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ABSTRACT
Fruit cultivation is one of the main economic sectors in South Tyrol (Italy) with one of the
largest fruit production areas in the EU. In some parts of South Tyrol, more than 75%
of the agricultural land is used for the cultivation of fruit trees, such as apples (Malus
domestica). Almost 3500 beekeepers are managing 38 000 honey bee colonies, mainly
in the valleys between 200 and 600 m a.s.l.. In this article, we aim to elucidate to what
extent these fruit tree areas are visited and used by honey bees, especially outside
the apple tree blossom period. We investigated the importance of apple orchards for
the supply of pollen to honey bees during a period of five years (2016-2020), using
palynological analyses of honey bee pollen pellets combined with vegetation surveys
inside apple orchards. The results clearly indicate that the local apple orchards were
the major pollen source for honey bees during the four weeks of apple tree blossom.
However, in the weeks before the beginning of the apple blossom, and in the six weeks
after, the apple orchards played a minor role in the supply of pollen to honey bees.
Throughout the seasons investigated, flowers of a wide range of entomophilous and
anemophilous plant species were the main sources of pollen. Broadleaved trees and
shrubs contributed major parts of the pollen supply,whereas herbaceous plants, such
as Veronica sp., Plantago lanceolata and Verbascum sp. were frequented far less by
the honey bees. This suggests, that the honey bees may prefer pollen sources that
provide large quantities of pollen, even though their flowers may not always produce
nectar.
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Tab. 1: Coordinates and altitude of the locations of the beehives used in this study.

Abbreviation Location Coordinates Altitude

DT Dorf Tirol N 46.674671°, E 11.165658° 460 m

LN1 Lana (2016-2019) N 46.619248°, E 11.144114° 310 m

LN2 Lana (2020) N 46.626026°, E 11.165850° 280 m

RB Rabland N 46.674004°, E 11.054841° 560 m

INTRODUCTION

The European honey bee (Apis mel-
lifera) is the most commonly ex-
ploited insect species for crop polli-
nation worldwide, except in Antarc-
tica [1] [2] [3] [4] [5] [6]. Honey
bees are generalists and pollinate a
broad range of plant species, from
trees and shrubs to herbs [7]. Ac-
cording to Ollerton et al. [8], approx-
imately 87.5% of the angiosperms
are pollinated by animals. Even
though lots of crop species do not
need pollinators to produce fruits
or seeds, McGregor [4] estimated
that around one-third of the human
plant diet needs insect pollination.
Apart from the fact that this ecosys-
tem service increases yield quantity,
there are several studies showing
that the quality of the yield is also
improved [9] [10] [11]. According to
Gallai et al. [12], the economic value
of crop pollination by insects corre-
sponded to 14.2 x C 109 within the
European Union (EU-25) in 2005.
Apple trees (Malus domestica) are
one of the main crops to depend
heavily on insect pollinators [13].

According to the South Tyrolean
Agriculture and Forestry report [14],
after Poland, Italy was the second
largest apple producing country
(2.2 x 106 t) in the EU in 2019. Al-
most half of all apples produced in
Italy were cultivated in the province
of South Tyrol, representing the
biggest contiguous apple tree culti-
vation area in the EU with 18 333 ha
[14] [15]. In South Tyrol there are al-
most 3500 beekeepers, taking care
of 38 000 honey bee colonies, all of
which are potential pollinators of ap-
ple orchards [14]. In some parts of
this region, the apple orchards take
up more than 75% of the agricul-
tural land in the valleys [14]. During

the main apple tree blossom period
in spring, many beekeepers place
their hives in or near apple orchards,
as the flowers of apple trees are an
excellent source of pollen and nec-
tar for honey bees [16]. Although
honey bees can fly several kilome-
tres to a fodder resource, they of-
ten prefer to forage in the vicinity
of their hives [17]. Therefore, it is
likely that in the main apple cultiva-
tion areas the orchards’ function as
a floral resource is not just limited
to the apple tree blossom but lasts
for the vegetation period before and
afterwards. Geier et al. [18] in-
vestigated the impact of understory
management in apple cultivation on
potential pollen sources for honey
bees in the understory of apple or-
chards and according to Granata et
al. [19], the management of the un-
derstory strongly affects the abun-
dance of flower visiting insects in
apple orchards. Russo and Dan-
forth [20] studied the pollen prefer-
ences of different bee species visit-
ing apple orchards of Malus pumila
in New York (USA), but their inves-
tigations were limited solely to the
apple tree blossom period of a few
weeks in spring. Another study con-
ducted in South Tyrol and nearby
Trentino investigated the botanical
origin of pesticide residues in pollen
pellets collected by honey bees dur-
ing and two weeks after the apple
tree blossom period, but not for the
beginning of the vegetation period
[21]. Mair and Wolf investigated
the development of honey bee pop-
ulations in South Tyrol [22] and ex-
amined corbicular pollen loads of
these honey bee colonies for pesti-
cide residues and their botanical ori-
gin [23]. However, they did not pro-
vide any information on the abun-
dance of these pollen sources in

apple orchards. Therefore, overall,
there is only a small amount of data
available regarding the importance
of apple orchards for honey bees
outside the main apple tree blossom
period.

This study aims to investigate the
botanical origin and amounts of
pollen gathered by honey bees in
four localities around the town of
Meran in South Tyrol between 2016
and 2020. We hypothesised that
honey bees also visit apple or-
chards before and after the blossom
period to gather pollen from plant
species growing in the understory,
due to a lack of pollen resources in
the surrounding vegetation. There-
fore, we compared the botanical ori-
gin of the corbicular pollen loads col-
lected with survey data about the
understory vegetation in apple or-
chards in order to understand the
importance of apple orchards as flo-
ral resources and pollen fodder for
honey bees from the beginning of
the vegetation period in March until
the end of June.

METHODS

DATA AQUISITION

Palynological data on the botanical
origin and amount of pollen gath-
ered by honey bees were compiled
for the years 2016-2020, whereas
vegetation surveys were only con-
ducted in 2017, 2019 and 2020
[18] [24]. Since several people
were involved in gathering the data,
such as the palynological analyses
and vegetation surveys, there were
minor differences in the methods
utilised and the level of taxonomic
determination for pollen types and
plant species. For this reason, the
higher plant taxonomic levels were
used for all data elaboration if differ-
ent taxonomic levels were recorded.

STUDY SITES

The study presented here was con-
ducted in the main apple cultivation
area of the province of South Tyrol,
Italy (Fig. 1; Tab. 1) near three
villages around the town of Meran:
Dorf Tirol (460 m a.s.l.), Lana (280-
310 m a.s.l.) and Rabland (560 m
a.s.l.). The study sites were very
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Fig. 1: A. Map showing the research area of South Tyrol in Italy, and B. map of the fruit cultivation area with land percentages
used for fruit tree orchards (including the abbreviations of our research locations), and C. landscape context of the three re-
search locations around the town of Meran. Abbreviations: DT = Dorf Tirol; LN = Lana; RB = Rabland (source: QGIS.org,
2021).

close to apple orchards but differ by
nearly 300 m in their altitude, there-
fore also differing in the blossom-
ing time of the apple trees and the
understory plant species. Further-
more, there were also differences
in the surrounding vegetation out-
side the apple orchards in the study.
At each location, a) two honey bee
colonies of the taxon Apis mellif-
era ssp. carnica were installed for
pollen pellet sampling, and b) ten
apple orchards, each close to these
beehives, were selected for the de-
tailed vegetation surveys. In 2020,
the location of the beehives in Lana
had to be changed because of al-
tered management plans, and the
beehives were positioned about 1.8
km northeast of the previous site
at an apiary with very similar con-
ditions (Fig. 1, LN1 and LN2).
However, the apple orchards used
for the vegetation surveys were the
same as during the previous years
(2017, 2019).

VEGETATION SURVEY

The vegetation surveys were con-
ducted in ten apple orchards per
study site in the years 2017, 2019
and 2020 [18] [24] and focused
on dicotyledonous angiosperms in
the understory vegetation. The or-
chards investigated were the same
for all of the years, except for the
two sites at Rabland and one at
Lana. These three orchards had
to be replaced because of changed
management plans, i.e. they were
cleared and newly planted with ap-
ple trees in spring 2019. Therefore,
an exact comparison of the vegeta-
tion understory of the orchards was
only possible for the years 2019 and
2020.

Once a week, a set of different pa-
rameters was recorded in the field
for each orchard: ground cover,
height of the according vegetation,
mowing events, generative status
of apple trees, as well as the per-
centage of the vegetative cover and
the flowering status of plant species
in the understory. To ensure that

the area examined was the same
every week, a concrete pillar was
marked. Then, a 2 m long folding
rule was placed next to a pile to de-
fine the length of the sampling area;
the width was defined by the adja-
cent rows of apple trees. The plant
cover of the understory was quan-
titatively recorded using the cover-
abundance scale defined by Braun-
Blanquet [25], and additionally, infor-
mation was recorded about whether
a plant species had open flowers or
not.

The method used for the vegetation
survey in 2017 was similar, with a
few minor differences: the length
of the sampling area was 1.5 m,
the plant cover was estimated only
for flowering species, and the pres-
ence of non-flowering plants was
just noted.

The values for the number of or-
chards were calculated as means
over the three years 2017, 2019 and
2020, considering the data from all
the investigated apple orchards in
the three locations. However, the
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Fig. 2: Average number of apple orchards with the listed plant species flowering at a given week within the three investigated
years (2017, 2019 and 2020) in the research area of South Tyrol, Italy. The red colour corresponds to a plant species flowering
in almost all orchards, the white colour indicates that the plant species was not flowering in any of the orchards during the
investigated seasons from March to June.

data were calibrated using the day
of the beginning of the apple tree
blossom period each year as a ref-
erence point (“day 0”), in order to
minimise the impact of the variance
in phenology of the different yearly
seasons, caused by abiotic factors
such as climate.

PALYNOLOGY

Sampling of pollen pellets

Self-made, front-mounted external
pollen traps were installed in front of
the beehives to harvest the pollen
pellets collected by honey bees
from March to June. The traps were
activated once a week in the morn-
ing, with favourable weather con-
ditions for honey bees (no rain or
heavy winds), and deactivated/emp-
tied after 24 hours. Thereafter,
the collected pollen pellets were
stored at -25 °C. At least one sam-

ple was available per week and lo-
cation and subsequently analysed;
however, for few weeks no samples
were available at all - especially in
2016 and 2018.

Palynological analyses

The palynological analyses were
performed partially in the Biological
Laboratory of the Environment Pro-
tection Agency in Bolzano, and par-
tially at Laimburg Research Centre
(both in South Tyrol). The labo-
ratories used different methods to
prepare the slides and quantify the
pollen types.

A) Biological Laboratory of the
Environment Protection Agency in
Bolzano (Bolzano, Italy):

A subsample of 1 g of pollen was
taken and diluted with 30 mL of Milli-
Q water and then agitated at 100
rps for 30 min. 1 mL of the solu-

tion was further diluted in 6 mL of
Milli-Q water and again agitated at
100 rps for 30 min. Two drops of
60 mL were placed separately on a
microscope slide. After drying, one
drop of glycerine jelly with fuchsine
(Lanzoni S.r.l) was placed over each
pollen sediment and covered with a
thin glass sheet. Afterwards 1000
grains (500 + 500) of pollen were
counted for each slide. The percent-
ages of grains belonging to the dif-
ferent pollen types were used to in-
dicate the composition of the sam-
ple.

B) Laimburg Research Centre (Ora,
Italy):

A subsample of 0.5 g was taken
from a sample. Each pellet was
then placed on a slide and mixed
with some drops of soapsuds. Af-
ter all the water evaporated from the
slides, the mounting medium (“gel-
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Fig. 3: survey sampling area inside an apple orchard in Lana. Both pictures show the same sampling area, but in different
times of the season. a) 10.4.2020 during the apple tree blossom, b) 8.5.2020 after the apple tree blossom.
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vatol”, consisting of polyvinyl alco-
hol, A. dest. and glycerol) contain-
ing basic fuchsine was added. Ev-
ery slide was analysed under the
microscope to determine the pollen
type of the pellet used. The num-
bers of pollen pellets per pollen type
were then used to calculate the per-
centage of the sample.

C) Determination of pollen grains:

The determination of the pollen
grains was performed using a light
microscope (Olympus BX50 or Lei-
ca DM2500 LED), analysing dif-
ferent morphological traits of the
pollen grains (shape, size, aper-
tures, surface etc.). Generally, 400X
magnification was used, however,
in some cases 1000X magnifica-
tion with oil immersion and some-
times phase-contrast was neces-
sary to identify the pollen types. In
addition to palynological determina-

tion literature [26] [27] [28] and on-
line databases [29] [30] [31] [32],
the scientists’ own pollen reference
slide collection (located at Laimburg
Research Centre) of plant species
characteristic to South Tyrol was
used. The level of taxonomic de-
termination varies between differ-
ent plant species; for some pollen,
the determinable level by light mi-
croscopy is limited to the family
level, for others it is possible to
identify the plant genus or species
[33]. In a few cases, no final palyno-
logical determination was possible.
The figure showing the main pollen
sources (see below) was created
using Tilia software [34]. All other
graphics were created with RStudio
[35].

The pollen values determined were
also calculated as means over all in-
vestigated years (2016-2020) for all

beehives investigated in all four lo-
cations. Here again, the data were
calibrated using the day of the be-
ginning of the apple tree blossom
period in every year as a reference
point (“day 0”).

RESULTS

FLOWERING PLANT SPECIES IN
THE UNDERSTORY

One of the main goals of this
study was to identify the plant
species growing in the understory
in apple orchards that honey bees
could use as a source of fod-
der. Figure 2 shows the num-
ber of apple orchards in which
the observed plant species were
flowering in a given week for the
period from March to June be-
fore/after the apple tree blossom pe-
riod. It is evident that most plant

Fig. 4: Boxplot representing the vegetative ground cover of plant species found in the understory of apple orchards within two
of the investigated years (2019, 2020) in the research area in South Tyrol, Italy. The total number of plant species per orchard
is shown on the left, followed by how many of them reached the different plant coverage classes of >5, 15, 25, and 50% (as
defined by Braun-Blanquet 1964 [25]). The bold line shows the according median for each coverage class, the box represents
the 75th and 25th percentile, and the whiskers indicate the minima/maxima. Circles define outliers.
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species flowered in a specific time
range and mostly just in a few or-
chards. However, eight species/-
genera (Cardamine hirsuta, Veron-
ica sp., Stellaria media, Taraxacum
officinale agg., Glechoma hed-
eracea, Capsella bursa-pastoris,
Senecio vulgare and Lamium al-
bum) flowered consistently in sev-
eral apple orchards over the years
studied (Fig. 2). Only Taraxacum
officinale agg. flowered in most
orchards at the same time during
its main blossoming period and this
overlapped with the apple tree blos-
som for several weeks (Fig. 2).
Compared to this dandelion, all of
the other plants mentioned above
flowered only in a limited number
of apple orchards, even though they
flowered during the whole observa-
tion period. However, outside of the
apple blossom period, there were
always several flowering species
present in some of the orchards
(Fig. 2, Fig. 3).

Figure 4 summarises the number of
species per apple orchard reaching
the different cover classes accord-
ing to the cover-abundance scale
by Braun-Blanquet [25]. On aver-
age, only 0.88 species per orchard
reached a cover of more than 5%
at least once. This number de-
creased drastically for higher cover
classes, with only 0.47 taxa, which
corresponds to about one species
in two orchards, reaching a cover
of at least 15%; the number of
plant species per orchard reach-
ing a cover of 25% was 0.12, and
only 0.05 species, corresponding to
one species in 20 orchards, covered
more than 50% of the investigated
area.

However, the overall understory
was generally higher, as grasses,
which were not included in the vege-
tation surveys of this study, covered
most of the ground between the
rows of apple trees. In the research
sites in Dorf Tirol and Lana, the
ground cover was over 70% on half
of the observed research fields, with
Lana showing a slightly higher varia-
tion. The apple orchards in Rabland
had more than 80% ground cover
during 50% of the observations, and
at this location too, the variation was

high. The total of our locations had
a median of 70% ground cover, be-
ing 60% or more on three quarters
of the observation fields.

PALYNOLOGY

Overall, 158 different pollen types
were identified by analysing 177 dif-
ferent honey bee pollen pellet sam-
ples collected between 2016 and
2020. The 32 main pollen taxa
and plant resources are illustrated
in Figure 5. Only pollen types that
exceeded the threshold of 10% in
a pollen pellet at least once were
considered as main pollen sources.
Again, the data was calibrated, us-
ing the day of the beginning of
the apple tree blossom period each
year as a reference point. Figure 5
represents the majority of the pollen
collected, since the graph “other
species” does not exceed 20% in
most cases. It is clearly evident
that the main sources of pollen are
the flowers of trees and shrubs.
Only four of the main pollen sources
are herbaceous plants: Veronica
sp., Plantago lanceolata, Verbas-
cum sp. and Knautia sp.. In some
cases it was not possible to deter-
mine the pollen type. Figure 5 also
shows the seasonal progress of
the pollen types collected by honey
bees. Some pollen were almost al-
ways only collected at the beginning
of the season (Populus sp., Parro-
tia sp., Acer negundo, Veronica sp.),
whereas others were not collected
earlier than 40 days after the apple
trees began to blossom (Castanea
sativa, Verbascum sp.). The pollen
type reaching the highest percent-
age was that of Acer negundo, with
a maximum of almost 77%, closely
followed by Malus-type, with a max-
imum of 76%. Interestingly, the
honey bees even collected pollen
from flowers of anemophilous trees
(Populus sp., Parrotia sp., Acer
negundo, Pinus sp., Quercus ilex,
Quercus-type). Finally, most pollen
types were collected over several
weeks, with some exceptions (Par-
rotia sp., Verbascum sp.).

In addition to the graphs of the main
32 pollen types, Figure 5 shows
the proportion between pollen col-
lected outside apple orchards, and

pollen potentially collected inside
apple orchards. It is evident that
at the beginning of the plant flow-
ering season in March, most of
the pollen was collected outside the
apple plantations. With the start
of the apple tree blossom period
(April), the percentage of pollen pos-
sibly collected inside the apple or-
chards increased from 10% to 81%
within ten days. After the apple
tree blossom period (second half of
May) the percentage of pollen col-
lected inside the orchards started
to decrease again and stayed un-
der 50% for the rest of the season
(June), with one single exception,
possibly related to climatic parame-
ters for the years of the study: 56
days after the beginning of the ap-
ple tree blossom period, the amount
of pollen collected inside apple or-
chards reached 60%.

DISCUSSION

Flowering plants growing between
rows of apple trees inside apple or-
chards have both beneficial and un-
favourable effects according to Mer-
win [36]. On the one hand, they can
stunt the growth of young trees or
decrease the apple yield, as they
compete with the apple trees for
essential resources [37] [38] [39].
On the other hand, serving as un-
derstory or ground cover, flower-
ing plants can improve water infil-
tration [40], nutrient retention [41],
and crop/fruit quality [42]. Such
flowering plants can even help to
protect the soil from erosion [43]
and shearing or compressing forces
[36]. Flowering understory vegeta-
tion can also have a positive effect
on the biological controls of pests,
by providing nectar, pollen or habi-
tats to beneficial arthropods [44].
Accordingly, understory vegetation
can be considered to be common
weeds, having negative effects on
crops in some cases but can also
be very useful under other circum-
stances. In this study, the under-
story vegetation cover of apple or-
chards examined was between 60%
and 85% in half of all vegetation
surveys (Fig. 6). However, only
a very few of the species found in
the understory exceeded a maxi-
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Fig. 5: Pollen collected by honey bees (Apis mellifera ssp. carnica) in the apple tree (Malus domestica) cultivation area of South
Tyrol (Italy) within the investigated years (2016-2020) as determined to plant species, genera or family level. The Y-axis shows
the days before or after the apple tree blossom, and the X-axis indicates (from left to right) i) the proportion of pollen collected
inside (yellow) and outside apple orchards (orange), ii) the frequency of pollen types that were not determinable (red), iii) other
pollen taxa (blue), and iv) the pollen frequency (in percentages) for 32 plant taxa (trees/shrubs in brown, herbaceous plants in
green, and other plant families in grey) in the honey bee pellets aligned on the time axis.

mum vegetation cover of more than
5% (Fig. 4) and the flower abun-
dances, which are the most inter-
esting for insect pollinators, may be
even smaller.

The main blossom period of the
understory plants overlaps strongly
with that of the apple tree blos-
som (Fig. 2), if we compare it
in weeks 0-3 from the start. The
increase in pollen collected inside
the apple orchards (Fig. 5, left
graph, yellow area, days 0-21 af-
ter the standardised “day 0”, where
day 0 correlates to the start of the
apple tree blossom) occurred syn-
chronously. During the apple tree
blossom, apple farmers usually do
not mow the understory, and any
application of pesticides, dangerous
to honey bees is - in principle -
prohibited by law [45]. In addition,
the flowering plants in the under-
story of orchards, and the apple
trees do not only compete for soil
nutrients and water resources, but
also for insect pollinators and polli-

nation. As the peak blossom times
of both dandelions (Taraxacum offic-
inale agg.) and apple trees (Malus
domestica) occur almost simultane-
ously (Fig. 2), it is likely that
these two plant species compete
strongly for insect pollinators. This
could therefore also lead to the ap-
ple trees being insufficiently polli-
nated, with negative effects on the
fruit quality [10]. Our palynologi-
cal results demonstrate that Malus-
type is clearly the main pollen be-
ing collected by honey bees dur-
ing the apple tree blossom period
(Fig. 5). Nevertheless, Free [46]
argued that this type of competi-
tion also existed when considering
other nectar collecting foragers and
suggested that farmers should re-
move dandelions (Taraxacum offic-
inale agg.) using selective herbi-
cides to improve insect pollination.
This clearly indicates that nectar col-
lection by honey bees, wild bees, or
other insect foragers should be con-
sidered more carefully when quan-
tifying and analysing the pollination

behaviour of honey bees.

Generally, in March, just before the
apple tree blossom period, only a
few flowering plants were recorded
in the apple orchards. This situ-
ation changed dramatically as the
season and apple tree blossom pe-
riod progressed, with the number of
flowering plant species increasing
enormously. Together with the high
variance in the numbers of plant
species found in the apple orchards
(Fig. 4), the vegetation understory
must be considered to be very het-
erogeneous. However, outside the
apple tree blossom period in April
and early May, there were always
flowering plant species present in
some of the orchards, but mainly
with a plant cover of less than 5%.

As insect generalists, honey bees
are known to collect pollen from
many different plant species [7].
However, during a foraging flight,
honey bees usually tend to visit only
one plant species [47]. Indeed, this
was also observed in our study: pa-
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Fig. 6: Boxplot representing the vegetative ground cover inside apple orchards within the three investigated yeas (2017, 2019,
and 2020) in the research area of South Tyrol (Italy). The bold lines show the according median for each coverage, the box
represents the 75th and 25th percentile; the whiskers indicate the minimum/maximum and the circles are outliers.

lynological analyses of honey bee
pollen pellets often revealed only
one pollen-type. Interestingly, it is
well known that the diversity and
quality of pollen collected by honey
bees strongly influence the physi-
ology of the hives of these social
insects [48], although it is still not
clear what controls the honey bees’
choice concerning their fodder re-
sources. Some studies suggest that
it may be the quality of the pollen
[49] [50] [51], but other research im-
plied that visual (colour), tactile and
chemical signals emitted by flow-
ers and their anthers may be cru-
cial [52] [53]. Either way, it is clear
that honey bees show preferences
for certain flowers in order to collect
particular pollen types [54], a fact
also revealed in our present study.

As pollen is the main natural protein
source for honey bees, this has a
strong impact on the fitness and
strength of a honey bee colony. An

adequate pollen supply is crucial for
the development of the honey bee
larvae, but adult honey bees also
benefit from a diet that includes
pollen [55]. Here, the results of this
study show that trees and shrubs
were the main pollen sources for
honey bees throughout the period
under observation (Fig. 5). This
coincides with the results of Donker-
sley [54], suggesting that this phe-
nomenon could be determined by
the higher amount of flowers in wind
and insect-pollinated tree and shrub
species in particular. In addition,
Donkersley [56] even showed that in
increasingly grassland-dominated
landscapes, where trees are less
abundant, honey bees do still con-
sistently forage on the latter. In
our study, the flowers of different
wind-pollinated species were also
visited very frequently, i.e. their
pollen was collected in large quan-
tities (Fig. 5), which compares well

with other studies [57] [58] [59].
Anemophilous plants produce high
amounts of pollen grains, which
leads to high pollination and high
yields [60]. Hence, anemophilous
plants could be a very efficient
way to secure a pollen supply for
a honey bee colony, and there-
fore attract foraging honey and wild
bees, even though no nectar is pro-
vided, and the flower morphology
is not designed to attract insect
pollinators. However, and on aver-
age, zoophilous or insect-pollinated
plants do not have a higher pollen
protein content than anemophilous
plants [61]. This may indicate that
honey bees do not actively select
for protein-rich pollen. If that were
the case, a difference in the pollen
protein content would have to be
expected [62]. Although pollen is
the main and often only protein
source for honey bees, it also con-
tains other ingredients that may be
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of nutritional value [55]. Accord-
ing to van der Moezel et al. [63],
clearly the abundance of flower-
ing plant species is more impor-
tant for pollen foraging, than the
nutrient composition of the pollen.
However, abundance of flowering
plants alone does not seem to be
the driving factor, as in some cases,
some very abundant plant species
were completely ignored by honey
bees [64] [65], possibly due to their
toxicity. It is a fact that the spec-
trum of flowering plant species in
the honey bee pollen pellets col-
lected does not fully represent the
composition of vegetation surround-
ing the beehives [62]. So, over the
course of the season, the abun-
dance and temporal availability of
the pollen resources are determin-
ing factors for the types of pollen
found in the pollen pellets collected.
Importantly, the flowering time of
plants differs significantly between
plant species [66] and mainly de-
pends on different genetic, envi-
ronmental, seasonal and climatic
factors [6] [67]. Pollen from a spe-
cific flowering plant is therefore only
available during a specific period
or season, which is reflected in
the spectrum of pollen collected
(Fig. 5). In most of the analysed
palynological samples in this study,
there were just a few flowering plant
species representing the major part
of the collected pollen, which seems
to be a common phenomenon [62].
Honey bees probably tend to visit
the most available plants in terms of
quantity daily, and the most attrac-
tive pollen sources, instead of less
prominent ones.

The percentage of pollen collected
outside the apple orchards by
honey bees is probably even higher
than the value shown in Figure 5.
Also, some pollen types could only
be identified at plant family level,

whereas unidentified pollen types
were considered to be “collected in-
side orchards”, to make sure that
the calculation of the percentages
of pollen collected outside the apple
orchards was not increased artifi-
cially. Therefore, it is quite difficult to
determine or differentiate the exact
pollen percentages in a pollen pellet
from a honey bee collected inside or
outside apple orchards. The reason
is that some flowering plant species
are found both in the understory
and outside apple orchards, and
therefore it is impossible to know
if pollen foraged from these plants
was collected inside or outside the
apple orchards. Finally, it should
be considered that our self-made
front-mounted external pollen traps
installed in front of the beehives to
harvest the pollen pellets collected
by honey bees once a week during
favourable weather conditions (no
rain or heavy winds) from March to
June, may have varied in their ef-
ficiency, and may even have influ-
enced the foraging behaviour of the
honey bee colonies [68].

CONCLUSIONS

The main goal of this study was
to investigate the importance of ap-
ple orchards for the supply of pollen
for honey bee colonies (Apis mel-
lifera ssp. carnica) positioned in
the apple-growing area of South
Tyrol, Italy during several foraging
seasons (2016-2020). During the
apple tree blossom period in April
and May, the orchards provided
the honey bees with large quan-
tities of pollen as fodder. Be-
fore and after that period, the ap-
ple orchards played a minor role
in the honey bees’ pollen supply.
Even though outside the apple blos-
som period (March and May/June)
the amount of pollen collected in
the understory of apple tree plan-

tations was low, these flowering
plants and their pollen loads remain
a very important supply of fodder.
In South Tyrol, apple orchards are
very abundant, and lots of flower-
ing plant species can be found in
the understory throughout the inves-
tigated time span (March-June). As-
tonishingly, flowers from trees and
shrubs were the main pollen re-
sources for honey bees over each
investigated season, including sev-
eral anemophilous species. To
get a better overview of the for-
aging behaviours and main pollen
and fodder resources of honey bees
throughout the whole season, the
sampling periods should be ex-
panded until autumn in future. More-
over, analysing the pollen content
of honey bee stomachs by morpho-
logical or DNA analyses, as well as
the differences in pollen spectra in
the honey produced [69], could pro-
vide further insights into the nectar
foraging behaviour of honey bees,
not only in Central Europe but world-
wide. Furthermore, this could help
to understand essential aspects of
pollination systems and biodiversity
sustainment by honey bees.
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ZUSAMMENFASSUNG
Der Obstanbau ist einer der wichtigsten Wirtschaft-
szweige in Südtirol (Italien), einer Region mit einem
der größten zusammenhängenden Obstanbauge-
biete in der EU. In einigen Teilen Südtirols wer-
den mehr als 75% der landwirtschaftlich genutzten
Fläche für den Anbau von Obstbäumen, vor allem
Äpfeln (Malus domestica), genutzt. Außerdem
gibt es in Südtirol rund 3500 Imker, welche unge-
fähr 38 000 Honigbienenvölker bewirtschaften, vor
allem in den Tallagen zwischen 200 und 600 m
ü.NN. Diese Arbeit beschäftigt sich damit, inwieweit
die Obstanbauflächen von Honigbienen aufgesucht
und genutzt werden, vor allem außerhalb der
Blütezeit der Apfelbäume. Hierfür wurden über
einen Zeitraum von fünf Jahren (2016-2020) paly-
nologische Analysen von Pollenhöschen durchge-
führt und mit Vegetationsaufnahmen von Apfelan-
lagen verglichen, um die Bedeutung der Apfelplan-
tagen für die Pollenversorgung von Honigbienen
zu verstehen. Die Ergebnisse zeigen, dass die
lokalen Apfelplantagen während der vier Wochen
der Apfelblüte die wichtigste Pollenquelle für Honig-
bienen waren. In den Wochen vor Beginn der Apfel-
blüte und in den sechs Wochen nach der Apfel-
blüte spielen die Apfelplantagen jedoch eine unter-
geordnete Rolle für die Pollenversorgung der Honig-
bienen. Während der gesamten untersuchten Sai-
son dienten die Blüten einer breiten Palette insek-
tenbestäubter und windbestäubter Pflanzenarten
als Hauptpollenquellen, vor allem die Blüten von
Laubbäumen und Sträuchern. Krautige Pflanzen
wie z.B. Veronica sp., Plantago lanceolata und Ver-
bascum sp. wurden von den Honigbienen als Pol-
lenquelle weit weniger besucht. Dies deutet darauf
hin, dass Honigbienen für ihre Pollenversorgung
Pflanzen bevorzugen, welche eine große Menge an
Pollen produzieren, auch wenn deren Blüten kaum
oder keinen Nektar enthalten.

RIASSUNTO
La frutticoltura è uno dei settori economici più im-
portanti dell’Alto Adige (Italia), la regione con una
delle più grandi aree frutticole contigue dell’UE. In
alcune zone dell’Alto Adige, oltre il 75% dei ter-
reni agricoli è utilizzato per la coltivazione di al-
beri da frutto, soprattutto mele (Malus domestica).
In Alto Adige sono presenti anche circa 3500 api-
coltori, che gestiscono circa 38 000 colonie di api
mellifere, principalmente nelle valli tra i 200 e i 600
m s.l.m.. Questo studio si concentra sulla misura
in cui le api mellifere visitano e utilizzano i frut-
teti, soprattutto al di fuori del periodo di fioritura
dei meli. A tal fine, sono state effettuate analisi
palinologiche del polline raccolto dalle api per un
periodo di cinque anni (2016-2020) e sono state
confrontate con analisi della vegetazione dei meleti,
al fine di comprendere l’importanza dei meleti per
l’approvvigionamento pollinico delle api mellifere. I
risultati mostrano che i meleti locali sono stati la
fonte di polline più importante per le api durante
le quattro settimane di fioritura del melo. Tuttavia,
nelle settimane precedenti e nelle sei settimane suc-
cessive alla fioritura, i meleti svolgono un ruolo sec-
ondario nell’approvvigionamento di polline delle api.
Durante l’intera stagione studiata, i fiori di un’ampia
gamma di specie vegetali impollinate da insetti e dal
vento sono stati le principali fonti di polline, soprat-
tutto i fiori di alberi decidui e arbusti. Piante erbacee
come Veronica sp., Plantago lanceolata e Verbas-
cum sp. sono state usati molto meno frequente-
mente dalle api come fonte di polline. Ciò indica che
le api mellifere preferiscono piante che producono
una grande quantità di polline, anche se i loro fiori
contengono poco o niente nettare.
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