plants. Of particular note, Calendula arvensis seemed to be negatively affected 

by tilling, while seedlings of Coriandrum sativum was positively affected. Additionally, 

Calendula arvensis, although qualified as attractive to hoverfly pollinators, exhibited 

“weediness” due to its expansion beyond test plots, though this may be controlled by 

tilling. Mowing has also been suggested to improve self-seeding of the mixture and thus 

improve competitiveness (J. Sánchez et al. 2016).  
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APPENDIX 1: Interapi floral resources species 

Scientific 
name 

Family Melliferou
s potential 

Pollen 
loads 
colour 

Flower 
attractivenes
s 

Flowerin
g speed 

General 
flowering 
period 

Seeds 
weight 
(1000 
seeds) 

Sowing 
density 

Borago 
officinalis 

Boraginaceae 200 kg/ha beige; 
grey 

Flowers violet 
to blue and 
then rose 
during 2 
months 

about 60-
75 days 
after 
sowing, 5 
weeks 
flowering  

from late 
March to 
early 
Novembe
r  

19g About 
10kg/ha 

Brassica rapa Brassicaceae 100-200 
kg/ha 

  Yellow 
flowers from 
pale yellow to 
bright yellow 

about 60-
90 days 
after 
sowing 

From June 
to August  

4 - 6g 5 to 15 
kg/ha 

Coriandrum 
sativum 

Apiaceae 315 kg/ha 
(150-500) 

  Annual - 
White flowers  

4 weeks 
flowering  

From June 
to late July  

7g - 

Cyanus 
segetum 

Asteraceae 205 kg/ha  
(60-350) 

  Annual - Blue 
flowers, 
sometimes 
blue, purple, 
rose or white  

8 weeks 
flowering  

From May 
to August 

5g - 

Echium 
vulgare 

Boraginacées 400 kg/ha  grey, 
green, 
violet 

Flowers blue 
or violet 

- From end 
of May to  
early July 
during 5 
weeks 

- - 

Fagopyrum 
esculentum 

Polygonacea
e 

100 to 150 
kg/ha, more 
30-40% for 
tretraploïd 
varieties 

gris Very 
attractive, 
flowers 
pinkish white, 
light blue, 
greyish blue 
or lilac 4 mm 
length.   
Maturation is 
very staggered   

about 4-6 
weeks 
after 
sowing, 4-
15 weeks 
flowering  

From 
mid-April 
to mid 
Septembe
r during 4-
15 weeks  

20 - 30 g 30 - 40 
kg/ha 

Guizotia 
abyssinica  
(Niger) 

Asteraceae Production 
de nectar 
moyenne. 

    Fairly late 
flowering 

  Enviro
n 3g 

8-10 kg/ha 

Hedysarum 
coronarium 

Fabaceae     Rose flower    - - 25 kg/ha in 
pure crop, 
15 kg/ha in 
association 
witrh 
Poaceae 

Lathyrus 
sativus 

Fabaceae High     about 3 
months 
after 
sowing 

July- 
August  

200 g  40-60 
kg/ha in 
pure crop; 
25-30 kg 
with 
Poaceae 

Lens nigricans Fabaceae         - 20 - 30g 40 kg/ha 

Linum 
usitatissimum 

Linaceae     Blue or rose 
flowers of 

  from mid 
April to 
late June  

4 - 7 g 20 to 50 
kg/ha pure, 
5 to10 
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various 
shapes 

kg/ha in 
mixtures. 

Lotus 
corniculatus 

Fabaceae 30-100 
kg/ha 

brown
, green 

Bright yellow 
flowers   

about 3 
months 
after 
sowing, 5 
weeks 
flowering  

April to 
Septembe
r 

0,9 - 1,5 
g 

15-25 
kg/ha 
(pure 
crop), 10-
15 kg 
(associated 
with 
Poaceae) 

Lupinus 
angustifolius 

Fabaceae 25 kg/ha    Dark blue 
fowers 12-14 
mm length 

  - 150 g - 

Medicago 
lupulina 

Fabaceae 50 - 100 
kg/ha 

  Biannual - 
Small yellow 
flowers (2--3 
mm) 

about 3 
months 
after 
sowing 

From 
mid-April 
to early 
October  

1.8 g 10 - 25 
kg/ha 
(pure 
crop),  5 - 
10 kg in 
mixture. 

Medicago 
sativa 

Fabaceae  
205 kg/ha 
(112-350)  

  Violet flowers 
9mm length  

about 70-
90 days 
after 
sowing, 5-
9 weeks 
flowering  

From 
early May 
to late 
Septembe
r  

2 - 2,5g 20-25 
kg/ha 

Onobrychis 
viciifolia 

Fabaceae 150-175 
kg/ha  

brown Flowers rose 
to red, 2 à 
3mm length 

about 3 
months 
after 
sowing, 4 
weeks 
flowering  

April to 
Septembe
r 

20 - 22 g 40-50 
kg/ha 
(triturated 
seeds) or 
120-130 
kg/ha 
(rough 
seeds). 

Pisium 
sativum 

Fabaceae 100 kg/ha.   Rose, purple, 
violet or white 
flower 

about 32-
52 days 
after 
sowing 

From 
early April 
to early 
Novembe
r  

100 - 
300 g 

40 - 100 
kg/ha in 
pure crop, 
25-30 
kg/ha in 
mixture 

Raphanus 
sativus 

Brassicaceae 45 kg/ha   White 
flowers, Les 
fleurs sont 
blanches, 
violet or 
veined purple. 
Strictly 
entomogam    

about 50-
70 days 
after 
sowing, 2-
3 weeks 
flowering  

From May 
to July  

8 - 10 g 8 to 12 
kg/ha 

Raphanus 
sativus (var. 
longipinnatus
) 

Brassicaceae 45 kg/ha   White 
flowers, Les 
fleurs sont 
blanches, 
violet or 
veined purple. 
Strictly 
entomogam    

about 50-
70 days 
after 
sowing, 2-
3 weeks 
flowering  

From May 
to July  

8 - 10 g 8 to 12 
kg/ha 

Setaria italica Poaceae Actively 
foraged by 
bees for for 
pollen 

    about 50-
60 days 
after 
sowing 

- 2 - 3 g 15 - 30 
kg/ha 

Sorghum 
bicolor 

Poaceae Actively 
foraged by 
bees for for 
pollen 

yellow Flowers 
green, yellow 
or rose 

  Beginning 
July to end 
August 

25 - 35 g 15 - 25 
kg/ha pure, 
8 - 10 kg in 
mixture. 

Trifolium 
alexandrinum 

Fabaceae 165 kg/ha.   Annual - 
Flowers 
yellowish to 

Late 
blooming 

- 2 - 3 g 20-30 
kg/ha in 
pure crop, 
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creamy white, 
corolla 3mm 
length 

10-15 kg in 
association 
with 
Poacea or 
spring 
Brasicacea
e 

Trifolium 
hybridum 

Fabaceae 215 kg/ha 
(90-350)  

  Perennial - 
Capitulum 
similar to that 
of Trifolium 
repens,, white 
or white-rose 
flowers. 
Strictly 
entomogam 

about80-
90 days 
after 
sowing, 7 
weeks 
flowering 

From 
early May 
to late 
Septembe
r  

0,6 - 
0,8g 

12-20 
kg/ha 

Trifolium 
incarnatum 

Fabaceae 105 kg/ha 
(50-140) 

grey, 
brown 

Annual -  
red/white or 
purple flowers 
- Flower 16 
mm length 

  Flowering 
from end 
of June, 
during ~4 
weeks 

2 to 3 g 20-25 
kg/ha in 
pure crop ,  
10-15 kg (if 
associated 
with 
Poaceae). 

Trifolium 
pratense 

Fabaceae 100-200 
kg/ha 

grey, 
brown
, green 

Flowers 
purple 
sometimes 
white,  7,5 to 
12,5mm 
length 

about 3 
months 
after 
sowing, 5 
weeks 
flowering  

From 
early April 
to 
Septembe
r 

- - 

Trifolium 
repens 

Fabaceae 100 kh/ha 
(50 - 200 
kg/ha) 

grey, 
brown
, green 

White flowers  about 3 
months 
after 
sowing, 7 
weeks 
flowering  

Frm early 
April to 
Novembe
r 

0,60 - 
0,70g 

4 to 5 kg/ha 

Trigonella 
foenum-
graecum 

Fabaceae     yellowish 
white flowers 
very attractive 
for bees  

    15 - 25 g 25 to 40 
kg/ha 

Vicia faba 
(var. equina) 

Fabaceae 50 kg/ha 
(25 -100).  

  White-rose 
flowers with 
black wings 
25 mm length  

4 weeks 
flowering  

From late 
April to 
end June  

300 - 
650 g 

80 - 180 
kg/ha in 
pure crop, 
30 - 50 kg 
in mixture. 
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APPENDIX 2: Main weeds foraged for pollen in France 
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APPENDIX 3: Data on melliferous potential of plants (INTERAPI project) 
 

Scientific name Family Life cycle Flowering 
start 

Flowering 
span (in 
weeks) 

Melliferous 
potential 
mean 
(kg/ha) 

Nepeta nuda Lamiaceae perennial 10-20 June ≈ 5 800 

Scrophularia 
umbrosa 

Scrophulariaceae perennial 10-20 June ≈ 5 800 

Scrophularia nodosa  Scrophulariaceae perennial 1-10 June ≤ 5 800 

Echium creticum  Boraginaceae annual 20-30 June ≈ 6 700 

Agastache 
foeniculum 

Lamiaceae perennial 10-20 June ≤ 7 600 

Coriandrum sativum 
L. 

Apiaceae annual 10-20 June ≈ 3 500 

Asclepias syriaca  Asclepiadaceae perennial 20-30 June ≈ 6 500 

Centaurea scabiosa  Asteraceae perennial 20-30 June ≈ 6 500 

Stachys recta  Lamiaceae perennial 1-10 June ≈ 6 500 

Phlomis tuberosa  Lamiaceae perennial 20-31 May ≈ 5 500 

Levisticum officinale Apiaceae perennial 10-20 June 3-4 490 

Melilotus alba 
(biannuel) 

Fabaceae biannual 20-30 June ≈ 5 450 

Echium vulgare  Boraginaceae biannual 1-10 June ≈ 5 400 

Ruta graveolens Rutaceae perennial 20-30 June ≈ 5 400 

Sisymbrium 
strictissimum  

Brassicacea perennial 1-10 June 2-3 360 

Gypsophila 
paniculata 

Caryophyllaceae perennial 20-30 June ≤ 4 360 

Centaurea cyanus  Asteraceae annual 10-20 June ≈ 8 350 

Phacelia 
tanacetifolia 

Boraginaceae annual 1-10 June 4-5 350 

Leonurus cardiaca Lamiaceae perennial 20-30 June ≈ 5 350 

Origanum vulgare Lamiaceae perennial 20-30 June ≤ 5 350 

Polygonum bistorta Polygonaceae perennial 20-31 May 3-4 350 

Heracleum 
sosnowskyi  

Apiaceae perennial 20-30 June ≈ 3 300 

Centaurea montana  Asteraceae perennial 1-10 May ≈ 5 300 

Cynara scolymus L. Asteraceae perennial 10-20 June ≈ 4 300 

Campanula medium Campanulaceae biannual 1-10 June 3-4 300 

Dipsacus fullonum  Dipsacaceae biannual 20-30 June ≈ 5 300 

Salvia verticillata  Lamiaceae perennial 10-20 June ≈ 6 300 

Marrubium vulgare  Lamiaceae perennial 10-20 June ≈ 4 300 

Salvia pratensis  Lamiaceae perennial 10-20 May ≈ 4 295 

Sedum 
midderdorfianum 

Crassulaceae perennial 20-31 May > 3 270 

Knautia arvensis  Dipsacaceae perennial 10-20 June 6-7 270 

Lythrum salicaria Lythraceae perennial 20-30 June ≈ 5 215 
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Archangelica 
officinalis  

Apiaceae biannual 20-30 June ≈ 4 200 

Angelica sylvestris Apiaceae perennial 1-10 June ≤ 3 200 

Vincetoxicum 
hirundinaria  

Asclepiadaceae perennial 20-31 May > 11 200 

Melilotus officinalis Fabaceae biannual 10-20 June ≈ 6 200 

Onobrychis arenaria Fabaceae perennial 20-31 May 3-4 200 

Mentha piperita L. Lamiaceae perennial 1-10 June >10 200 

Chamaenerion 
angustifolium 

Onagraceae perennial 1-10 June ≈ 7 200 

Digitalis purpurea Plantaginaceae biannual 10-20 June ≈ 4 200 

Reseda alba Resedaceae perennial 20-31 May ≤ 10 200 

Borago officinalis Boraginaceae annual 20-30 June > 3 187,5 

Medicago sativa Fabaceae perennial 1-10 June ≈ 5 180 

Trifolium 
resupinatum              

Fabaceae annual 20-30 June > 6 175 

Dictamnus albus Rutaceae perennial 20-31 May ≈ 5 175 

Anchusa officinalis Boraginaceae biannual 20-31 May ≈ 6 170 

Salvia pratensis L. Lamiaceae perennial 10-20 May ≈ 7 170 

Lavatera 
thuryngiaca  

Malvaceae perennial 20-30 June ≈ 6 170 

Anchusa azurea Boraginaceae biannual 20-31 May ≤ 5 160 

Jasione montana Campanulacées biannual 1-10 June ≈ 5 160 

Malva sylvestris  Malvaceae perennial 20-30 June ≤ 6 160 

Reseda luteola Resedaceae biannual 10-20 June ≤ 7 155 

Nepeta cataria L. Lamiaceae perennial 1-10 July ≈  4 150 

Melissa officinalis L. Lamiaceae biannual 1-10 June ≈  8 150 

Thymus serphyllum 
Fries. 

Lamiaceae perennial 1-10 June >10 150 

Digitalis lanata Ehrh. Plantaginaceae biannual 10-20 May ≈ 7 150 

Sinapis alba L. Brassicacea annual 10-20 May ≈ 6 40 

 
	


