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Abstract

Intensive farming systems have led to reduced food availability for honey bees which
could be related to their current decline. A global tool is needed in order to assess the
melliferous potential of plant species that could be developed as crops or companion
plants in such systems. This review is based upon a survey from an extensive dataset col-
lected in Romania over the last sixty years to record the nectar production of 153 weedy
species. While there was considerable variation among these plants, we found that the
melliferous potential of such large families as the Brassicaceae was low, that of the Api-
aceae, Asteraceae and Fabaceae at an intermediate level, and that of the Lamiaceae and
Boraginaceae the highest. High nectariferous potential was found to be an important fea-
ture of perennial ruderal species. Within the main flowering season, perennials provided
much more nectar than annuals. These results could help to develop new agricultural
practices more compatible with honey bee colony survival and honey production, as some
of these plant species could provide a solution to enable agriculture and beekeeping to
coexist in a sustainable way.
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INTRODUCTION

A large part of the European honey harvest is
derived from the mass flowering of herbaceous
crops such as oilseed rape (Brassica napus),
sunflower (Helianthus annuus), lavender
(Lavandula  angustifoligg  and  coriander
(Coriandrum sativum). Yet the discontinuous
flowering of such crops over the season may
result in an inhospitable environment for honey
bees in between short periods of abundant
resources (Williams, 2002; Decourtye et al,
2011; Requier et al, 2015). Indeed, intensive
farming leads to overall low nectar collection
over the season with a concomitant reduced
honey production and slow development of
honey bee colonies, making them more sus-
ceptible to stressors (Holzschuh et al., 2007;

Bretagnolle & Gaba, 2015; Alaux et al., 2017).

The communities of herbaceous plants in agricul-
tural habitats depend on crop management and
agricultural practices. Weedy plant species can
interfere with farming activities, but some may
play important ecosystem functions (Carvalhei-
ro et al,, 2011; Gaba et al., 2017). Indeed, some
are melliferous plants that provide an essential
component of the food resource for honey bees
at the landscape scale (Bretagnolle & Gaba,
2015; Requier et al.,, 2015). A melliferous plant
is defined as a plant that provides resources
commonly collected by honey bees and in such
amounts that it can provide a honey crop (Crane,
1975). This review will address only floral nectar
secretion. This nectar secretion, both from a
quantitative and a qualitative standpoint, is
driven by environmental and genetic factors
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(Davis, 2001; Radhika et al, 2010; Nedic,
2013). Nectar is also heavily dependent upon
the intensity of photosynthesis, for instance.
However, the stable ranking of the melliferous
potential over a large spectrum of species and
environmental conditions indicates that intrinsic
factors drive a large part of nectar secretion
(Jabtonski & Kottowski, 2002).

Melliferous species have evolved under a wide
range of environmental factors, such as climate,
soil and biotic factors, and present today a large
variability in their value as food supply for honey
bees. Their abundance and diversity in agricul-
tural habitats depend on their intrinsic functional
traits as well as land-use management. Weedy
herbaceous plant communities in agricultural
habitats comprise species which are not directly
linked with the crop produced and can occur in
three vegetation groups: (i) crop plants (feral
populations), (ii) segetal weed plants in arable
land, (iii) ruderal weed plants in adjacent sites.
There is evidence that the floral diversity and
the abundance of weeds plays a key role in
agroecosystem regulation as it helps maintain
pollination services that are profitable to crop
production (Carvalheiro et al,, 2011; Denisow &
Wrzesien, 2015). Recent surveys have assessed
the ability of ecosystems to provide food for
pollinators, thanks to the pollen or nectar that
some habitats provide (Janssens, Bruneau, &
Lebrun, 2006; Jaric et al, 2013; Baude et al.,
2016). Melliferous flora can also contribute to
wild bee abundance and to crop vields through
enhanced floral diversity (Rollin et al, 2013;
Hevia et al., 2016). Flowering weeds are heavily
foraged by honey bees in semi-natural elements
and crops alike (Odoux et al.,, 2012; Requier et al.,
2015), which stresses the importance of mixed
habitats in providing resources for the honey
bee diet. However, wild flower strip cropping
has been shown in orchards not to compete for
insect pollination services (Lundin et al., 2017).
The melliferous properties of crops are generally
not considered by farmers as a potential source
of income and the melliferous properties
of weeds are not taken into account either.
European public policies encourage schemes for
more complex landscape structure in croplands,
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but results have varied (Wratten et al., 2012).
The FAO of the UN has delivered a protocol to
assess pollination deficits in crops (Vaissiere,
Freitas, & Gemmill-Herren, 2011), but references
are still needed to compare the ability of plants
to provide food for the pollinator fauna.

From this point of view, the melliferous potential
is useful to compare plant species. The mellifer-
ous potential, also called the ‘honey potential’,
is defined as the theoretical quantity of honey
(in kilograms/ha) that could be obtained in the
course of a season from one hectare of land
covered with the focal plant (Crane, 1975). It is
calculated for each plant species based on the
sugar amount secreted from individual flowers,
the duration of the blooming period and the
number of flowers per hectare. Three conditions
are assumed: 1) optimal growing conditions for
the plants, 2) adequate population of worker
honey bees to gather the total amount of nectar
secreted, and 3) climatic conditions suitable
for honey bee foraging. Although in practice
these conditions are rarely fulfilled, the mellif-
erous potential provides a useful basis for taxa
comparison (Crane, 1975). Extensive studies
have been conducted on some major crops,
especially in order to provide some knowledge
on the relative attractiveness of different
varieties, for example on oilseed rape (Pierre et
al., 1999, lon et al.,, 2012; Nedic et al., 2013) and
sunflower (Frank & Kurnik, 1970; Pham- Delegue
et al., 1985; lon et al., 2012).

In order to help beekeepers, farmers, and land
managers, some authors have developed lists
with a ranking of the melliferous plants for
several decades. These references can be global
reviews and useful check lists for the mellifer-
ous potential of many species (Crane, 1975; de
Wilmars, Bruneau, & Evrard, 1989). Others offer
a compilation of species, but do not discuss the
values of the melliferous potential they report
(Janssens, Bruneau, & Lebrun, 2006). Ricciar-
delli d’Albore and Intoppa (1978) conducted an
exhaustive study to assess melliferous plants
all over the Mediterranean basin. As a guiding
tool for beekeepers, some data on the mellif-
erous potential are also available in apicultural
manuals, but the source of the values reported



is generally not provided. Additionally, mellif-
erous potential must not be understood by
beekeepers as the real honey harvest, due to
the presence of other species in the pollinator
community the honey bee belongs to and which
consume nectar as well.

Only few authors have carried out extensive
measurements of nectar secretion under
cropping or gardening conditions that resulted in
a solid classification of the melliferous potential
of plants in a given context (e.g., Koftowski
(2006) in Poland). In addition, they highlighted
the method of measurement and stressed the
accuracy of the capillary method (Jabtonski
& Szklanowska, 1979). Jabtonski & Koftowski
(2002) showed that the melliferous potential
can be similar over a period of forty years for
some species. Other surveys also concern some
specific phylogenetic or economic groups of
plant species, e.g., spontaneous Lamiaceae or
medicinal plants in Romania (lon & lon, 2007;
Basa et al., 2008). More recently, Baude et al.,
(2016) assessed the nectar production at a
countrywide scale by looking at a large range
of species and combining several methods
of empirical measurements and calculated
estimates.

Many data on the melliferous potential are
available in the scientific literature, but few
of them deal with a wide range of plants and
allow comparison of species under similar envi-
ronmental conditions. Yet the development of
a large database on the melliferous potential
recorded over a long time period under natural
conditions and over a large range of plant
species in the same region still remains a
necessary and fundamental basis for the solid
assessment of the potential honey production
and beekeeping potential of a given area. Indeed,
to our knowledge, no study to date has dealt
specifically with the large herbaceous plant
community found in cropping habitats. Also, the
few studies that have addressed these plant
taxa have done so with a range of methods.
The objective of our survey was to synthesize
a large body of data obtained with a standard
method to assess the melliferous potential of
weedy species depending on i) their botanical
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traits, and ii) their ecological traits, namely
their flowering period, their life cycle, and their
habitat to better understand the causes of vari-
ability of this potential and identify the most in-
teresting species.

MATERIAL AND METHODS

Acquisition and preparation of the data set
This review is based upon a survey of many
studies conducted in Romania over the last
sixty years on the melliferous potential of
herbaceous species from various habitats. We
surveyed data reported within about 1000
publications at the library of the Beekeeping
Research and Development Institute in
Bucharest (ICDA Bucharest), mainly from former
and current scientists from this institute.
Excluding the reports without methodologi-
cal information, we exclusively collected data
which were obtained with a common method,
i.e., the capillary method. Even though some
factors of variation can exist between different
measurement sessions (due to, for example,
season, stage of flower development, sampling
hour, and blooming phenology), we considered
these data as suitable for our work, and data ac-
cumulated over several generations on various
species could be viewed together as a long-term
study. In addition, for each species reported,
we noted botanical, biological and ecological
features (family, biological type and life cycle,
preferred habitat, type of inflorescence, flower
colour and blooming month) which might be
associated with their melliferous potential. To
this end, we used the data freely available on
the Tela Botanica database (www.tela-botanica.
org) and the Apibotanica database (http://apibo-
tanica.inra.fr).

Since original data was generally not accessible,
we examined the data from each reference in
order to exclude data with a significant author
bias (see below). Finally, we kept the data from
thirty-eight papers written by nineteen authors
and reporting results from 1949 to 2012 on 153
plant species belonging to 28 botanical families.
(Fig. 1) (See references in Annex 1). Preliminary
analysis upon the 417 available values led to the
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conclusion that there has not been a significant
time trend over this long period (Im, p>0.05; Fig.
1). It is noteworthy that 52% of the data set
were provided by I. Cirnu, the previous head of
the Melliferous Flora Laboratory, who has done
a remarkable synthesis of the laboratory works,
and the first author of this paper who added
and confirmed many former values (217 out of
417 values).

The calculation of the melliferous potential
for each botanical species was based on three
parameters monitored at the same sampling

lad

Fig. 1. Data distribution of the
melliferous potential (MP) along
() the survey period and (b) the
authors for the 153 melliferous
species.
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site: 1) the average sugar mass produced
by individual flowers during anthesis; 2) the
duration of anthesis, that is the period during
which the flowers remained open and foraged
(expressed in days); and 3) the flower density,
that is the number of open flowers per unit area
of land cover (see below).

Different methods are commonly proposed to
measure the sugar production of individuals
flowers: i) rinsing the nectariferous tissues with
distilled water and subsequently measuring its
sugar concentration, ii) extracting nectar with
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Table 1.
Melliferous potential (MP) of twenty-seven plant families determined from the N data sets
recorded in thirty-eight papers ranked by decreasing median values

. Number number . Coef-
Botanical of number of MPrange MPmedian MPmean ficient of
family species references (kg/ha) (kg/ha) (kg/ha) variation
studied VAU SD
Apocynaceae 1 10 5 94 - 600 430 430 -
Lythraceae 1 5 4 100 - 250 206 206 -
Rutaceae 1 3 2 50-119 190 190 -
Lamiaceae 40 122 16 10 - 600 145 160 64.9
Boraginaceae 8 30 " 40- 1000 137 204 89.7
Plantaginaceae 3 5 3 40-140 99 86 480
Apiaceae 10 26 9 10 - 500 74 122 909
Cucurbitaceae 8 18 6 20-230 70 87 708
Fabaceae 20 67 15 15-500 61 101 86.4
Asteraceae 18 43 16 10 - 500 58 96 99.0
Polygonaceae 3 N 8 20-150 56 62 571
Amaryllidaceae 2 7 5 10-150 53 53 115.0
Geraniaceae 1 1 1 50 50 50 -
Polemoniaceae 1 1 1 50 50 50 -
Resedaceae 2 2 1 50 50 50 -
Brassicaceae 10 30 14 20-325 43 64 104.9
Malvaceae 7 13 4 30- 200 40 66 89.6
Rosaceae 1 2 1 30-50 40 40
Asparagaceae 3 2 2 10-30 30 23 49.0
Dipsacaceae 2 2 1 10-50 30 30 94.3
Solanaceae 1 2 1 20-40 30 30 -
Ranunculaceae 4 5 2 20-50 23 29 49.95
Colchicaceae 1 2 1 10-20 15 15 -
Iridaceae 1 2 1 10-20 15 15 -
Papaveraceae 1 2 1 10-20 15 15 -
Liliaceae 1 2 2 10-10 10 10 -
Linaceae 1 1 1 10 10 10 -
Portulacaceae 1 1 1 10 10 10 -
28 153 417 38 Total

Based on a sugar content of 80% for honey (Codex Alimentarius CODEX STAN 12-1981, FAO, Rome), the
melliferous potential was then calculated as follows:

Melliferous Potential (MP) =

Sugar mass/flower x anthesis duration x flower density x 0.807" x 10
where:

MP is expressed in kg honey/ha;

Sugar mass in nectar per flower and per day is expressed in mg/flower/day;
Duration of anthesis is expressed in days;

Flower density is expressed in number of flowers per ha;

0.80 represents the conversion factor of sugar in honey;

10-¢represents the conversion of milligrams to kilograms.
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filter paper, and iii) extracting nectar with glass
capillaries. When its use is possible, the capillary
method followed by nectar mass weighing
(mg/flower) and sugar concentration deter-
mination (% weightwise) is the most accurate
technique to measure the sugar production
of flowers and requires simple equipment, in
spite of the precaution to insert a glass tube
to reach the nectar glands, and the availability
of a well-trained staff (Jabtonski, 2002). Sugar
mass production has been considered by many
authors as a method of standardization because
it provides a common currency in which one can
express the nutritional contribution of all plant
species (Baude et al., 2016).

The manipulation requires only touching the
drop of nectar without breaking the drop apart
nor damaging the nectariferous glands. In most
studies we used, only one operator performed
samplings and a potential operator effect was
therefore avoided. In this paper, the nectar
collection was performed thanks to a capillary
device improved at the ICDA laboratory, with a
nectar collecting tube (0.3 mm internal diameter)
connected to two inflated bulbs, fitted to an ap-
propriate mouthpiece for suction (Fig. 2 a & b).
This device thus combines the capillary force
applied first where the collecting tube is applied
with a sucking force during the suction process.
The pipettes were then weighed on a precision
scale to record the amount of nectar (Fig. 2¢).
The sugar concentration was measured in the
field using a hand-held refractometer (0-80%
sugar; Fig. 2d). The minimum volume of one
nectar sample was such that it made the reading
possible when placed on the refractometer
stage (5 pL), and so it was sometimes necessary
to get the nectar from up to fifty single open
flowers or florets (e.g. Helianthus annuus) to
obtain a measurable amount of nectar (one
nectar sample) depending on the species and
the volume of nectar per flower (an average of
ten flowers or florets including those without
available nectar were used). Morphological
features of the flower/inflorescence were used
to select only fresh-looking flowers and have a
complete sampling of the flowers throughout all
stages of their period of anthesis.

i
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Fig. 2. lllustration of the nectar collection with the
capillary pipet of the ICDA: general view of the
device (a), nectar aspiration on Helianthus annuus
and Lamium purpureum (b), field balance (c), refrac-
tometer (d)

Surveys were not carried out in cultivated
stands of cropped plants such as flowerbeds
or field strips, but in large populations growing
freely, so that the sampled flowers included at
the same time all stages of flowers at anthesis
available in a given location and on a given date.
All flowers (open flowers) were previously



bagged for 24 hours prior to nectar sampling
to avoid insect foraging (see also Jabtonski &
Szklanowska, 1979). Thus, for a given plant
species, we did not look at the nectar secretion
dynamics of individual flowers over their full
period of anthesis by bagging flowers over
various length extending to the full duration
of this period as done by Jabtonski (2002, Tab.
1). Instead, the protocol used in the studies we
selected aimed at assessing the average nectar
secretion rate of a given population of flowers,
that were sampled based on their relative
abundance at the time of sampling in the study
site. Thus our approach is more representative
of a landscape study at the bee radius level.
Indeed, the nectar secretion rate per flower was
based on at least ten nectar samples per day
which were considered as pseudo-replicates,
over a minimum of two days per week, and for
as long as permitted by the original area of land
with the species under study was flowering.
Before nectar sampling, the duration of anthesis
was determined. In order to do this, a few buds
(n=2-3) were tagged and bagged on different
individual plants (n=15 per species). Anthesis
duration was measured from bud opening to
the first signs of senescence on these tagged
flowers (range from 1 to 8 days, as reported in
Tab. 1 of Jabtonski (2002).

The density of flowers at anthesis was
calculated by multiplying the average number of
plants per unit area by the average number of
fresh-looking flowers (i.e. at anthesis) per plant.
The quadrat method (1m x 1m, evenly spaced
along a straight transect) was performed on
the whole area in homogeneous habitats, while
it was carried out by stratified sampling in het-
erogeneous habitats. The number of targeted
plants was recorded as well as their land cover
in % and the number of flowers at anthesis per
plant. The output of these calculations gave us
the number of flowers at anthesis per ha. Such
measurements required almost one day per
sampled field.

Statistical analyses

All statistical analyses were performed using
R (R-Development-Core-Team 2016). The coef-
ficient of variation (SD = standard deviation /
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mean) of the melliferous potential was calculated
within each botanical family based upon the
average value of available honey yields. The
trends of MP values were tested using gen-
eralized linear models (GLM). F statistics were
obtained by ANOVA for groups’ homogene-
ity effects. Families were treated as a random
factor using linear mixed-effects models (LME-
library nlme) when analysing the effects of
ecological and botanical features. Factors were
reordered for the corolla colour effect based on
‘white’ level as an intercept.

From the 417 MP values reported in the
corpus of the data we used, we reported both
maximum and minimum values, in addition to
the mean value that we calculated from the MP
figures reported by each author and a range of
variation within each family.

RESULTS

Melliferous potential vs. botanical features
The complete list of results for the 153 species
is presented in S1-Tablel (on line) and ranged
from 10 to 1000 kg honey/ha. We found that
the family explained 29.8% of the MP variation
(F=18.93, p>0.05), while the family*species
interaction explained 70.7% of this variation
(F=9.70, p<0.01). The distribution of the MP
values for the 153 species was skewed and
largely dominated by low melliferous potentials
(Fig. 3).

Some botanical families were extensively in-
vestigated (e.g. Lamiaceae, Fabaceae and
Asteraceae), while others were not (e.g., Ranun-
culaceae, Iridaceae, Geraniaceae). Only one third
of the families contain more than one species
with numbers ranging from 2 to 40 species per
family (Tab. 1). According to the median value,
the most nectariferous species belonged to Ap-
ocynaceae, Lythraceae and Rutaceae, but these
families were represented by only one studied
species. The MP had a high SD (90-115%) among
species for Brassicaceae, Asteraceae, Apiaceae,
Boraginaceae and Malvaceae, while the SD of
species of Fabaceae, Cucurbitaceae, Lamiaceae,
Polygonaceae and Ranunculaceae was lower
(50-86%). Families that contain such top mellif-
erous plants (MP2300 kg/ha) as Boraginaceae,
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surveyed for a long time. For example,
Phacelia tanacetifolia (Boraginaceae)
is a particular case since many data
were available from 1949 to 2012
from seven authors, who reported
MP ranging from 150 to 1000 kg/ha
(S1-Tablel). The top-ten plant species
were Phacelia tanacetifolia (566 kg/
ha), Lavandula angustifolia (460 kg/
ha), Asclepias syriaca (430 kg/ha),
Echinops sphaerocephalus (417 kg/ha),
Salvia officinalis (380 kg/ha), Salvia
verticillata (375 kg/ha), Melilotus albus

(syn. Trigonella alba) (333 kag/ha), and

[ T I I I T
0 100 200 300 400 500

MP values (kg/ha)

Fig. 3. Distribution of the melliferous potential (MP) for 153

melliferous species

Apiaceae, Fabaceae and Apocynaceae had only
one top species, except for Lamiaceae. Indeed,
there was no clear link between MP values
and particular families, except perhaps for
Lamiaceae.

Within the Lamiaceae, Fabaceae and Asteraceae
families (18 to 40 studied species per family),
several important nectar-producing genera
contained many good melliferous species,
and some of these have also been intensively

Coriandrum sativum (324 kag/ha). Large
variations in melliferous potentials
were detected within  botanical
families, and sometimes within genera,
in particular in the Lamiaceae. From
these results, we conclude that the
melliferous potential is an intrinsic characteris-
tic of a species with little incidence of the genus
or family.

600

Melliferous potential vs. ecological features

The melliferous potential of ruderal plants
was significantly higher than that of crops and
segetal weeds (F=4.211; Df =2, Df,=149; p<0.05;
Fig. 4a), while the number of melliferous species
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1 1
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Fig. 4a. Habitat and melliferous potential (MP). Medians are represented by the black thick lines. Numbers
in red indicate the number of values for each category. The potential of segetals is significantly lower than

that of the two other groups.

lib



J. APIC. 3CI. VOL b2 NO. 2 2018

500

melliferous potential (kg/ha)
w B
o o
o o

N
o
o

100

T
annual

56

biennial

T T
perennial

13 84

Fig. 4b. Life cycle and melliferous potential (MP). Medians are represented by the thick black lines. Numbers
in red indicate the number of values for each category. The potential of perennials is significantly higher

than that of the other two groups.

was fairly evenly distributed among all habitats
sampled (less so in segetals weed group). High
honey output was an important feature for
ruderal vegetation, especially for perennial and
ruderal. In this group, the most frequent and
abundant therophytes were Salvia pratense,
Salvia verticillata and Trifolium repens. With
regard to dominant species, the geophytes
Cirsium sp. is the most common melliferous
weed in cultivated areas. More generally in our
results, the most melliferous species were rep-
resented among the vegetable gardens and
crops but had limited potential compared to
those from ruderal areas and meadow habitats.
There were significant differences in the mellif-
erous potentials between annual and perennial
plant species. Indeed, the MP of perennials was
significantly higher than that of biennials and
annuals (F=2.306; Df =2, Df,=149; p<0.05; Fig.
4b). Perennials (55% of the studied species) are
widely present in weed communities.

The median MP for the main biological types
was as follows (in kg/ha): chamaephyte 237.0,
hemitherophyte 120.0, hemicryptophyte 75.5,
cryptophyte 63.0, therophyte 53.0. But hemic-
ryptophytes had the highest contribution for the
number of studied species (n=76, 47%), followed
by therophyte (n=54, 35%). The chamaephyte

trait was associated with a significant positive
effect of MP while there was a negative effect
for therophytes based on LME (153 observa-
tions, p<0.01). Prominent examples of chamae-
phytes are generally numerous in Mediterra-
nean dry ecosystems (e.qg. Thymus vulgaris or
Lavandula angustifolia).

Melliferous potential vs. flower features
Corolla colours were classified into the blue, pink,
violet, white (including a few green ones) and
yellow groups. Plant species with pink flower
corolla had significantly higher MPs (p<0.05).
The melliferous potential was also significantly
higher for species blooming in the summer than
in the spring (p<0.01).

DISCUSSION

Our values of melliferous potentials were
obtained in southern Romania under natural
conditions but vary depending on the environ-
mental and meteorological context. The quantity
of sugar produced in the flowers is totally a
plant trait that is expressed by the nectar
quantity (@amount per flower) and quality (sugar
concentration). The MP of a plant species in an
area at a given time thus depends on edaphic
(soil) and weather factors which determine the

lo]
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flower density and the nectar flow. Many of our
values are globally similar to those recorded
in the literature, but can differ slightly for
specific values. We undertook a comparative
study with MP values from sixty-five common
species obtained in Poland by Koftowski (2006).
His method was close to ours except for the
sampling method of the flowers, as he recorded
the nectar secretion dynamics of flowers over
their whole period of anthesis.

We concluded that our melliferous potentials
were lower in our survey by a mean value of -34
kg/ha (paired student ttest, df=64, p-value =
0.06). This difference can be explained by both
the environmental conditions and the sampling
method. Climatic conditions in southern Romania
are warmer than those in Poland. The average
of annual temperatures and rains for Bucuresti
(44° 25' N, 26° 06’ €) and Calarasi (44° 12
N, 27° 20' E) in Romania are 10.8°C / 598 mm
and 11.5°C / 499 mm, respectively, while those
in Lublin in Poland (51° 25" N, 21° 58" E) are
7.6°C/ 540 mm (https./fr.climate-gata.org). The
difference in the sampling method for individual
flowers was explained above. Unfortunately,
we found few information about the sampling
method of the flowers used in the fields in
other studies, but we know that the recent
ones aimed to get a representative distribution
of the flowering stages in a given field just in
the studies we used (lon, 2007; Baude, 2016).

Melliferous potential vs. botanical features

While only few species are significant for honey
production, honey plant distribution must be
studied for establishing apiaries as well as for a
sustainable management in diversified farming
habitats. Plants with a melliferous potential over
300 kg honey/ha should be called ‘honey plants’
because they are particularly suited for honey
production, and these include Phacelia tanaceti-
folia, Lavandula angustifolia, Asclepias syriaca,
Salvia officinalis, Melilotus albus (syn. Trigonella
alba), and Coriandrum sativum. Conversely,
others show a low potential (20 to 50 kg/ha) but
can still be important for beekeeping because
plants such as Brassica napus or Sinapis spp are
sometimes abundant and have a long blooming
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period. Among the species under study, those
in the Lamiaceae, Boraginaceae and Fabaceae
were ranked at a highest level, those in the
Apiaceae, Asteraceae and Cucurbitaceae at an
intermediate level, and those in such important
families as Brassicaceae at the lowest level.
Coriander is the most outstanding mellifer-
ous species in the Apiaceae, while others are
considered of occasional value, e.qg., Foeniculum
vulgare or Angelica archangelica. Some taxa
have been investigated for secretion biology,
e.qg. Angelica sylvestris, for which the floral
nectar production rates can differ between
sexual phases (Stpiczynska, Nepi, & Zych, 2015).
Therefore, the lack of studies on the mellifer-
ous potential of other species in the Apiaceae
is probably linked with their uniformity in their
floral appearance, and their ‘weak’ melliferous
potential probably hides a very large variability
(10 to 500 kg/ha).

The family Brassicaceae illustrates a particu-
larity as it shows a low potential in all genera
studied except for a single species in one
genera: A high value of 325 kg/ha was reported
for oilseed rape, while the melliferous potential
of other Brassica species reached only around
50 kg/ha. The crop varieties from past decades
gave rise to new genotypes of oilseed rape and
confirm the strong influence of genetic factor
on the melliferous potential.

Our results classify species in the Lamiaceae
family as having a high melliferous potential,
reinforced by a medium coefficient of variation
and could set this group among the best
candidates for honey crops. Among forty-three
studied species of Lamiaceae, Salvia, Mentha
and Stachysrepresent the largest genera. Salvia
is the genus with the highest honey potential
(over 600 kg/ha), while Mentha and Stachys
have medium values (around 200 kg/ha), and
other genera have low values (under 100 kg/
ha). This family includes ‘honey species’ with
very different biological types from xerophytes
(e.q. Salvia pratensis, Lavandula sp. Thymus
vulgaris), to hygrophytes (e.q. Mentha aquatica,
Mentha pulegium, Stachys palustris). Such a
large infra-generic variation was not found in
other families.



The Asteraceae species in our corpus generally
did not present a high MP value, except for
Echinops, Taraxacum, and Cirsium spp. However,
this group must be considered in any agro-en-
vironmental scheme due to its large diversity
of taxa and its status as the most important
source of honey in the world (Crane, 1975). With
a melliferous potential low and similar to that of
other Heliantheae representatives, sunflower
confirms that its honey potential results mainly
from the extent of its surface rather than by an
especially high level of nectar secretion.

The Fabaceae family includes a large number of
melliferous species used in bee-friendly farming
and their relationships with pollinators are tradi-
tionally well-known by farmers and beekeepers.
Two of them, Melilotus alba (syn. Trigonella alba)
and Trifolium repens belong to our ten best
honey plants, having a potential assessed at
up to 500 kg/ha. While not having a very high
potential (27 to 100 kg/ha), crops of the Cucur-
bitaceae have to be considered in an agronomic
system as a diversified source of nectar for
bees communities over the summer months.

Melliferous potential vs. ecological features

Two major results of our study are the higher
melliferous potential of perennial species on one
hand, and of ruderal species on the other. Many
plants belong to both and this effect was also
recently concluded in urban area for perennials
by Hicks et al. (2016), who suggested that they
may have a better capacity to use some water
resources to produce elaborated sap. We did not
find any other relationships between mellifer-
ous potential and ecological features, perhaps
because of discontinuous characterisation. The
extended growing season and a long duration
of flowering seem to be major attributes of
perennial and ruderal species in contrast to
annual and segetal species, adapted to grow
in crop habitats. Many ruderals are opportun-
istic and will bloom whenever it is warm and
wet enough, from April through September,
and even sometimes in the middle of autumn.
Ruderal species have been duly documented by
Denisow & Wrzesien (2015) to be able to flower
for a long period and to have a great adaptability
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to difficult environments unfit for other species.
The high melliferous potential of ruderals can
be of particular interest to gain honey yields,
and they could be used as elements of natural
landscapes to maintain the diversity of honey
bee diet in agricultural landscapes. Among them,
species such as Echium vulgare or Salviasp. could
be useful over important areas to increase plant
biodiversity in arable land, especially in regions
with dry and fragile conditions.

A lower melliferous potential of segetal species
was found within all botanical families analysed
in our study. Most of them are annual and grow
spontaneously in crops, with a life cycle adapted
tothatofthecrop. Theybloomatthesametimeas
crops and periodically are suppressed by agricul-
tural practices. Interactions are known between
segetals and crops for available resources,
and weed abundance can reduce crop yields
and induce conflict with farmers (Bretagnolle
& Gaba, 2015). In addition, these species have
evolved under the constraint of human activity.
Some segetals show a moderate potential
(100 to 200 kg honey/ha), e.q. Anchusa offici-
nalis, Cynoglossum officinale, Digitalis lanata,
Linaria vulgaris, Prunella vulgaris, Symphytum
officinale, Trifolium hybridum. Some species like
Sinapis arvensis (46 kg/ha) and Stachys annua
(132 kg /ha) also have short vegetation cycle or
early flowering induction and can therefore be
good candidates for intercropping.

Differences between annual and perennial
species in term of melliferous potential were
confirmed for species of the same genera, for
example Lamium. The yield of annual species
(Lamium amplexicaule and Lamium purpureurrr.
60 kg /ha for both) is lower than that of the
perennial one (Lamium album: 132 kg/ha)
and their benefit as a valuable resource for
bees was confirmed by Denisow & Wrzesien
(2015). Annual plants are more sensitive than
perennials to temperature conditions at the soil
surface, while perennials are probably better
able to use resources in deep soil and also
have strong roots which accumulate nutritional
reserves that enable them to develop a higher
floral potential (Grimau et al., 2014; Hicks et al,
2016). In addition, they exhibit such favourable
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phenotypic traits as extended growing season
and a long duration of flowering. According to
Wratten et al. (2012) who discussed the en-
hancement of the long-term pollinators’ fitness,
setting melliferous perennial and ruderal species
can improve resources for honey bees and the
ecosystem services that this enhanced biodiver-
sity can provide.

Melliferous potential vs. flowering features
Our study showed a seasonal effect on the mel-
liferous potential, it being significantly higher
for species blooming in the summer than those
flowering in the spring. We found that the con-
centrated period of blooming in the summer
is spread especially over the first half of the
summer and the majority of plant species that
are flowering in this period are excellent mel-
liferous species, such as Salvia verticillata, Salvia
pratensis, Stachys germanica, Stachys palustris,
Lavandula angustifolia, Trigonella alba, Melilotus
spp or Coriandrum sativum. This result is inter-
esting as the quantity of bee foragers is normally
higher in the summer and so the nectar available
may therefore be better collected. We can
conclude that setting up some summer plants
in the cropping landscape may be important to
improve nectar resources for bees.

The flower colour also seems to be associated
with the melliferous potential level, as the
species with white and yellow corollas appear
to have a lower melliferous potential than
the blue, violet and pink ones (e.g. Salvia,
Lavanadula, Phacelia, Stachys and most of Bor-
aginaceae). In addition, based on our corpus
of data, the melliferous species with certain
flower colours bloom at particular times of the
year. Arnold et al. (2009) also reported an as-
sociation between the months of flowering
and the colour of flowers when flowers were
considered according to human colour, but the
succession of flowering colours has been a con-
troversial topic. For example, Robertson (1924)
stated that greenish-yellow flower species tend
to bloom earlier in the year than those with
other colours, while McCann (1986) claimed that
spring flowers were most frequently white and
late summer flowers more likely to be yellow.
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Warren & Billington (2005) concluded that there
is a significant interaction between the flower
colour and the month of flowering, and that
yellow, white, and pink/purple flowers are most
abundant in early summer, while blue flowers are
more or less constant in abundance throughout
the flowering season (Arnold et al., 2009). Our
data also confirm that plants with pink coloured
corollas (found as better nectar producers)
appear later in the season than the white and
yellow ones, and consequently better honey
producers. On the other hand, some authors did
not consider that the bees had a preference for
the coloured flowers, as Harborne (1982) who
wrote that the bees preferred yellow and blue
flowers. We also observed the colour distribu-
tion within the habitat feature classes, showing
more white plants in ruderals and yellow plants
in segetals, but these trends were not signifi-
cant.

We conclude that our results showed some
great possible choices in melliferous cropping
to improve the diet diversity for honey bees,
which is necessary for colony sustainability. The
most productive are non-native plants such as
Asclepias or Phacelia. The invasive potential of
these plants is related to the good functioning or
not of the ecosystem services of the considered
territory in addition to farming practices (e.q.
with or without crop rotation). It will therefore
be prudent not to advise the implementation of
such taxa under any environmental conditions.
In addition, our study also shows the limits of
use of the melliferous potential assessments.
In particular, such crop plants as sunflowers
succeed in providing some large honey vyields
to beekeepers thanks to their widespread avail-
ability rather than because of their superior
MP. Odoux et al. (2012) and Requier et al
(2015) have focussed on the spatio-temporal
variations for the resources available to honey
bee colonies in a cereal system, and our results
provide data on a wide range of plants available
to install in this context. However, according to
our results unless they are set up in large areas,
annual and segetal species appear here as
secondary candidates for bee-friendly cropping
systems. Also, it is useful to remember that



the interest of flower planting is not limited to
nectar since pollen supply is also essential for
bee sustainability. Indeed, Alaux et al. (2017)
provided evidence that pollen diet diversity
benefits honey bee health through late summer
flowering intercrops.

This paper based on 153 herbaceous plants
highlights some general trends carried out in
the same zone in Europe in spite of a certain
long-term review from many various works.
High melliferous potential was clearly detected
for some botanical species, but the major results
are shown for the ruderals and perennials which
confirm their best sugar producer position. The
colourful corolla flowers stand out as later and
higher producers. Many of the top melliferous
species are common and good candidates to
be cropped in agricultural fields as associated
crop, intercrop or fallow. A long-term survey
on all these melliferous data was an oppor-
tunity allowed by a very large homogeneous
dataset that had rarely ben synthetized to our
knowledge. This work thus provides or reinforces
knowledge on the melliferous potential of many
plant species. It is hoped that our results provide
some solutions for agronomic innovation, crop
diversification, and honey production.

ACKNOWLEDGEMENTS

We wouldlike to thank allauthors who had carried
out these surveys from which the results were
not spread. We thank Grigore Fota and Razvan
Coman from ICDA Bucharest for their technical
support. Many thanks to ICDA Bucharest and
ACA Romania, for supporting continuously the
investigations on nectar secretion over such a
long period as well as the INRA Département
Santé des Plantes et Environnement and the
French Embassy in Romania, especially to G.
Datcharry and P. Schwartz for financial support
for exchanges.

REFERENCES

Alaux, C, Allier, F, Decourtye, A, Odoux, |.F, Tamic, T,
Chabirand, M, .. Henry, M. (2017). A ‘Landscape phys-
iology" approach for assessing bee health highlights
the benefits of floral landscape enrichment and

J. APIC. 3CI. VOL b2 NO. 2 2018

semi-natural habitats. Scientific Reports, /7 40568.
DOl 10.1038/srep40568

Arnold, SEJ, Le Comber, SC, & Chittka, L. (2009).
Flower color phenology in European grassland and
woodland habitats, through the eyes of pollinators.
Israel Journal of Plant Sciences, 5/3), 211-230. doi:
10.1560/ijps.573.211

Basa, A.G, Roman, GV, lon, V, Epure, LI, Toader, M.
(2008). Studies regarding production and use of
organic medicinal and spice plants. Gulletin USAMV,
Agriculture, 65(1), pISSN 1843-5246; elSSN 1843-
5386.

Baude, M, Kunin, W.E, Boatman, N.D, Conyers, S,
Davies, N,, Gillespie, MAK, & Memmott, |. (2016).
Historical nectar assessment reveals the fall and
rise of floral resources in Britain. Nature, 530(7588),
85-88. DOI: 10.1038/naturel6532

Bretagnolle, V, & Gaba, S. (2015). Weeds for bees?
A review. Agronomy for Sustainable Development,
F5(3), 891-909. DOI: 10.1007/513583-015-0302-5

Carvalheiro, LG, Veldtman, R, Shenkute, AG,, Tesfay,
G.B, Pirk, CWW, Donaldson, J. S, Nicolson, SW. (2011).
Natural and within-farmland biodiversity enhances
crop productivity. [Letter]. Ecology Letters, 14(3),
251-259, D0 10.1111/11461-0248.201001579.x

Crane, E (19/5). Potential honey vields of 200
plants. In E. Crane (Ed), Honey - A comprehensive
survey (Vol. The flowers honey come from, pp. 47/-
/6). London: Heinemann.

Davis, AR. (2001). Searching and breeding for struc
tural features of flowers correlated with high nec
tar-carbohydrate production. In P Benedek & KW.
Richards (Eds.), Proceedings of the Eight Internation-
al Pollination Symposium Pollination: Integrator of
Crops and Native Plant Systems (pp. 107-121). Leu-
ven 1. International Society Horticultural Science.

de Wilmars, AM, Bruneau, E, & Evrard, M. (Eds.).
(1989). Planting guide for growing flowers for hon-
ey bees,



JONET L.

Decourtye, A, Alaux, C, Odoux, J.F, Henry, M, Vais-
siere, B, Le Conte, Y. (2011). Why Enhancement of
Floral Resources in Agro-Ecosystems Benefit Hon-
eybees and Beekeepers? In InTech (Ed.), Ecosystems
Biodiversity.

Denisow, B, & Wrzesien, M. (2015). The importance
of field-margin location for maintenance of food
niches for pollinators. [Article]. Journal of Apicultural
Science, 591), 2/7-37.D0I: 10.1515/jas-2015-0002

Frank, |, & Kurnik, E. (1970). Investigations on nectar
content of domestic and Soviet sunflower varieties.
Delkeletdunantuli Mezogazdasagi Kiserleti Intezet
Kozlemenyei (Takarmanybazis), 702), 65-68.

Gaba, S, Perronne, R, Fried, G, Gardarin, A,
Bretagnolle, F, Biju-Duval, L., .. Reboud, X. (2017).
Response and effect traits of arable weeds in agro-
ecosystems: a review of current knowledge. [Re-
view). Weed Research, 5/3), 123-14/. DOl 101111/
wre 12245

Grimau, L, Gémez, M, Figueroa, R, Pizarro, R, Nufez,
G, Montenegro, G. (2014). The importance of weeds
as melliferous flora in central Chile. Ciencia e inves-
tigacion agraria, 413), 21-22. DOl 104067/s0718-
16202014000300011

Harborne, ). (1982). Introduction to ecological bio-
chemistry. London: Academic Press.

Hevia, V., Bosch, |, Azcarate, EM, Fernandez, E,
Rodrigo, A, Barril-Graells, H, Gonzalez, |. A. (2016).
Bee diversity and abundance in a livestock drove
road and its impact on pollination and seed set in
adjacent sunflower fields. Agriculture Ecosystems
& Envionment, 232, 336-344. DOl 101016/,
agee.2016.08.021

Hicks, DM, Ouvrard, P, Baldock, KC, Baude, M, God-
dard, MA., Kunin, W.E, & Nikolitsi, M. (2016). Food for
Pollinators: Quantifying the Nectar and Pollen Re-
sources of Urban Flower Meadows. PLos ONE, 11(6),
e0158117.

Holzschuh, A, Steffan-Dewenter, |, Kleijn, D, &
Tscharntke, T. (2007). Diversity of flower-visiting

Ibd

Melliferous potential of weedy plants

bees in cereal fields: effects of farming system,
landscape composition and regional context. journal
of Applied Ecology, 44(1), 41-43, DOI: 10.1111/.1365-
2664.2006.01259.x

lon, N,, & lon, V. (2007). Melliferous charactheristics
of spontaneous Lamiaceae species, identified in the
danube valley Lucrari stiintifice Zootehnie si Bioteh-
nologii (\Vol. 40, pp. 6). Timisoara: ICDA.

lon, N, lon, V, Coman, R, & Basa, A. G. (2012). Studies
concerning nectar secretion at rapeseed (Brassica
napus L. ssp. oleifera D.C.). Scientific Fapers. Series
A. Agronomy, Vol. LV-2012.

Jabtoniski, B, & Szklanowska, K. (1979). An improved
method of investigating the nectar secretion of
plants Propozycje zmiany metody badan nektarow-
aniaroslin. Pszczelnicze Zeszyty Naukowe, 23, 105-
114,

Jabtoriski, B. (2002). Notes on the method to investi-
gate nectar secretion rate in flowers. Journal of Api-
cultural Science, 46(2), 117-124.

Jabtoniski, B, & Kottowski, Z. (2002). Nectar secretion
and honey potential of honey plants growing under
Poland's conditions part Xlll. Journal of Apicultural
Science 46(1), 25-30.

Janssens, X, Bruneau, E, & Lebrun, P. (2006). Prévi-
siondes potentialités de production de miel al'échelle
d'un rucher au moyen d'un systeme dinformation
géographique. [Prediction of the potential honey
production at the apiary scale using a Geographical
Information System (GIS).]. Apidologie 3/ 351-365.
DOI: 10.1051/3pido:.2006006

Jaric, S, Macukanovicocic, M, Mitrovic, M., & Pavlovic,
P. (2013). The Melliferous Potential of Forest and
Meadow Plant Communities on Mount Tara (Serbia).
Environmental Entomology, 424), 724-/32. DOl
10.1603/en13031

Koftowski, Z. (2006). Honey potential of plants
growing under Polands condition elaborated and
published by Kottowski in 2006 (pp. 328): Research
Institute of Pomology and Floriculture,



Lundin, O, Ward, KL, Artz, DR, Boyle, NK, Pitts-
Singer, TL., Williams, N.M. (2017). Wildflower Plant-
ings Do Not Compete With Neighboring Almond
Orchards for Pollinator Visits. Environmental Ento-
mology, 46(3), 559-564. DOI: 10.1083/ee/nvx052

Nedic, N., Macukanovic-Joci¢, M, Ranci¢, D, Rrgslett,
B, Sostardi, |, Stevanovi¢, Z.D, Miadenovi¢, M. (2013)
Melliferous potential of Brassica napus L. subsp na-
pus (Cruciferae). Arthropod-Plant Interactions, /(3),
323-333.D0L: 10.1007/511829-013-8247-2

Odouy, J. F, Feuillet, D, Aupinel, P, Loublier, Y., Tasel,
J. N, Mateescu, C. (2012). Territorial biodiversity and
consequences on physico-chemical characteristics
of pollen collected by honey bee colonies. Apidolo-
gie, 435),561-575,D0I: 10.100//s13592-012-0125-
]

Pham- Delegue, M. H, Fonta, C, Masson, C,, & Dou-
ault, P (1985). Etude comparée du comportement
de butinage dinsectes polllinisateurs (abeilles do-
mestiques Apis mellitera L. et bourdons Bombus
terrestris L) sur les lignées parentales d’hybrides de
tournesol Helianthus annuus. Acta Oecologica - Oe-
cologia Applicata, 6(1),47-67

Pierre, |, Mesquida, |, Marilleau, R, Pham-Delegue,
M.H., Renard, M. (1999). Nectar secretion in winter
oilseed rape, Brassica napus - quantitative and qual-
itative variability among /1 genotypes. Plant Breed-
ing, 118b),4/1-4/6.

R-Development-Core-Team. (2016). R a language
and environment for statistical computing, R Foun-
dation for Statistical Computing. Vienna, Austria Re-
trieved from http:./www.R-project.org

Radhika, V., Kost, C, Mithoefer, A, & Boland, W.
(2010). Regulation of extrafloral nectar secretion
by jasmonates in lima bean is light dependent. [Re-
search Support, Non-U.S. Gov't]. Proceedings of the
National Academny of Sciences of the United States
of America, 10/40), 17228-17233. DOl 101073/
pnas.100800710/

Requier, F, Odouy, |-F, Tamic, T, Moreau, N., Henry,

J. APIC. 3CI. VOL b2 NO. 2 2018

M. Decourtye, A, Bretagnolle, V. (2015). Honey bee
diet in intensive farmland habitats reveals an unex-
pectedly high flower richness and a major role of
weeds. Ecological Applications, 254), 881-890. DO
10.1880/14-1011.1

Ricciardelli d'Albore, G, & Intoppa, F (1978). The hon-
ey-vielding potential of some weeds and cultivat-
ed plants. [Sul potenziale mellifero di alcune piante
spontanee e coltivate]. Annali dellIstituto Sperimen-
tale per la Zoologia Agraria, 6, 101-117.

Rollin, O, Bretagnolle, V., Decourtye, A, Aptel, |,
Michel, N,, Vaissiere, B. E, Henry, M. (2013). Differenc
es of floral resource use between honey bees and
wild bees in an intensive farming system. Agricul-
ture Ecosystems & Environment, 1/9, 78-86. DO
10.1016/j.agee.2013.07007

Stpiczynska, M, Nepi, M, & Zych, M. (2015). Nectaries
and male-biased nectar production in protandrous
flowers of a perennial umbellifer Angelica sylves-
tris L. (Apiaceae). Plant Systematics and Evolution,
3014), 1099-1113, DOI: 10.1007/s00606-014-115¢-
3

Sutter, L, Jeanneret, P, Bartual, AM, Bocci, G., Albre-
cht, M. (2017/). Enhancing plant diversity in agricul-
tural landscapes promotes both rare bees and domi-
nant crop-pollinating bees through complementary
increase in key floral resources. Journal of Applied
Ecology, 54(6), 1856-1864. DOl 101111/1365-
266412907

\aissiere, B, Freitas, BM, & Gemmill-Herren, B.(2011).
Protocol to detect and assess pollination deficits in
crops: a handbook for its use. (pp. 81) FAQ, Rome,
Iltaly. (http:.// www.fao.org/3/a-1536/7e.pdf).

Williams, [H. (2002). Insect pollination and crop pro-
duction: a European perspective. Brasilia P Kevan,
VL. Imperatriz Fonseca (Eds.).

Wratten, S.D, Gillespie, M., Decourtye, A, Mader, E,
Desneux, N. (2012). Pollinator habitat enhancement:
Benefits to other ecosystem services. Agriculture,
Ecosystems & Environment, 159 112-122. DOl
10.1016/j.agee.2012.06.020



|ON £T AL Melliferous potential of weedy plants

ANNEX 1 (SEE SM ON LINE)

Corpus of references for building the data set.

Ref. num Original reference

1 Anghel Gheorghe, 1956. Ceara albinei. Revista Apicultura

2 Baculinschi Hermina, 1960. Cercetari privind valoarea melifera a principalelor
plante spontane si cultivate din zona de stepa. Lucrari Stiintifice, vol. 2, Editura
Agro-Silvica, Bucuresti.

3 Bistriceanu C. si Nicolaide N., 1957. Sparceta, o importanta planta de nutret si
melifera. Revista Apicultura.

4 Capitanescu Eugenia, 1957. Valoarea melifera a plantelor furajere. Revista
Apicultura.

5 Cirnu lon, 1964 (a). Plante melifere oleaginoase. Revista Apicultura.

6 Cirnu lon, 1964 (b). Cateva plante medicinale melifere. Revista Apicultura. .

7 Cirnu lon, 1965 (). Valoarea melifera a plantelor melifere erbacee. Revista
Apicultura.

8 Cirnu lon, 1965 (b). Sulfina, o valoroasa planta melifera. Revista Apicutura..

9 Cirnu lon, 1967. Cercetari privind valoarea nectaro-polenifera a dovieacului
(Cucurbita sp.). Anale ICDA, Vol. 8, Editura Revistelor Agricole Bucuresti.

10 Cirnu ., Tone E., Coteanu 0., 1967. Dinamica secretiei de nectar la dovleacul alb.
Revista Apicultura.

11 Cirnu I, Harnaj A., Fota Gr., Grosu €., 1979. Criterii si elemente noi de clasificare
sl apreciere a ponderii economico-apicole a plantelor melifere. Anale ICDA, vol.
1, Redactia Publicatiilor Apicole, Bucuresti.

12 Cirnu lon, 1980. Flora melifera. Editura Ceres, Bucuresti.

13 Cirnu lon, Roman Gh. V., Roman Ana Maria, 1982. Sporirea productiei vegetale
prin polenizare cu ajutorul albinelor. Editura CERES, Bucuresti.

14 Copaitici Mihai, 1955. Su/fina. Revista Apicultura.

15 Foti Nicolae, 1949. Facelia. Revista Apicultura.

16 lon Nicoleta, Roman Gh. V., Fota Gr. lon V., Roman A., M. Caramihai, Antonescu
C., 2002. Evolutia in timp a indicelui glucid la floarea-soarelui in functie de
sortimentul de hibirzi si factorii climatici. Simpozionul National de Istorie si
Retrologie Agrara. Editia XX, Slobozia.

17 lon Nicoleta, lon V., Alina Butu, 2007. Evaluation of the melliferous potential of
the species belonging to the Lamiaceae family indentified and studied in the
bioapiculture area Danube valley. Romanian Biological Sciences, vol. 5.

18 lon Nicoleta, Roman Gh. V., lon V., Epure L., Toader M., Basa Gh., 2008. Specii de
plante medicinale si aromatice melifere. Editura ALPHA MDN.

19 lon Nicoleta, Viorel lon, Razvan Coman, Adrian Basa, 2012. Studies concerning
nectar secretion at rapeseed (Brassica napus L. ssp. oleifera DC). Scientific
Papers. Series A. Agronomy, Vol. LV

20 lon Nicoleta, 2012. Flori melifere pentru loturi apicole. Revista Lumea Apicola.

21 lon Nicoleta, 2013. Chemarea florilor salbatice. Revista Lumea Apicola.

22 lon Nicoleta, 2014. Salvia, o planta miraculoasa cautata de albine. Revista
Lumea Apicola.

23 Jula F, lllyes Gh., Parvu E., Constantinescu E., Musat D., 1963. Cercetari privind

cantitatea si calitatea nectarului la unele plante melifere din jurul orasului
Cluj. Insitutul Agronomic Cluj, Lucrari Stiintifice, vol. XIX, Editura Agro-Silvica,
Bucuresti
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Manisor Maria, Hociota Elena, 1978. Baza melifera. Manual pentru licee agroin-
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