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ABSTRACT

This study was done to discover any beneficial effect of a medicinal mushroom Agaricus brasiliensis
extract on the honey bee. Firstly, a laboratory experiment was conducted on 640 bees reared in 32 single-
use plastic rearing cups. A. brasiliensis extract proved safe in all doses tested (50, 100 and 150 mg/kg/
day) irrespective of feeding mode (sugar syrup or candy). Secondly, a three-year field experiment was
conducted on 26 colonies treated with a single dose of 4. brasiliensis extract (100 mg/kg/day) added to
syrup. Each year the colonies were treated once in autumn and twice in spring. The treatments significantly
increased colony strength parameters: brood rearing improvement and adult population growth were
noticed more often than the increase in honey production and pollen reserves. These positive effects were
mainly observed in April. In conclusion, A. brasiliensis extract is safe for the bees and helps maintaining
strong colonies, especially in spring.

Key words: Apis mellifera, colony strength, medicinal mushroom ‘Cogumelo do Sol’, natural-based
supplement.

INTRODUCTION la Rua et al. 2009, Moritz et al. 2010). Besides,
honey and other hive products (propolis, royal

Honey bees Apis mellifera L. (Hymenoptera: jelly and bee venom) display a variety of positive

Apidae) play a great role in pollination of both crops
and wild flora. As wild non-honeybee pollinators
are in constant decline, the importance of managed
honey bees is inestimable for sustainable agriculture

and conservation of natural plant biodiversity (De
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nutritional and/or health effects in humans (Viuda-
Martos et al. 2008, Alvarez-Suarez et al. 2010).
Unfortunately, dramatic losses of managed
honey bee colonies have been reported in
Europe and North America over the past decade
(vanEngelsdorp et al. 2009, Genersch et al. 2010,
Neumann and Carreck 2010, Potts et al. 2010,
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Ellis et al. 2010). As no single explanation for the
extensive colony losses has been identified, it is
concluded that many biological and environmental
stressors, acting alone or in combination, can lead
to premature colony mortality (vanEngelsdorp et al.
2009, Genersch 2010, Le Conte et al. 2010). Along
with bee diseases, many problems in beekeeping
are caused by chemicals used against honey bee
pathogens, whose appliance is accompanied by
side effects on bees and brood (Pettis et al. 2004a,
2004b, Loucif-Ayad et al. 2008), contamination
of bee products (Bogdanov 2006) and health
risk to beekeepers and bee product consumers
(Stanimirovic et al. 2005, 2007, Stevanovic et
al. 2008, Radakovic et al. 2013). Therefore, it
would be benefitial if some harmless natural-
based supplements could provide maintaining
healthy and strong honey bee colonies and help in
prevention of their mortality. For that reason we
decided to investigate the effect of extract of the
medicinal mushroom, Agaricus brasiliensis Wasser
et al., syn. Agaricus blazei Murrill ss. Heinemann
(Wasser et al. 2002) on honey bees and to evaluate
the potential of its use in beekeeping.

Agaricus brasiliensis (Basidiomycetes) is an
edible mushroom of Brazilian origin, popularly
known as ‘Sun Mushroom’ (‘Cogumelo do Sol’
in Portuguese) in Brazil and ‘Himematsutake’ in
Japan. It has been used in traditional medicine
as a healthy food supplement and against a
variety of diseases, including cancer, diabetes,
hyperlipidaemia, arteriosclerosis and chronic
hepatitis (Wasser and Weis 1999). Numerous health-
promoting effects of A. brasiliensis have been
scientifically proved (Wei and Van Griensven 2008,
Hetland et al. 2008, Kozarski et al. 2011, Roupas
et al. 2012). Antigenotoxic, anticarcinogenic,
antimutagenic and antitumor activities have been
described (Guterres et al. 2005, Mantovani et al.
2008, Kim et al. 2009, Ishii et al. 2011) and a wide
range of immunomodulatory properties (Johnson
et al. 2009, Ishii et al. 2011, Kozarski et al. 2011,
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Smiderle et al. 2011, 2013). All these beneficial
effects of 4. brasiliensis were demonstrated on
mammals or mammalian cells in vitro and with the
aim of promoting human health. However, no study
has ever been undertaken to evaluate the effect
on maintaining health of social insects. The only
research on insects was that of Savi¢ et al. (2011)
who used Drosophila melanogaster in vivo assay
to evaluate the antigenotoxic and/or protective
effects of 4. brasiliensis against experimentally
induced mutations. Thus, this study was attempted
to investigate if its extract supplementation
exerts beneficial effects on honey bees, firstly by
evaluating the its safety in laboratory conditions,
and secondly by monitoring the influence of A.
brasiliensis extract on colony strength parameters
(brood areas, adult bee population, honey and
pollen reserves) in field experiment during three
successive years.

MATERIALS AND METHODS

BEES

The research was conducted on the European honey
bee (Apis mellifera) from the experimental apiary
belonging to the Faculty of Veterinary Medicine of
the University of Belgrade. The apiary is situated in
the close vicinity of the laboratory, which facilitated
the performance of the experiment.

MUSHROOM EXTRACT

In this study Agaricus brasiliensis strain M7700
(Mycelia bvba, Nevele, Belgium) was used. Hot-
water extract was made from fresh fruiting bodies,
dried in vacuo, ground to fine powder and stored
until use. Mushroom cultivation and extract
preparation were described previously (Wei and
Van Griensven 2008, Savi¢ et al. 2011). GC-MS
and NMR spectroscopy (Smiderle etal. 2011, 2013)
showed that the extract was rich in polysaccharides
(45.9 g/100 g), mostly glucans (40.1 g/100 g):
a-glucans 17.3 g/100 g and B-glucans 22.8 g/100 g
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(Kozarski et al. 2011). In addition, phenols (1 g/100
g) and proteins (4.7 g/100 g) were also detected
(Kozarski et al. 2014).

SAFETY OF A. brasiliensis EXTRACT — LABORATORY
EXPERIMENT

The safety test was performed on newly emerged
adult worker bees maintained in single-use plastic
rearing cups (400 mL), as recommended by Evans
et al. (2009). To obtain newly emerged bees, the
combs with sealed cells close to bee emergence
were brought to the laboratory and incubated
in darkness at 34°C and 65% RH. The emerged
bees were manually collected from the combs
and confined to single-use rearing cups. Twenty
randomly chosen bees were put in each cup and
kept at 30°C, 50% RH, in darkness (Fries 1988).
In the laboratory experiment 640 bees in 32
cups were used: there were 4 experimental groups
(3 treated + 1 control), 2 feeding modes (syrup and
candy) and 4 replicates of each group. Three doses
of A. brasiliensis extract were tested: 50, 100 and
150 mg/kg/day, the median one (100 mg/kg/day)
corresponding to commonly tested doses of the
substance in other in vivo test systems (Kim et al.
2009). Thus, 20 bees weighing 2 g, placed in each
rearing cup, were to receive 0.2 mg of extract per
day. As daily consumption rate per bee is 50 mg
(Maistrello et al. 2008), 20 bees in a cup consume
1000 mg (1 g) of food each day. Thus, 0.2 mg of A4.
brasiliensis extract mixed in 1 g of candy (or 1 ml
of syrup) provided the required daily dose per cup.
The control bees were fed with untreated syrup or
candy prepared as in Costa et al. (2010). The syrup
was administered as described previously (Costa
et al. 2010), and candy was divided into smaller
pieces placed close to the edge of the rearing cup.
This innovation enabled greater candy surface area
available to the bees and easy addition of water (by

syringe) when needed.

FIELD EXPERIMENT

Honey bee colonies for the field experiment were
maintained in standard European Langstroth (LR)
hives. The hive experiment was conducted during
three successive years 2010/2011, 2011/2012 and
2012/2013 with different weather status. Winters
2010/2011 and 2012/2013 were temperate, with
temperatures and precipitation within the limits
of average in the last decades (RHMZ 2013).
However, winter 2011/2012 was specific, as
December 2011 and January 2012 were mild, with
average temperatures higher than usual, whilst
in February 2012 there was an extremely cold
period (the mean monthly temperature was 6.6°C
below the average), with as low as —27°C recorded
continually during a whole week (RHMZ 2013).

During the experimental period, colonies
were regularly checked for both bee and brood
pathology by a veterinary specialist, following
the instructions of the “Office International
des Epizooties” (OIE 2013). Varroa destructor
infestation was controlled twice a year with tau-
fluvalinat (Varotom®, Evrotom, Ruma, Serbia).
In June 2010, all experimental colonies (both
treated and controls) received newly-emerged
naturally mated sister queens originated from a
mother queen of known C2d haplotype (Kozmus
et al. 2007, Muiioz et al. 2012). Queens had been
marked to facilitate their monitoring and to ensure
that all experimental colonies were headed by the
queens of the same age (one-year-old queens in
2010/2011, two-year-old in 2011/2012 and three-
year-old queens in 2012/2013).

Each autumn 26 colonies of uniform strength
were set up for the experiment (22 treated and 4
controls). As the trial was always carried out in
the period from September to April, the colonies
were equalized in autumn (prior to wintering).
Equalization was done in regard to adult bee
population and food resources (amounts of honey
and pollen stored) since very small amounts of
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brood were present in each hive. Spring colony
assessment included the measurement of five
strength parameters: open brood area (OB)
sealed brood area (SB), adult bee population
(AB), honey reserves (HR) and pollen reserves
(PR). Measurements were performed using the
methodology described in DeGrandi-Hoffman et
al. (2008), recently included in standard methods
for estimating strength parameters of Apis
mellifera colonies (Delaplane et al. 2013). Briefly,
measurements were made using a transparent grid
with 5 x 5 cm squares. The grid was laid over each
side of every frame and the number of squares
covered with brood (open and sealed, separately),
stored food (pollen and honey, separately) or adult
bees was counted and recorded. For each parameter
monitored, measurements of all frames were
summed up for the whole colony. The estimated
values for OB, SB, SH and SP are expressed in
cm’, while the AB is expressed in number of bees,
calculated from the area of comb occupied by adult
bees given the appropriate density of 1.25 bees /
cm’ on LR frame type (Delaplane et al. 2013).

Having considered the results of the laboratory
experiment, the colonies were treated with a dose
of 100 mg/kg/day: a bee colony in the hive of 3
kg weight, were given 300 mg of A. brasiliensis
extract each day. In the presence of already stored
honey the bees intake of the treated syrup during
22 days should be 300 mg x 22 = 6.6 g extract per
hive per treatment.

The treated colonies received the extract
three times a year: once in autumn and two times
in spring. Autumn treatment (on the day A) was
applied immediately after equalization of hives.
The first spring treatment (day S1) was performed
during the first spring inspection of the hives (first
half of March), and the second (day S2) 22 days
later. In the treatment of colonies only syrup feeding
was used, as it was prefered to candy in both the
laboratory (Costa et al. 2010 and the results of this
study) and field experiments (Higes etal. 2011). For
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each hive 6.6 g of 4. brasiliensis extract was mixed
in 1 L of sugar syrup (50% sugar, 40% water and
and 10% honey from experimental colonies) and
applied three consecutive days (330 ml per day).
The control colonies were fed with plain syrup.

The effect of the treatments was assessed by
measuring the five strength parameters (OB, SB,
AB, HR and PR) on three monitoring days: on the
day of first spring treatment (day S1), 22 days later
(second spring treatment, day S2), and finally, 22
days after that, at the end of April, before the main
Acacia honey flow (day S3).

STATISTICAL ANALYSIS

Statistical analysis of the results was based on
nonparametric tests since the data were not
homogeneous (¢ > 30%), not normally distributed
(p < 0.05 for Shapiro-Wilk’s W test) and variances
of samples were not homogeneous (p < 0.05 for
Levene’s test).

To evaluate the safety of the test substance in
laboratory experiment, the survival of bees was
monitored. The number of surviving bees in each
rearing cup was recorded on days 7, 14 and 21.
The Kruskal-Wallis test (Marques de Sa 2007)
was applied to test the differences in survival in
each group on days 7, 14 and 21. Mann-Whitney
U test (Marques de S& 2007) was used to test the
differences in survival between groups fed with
syrup and candy.

In field experiment, the Mann-Whitney U
test was applied to evaluate the effect of the test
substance (4. brasiliensis extract) on the colony
strength parameters. The treated colonies were
compared to the controls within each study year and
on each monitoring day (S1, S2 and S3). Moreover,
the influence of the year on monitored colony
strength parameters was evaluated in both treated
and control colonies on each monitoring day (S1,
S2 and S3). Kruskal-Wallis test was applied to test
the differences in colony strength parameters in the
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whole three-year period, while Mann-Whitney U
test was used for paired comparisons between years.

RESULTS

SAFETY OF A. brasiliensis EXTRACT

The results of Kruskal-Wallis test revealed no
significant (p > 0.05) differences in the survival
of bees among groups (treated with 4. brasiliensis
extract and control) in both feeding modes (syrup
and candy). These results indicated that all tested
doses were safe for and may be applied to bees in
the field experiment.

The highest number of rearing cups without bee
mortality was in the group fed with the 4. brasiliensis
extract in the dose of 100 mg/kg/day in both feeding
modes, syrup (50.00%) and candy (62.50%). Thus,
this dose was used in the field experiment.

The results of Mann-Whitney U test revealed
no significant (p > 0.05) differences in the survival

of bees between groups fed with syrup or candy
(Table I), meaning that the survival did not depend
on feeding mode. However, in laboratory conditions
syrup feeding proved better than candy as it was
always completely consumed. By contrast, candy
desiccated quickly and became hard so the bees
were unable to intake the complete dose of the test
substance when mixed in candy. Thus, only syrup
feeding mode was applied in the field experiment.

FIELD EXPERIMENT

The effect of A. brasiliensis extract on strength
parameters of honey bee colonies

Since experimental data did not meet the conditions
for the application of parametric test, comparison
of average values of strength parameters between
treated and control honey bee colonies was
performed by Mann-Whitney U test (Table II).

TABLE I
The differences in survival of bees between groups fed with syrup and candy (Mann-Whitney U test).

AbM extract dose Until 7" day Until 14" day Until 21% day
mg/kg/day V4 p-level V4 p-level Z p-level
0 -0.832 0.405 -1.661 0.097 -1.265 0.206
50 -1.464 0.143 0.180 0.857 0.795 0.427
100 0.392 0.695 -0.254 0.800 0.420 0.675
150 0.000 1.000 0.148 0.883 0.241 0.809
TABLE II

Differences in colony strength parameters between honey bee colonies treated with AbM extract (100 mg/kg/day) and
controls in period 2011-2013 (Mann-Whitney U test).

Mor:;;(‘)]rmg Colony strength parameter 2 2011 D 2 2012 D 2 2013 D
OB -1.928 0.054 -0.575 0.565 0.334 0.738
SB -1.448 0.148 -0.189 0.850 0.111 0.911
S1 HR -0.381 0.704 -0.384 0.701 1.319 0.187
PR -0.781 0.435 0.574 0.566 1.969 0.049
AB -2.046 0.041 -1.189 0.234 0.467 0.641
OB 2.188 0.029 0.189 0.850 2.891 0.004
SB 2.342 0.019 -1.512 0.131 2.713 0.007
S2 HR 1.516 0.129 -0.294 0.769 1.583 0.113
PR 0.297 0.766 -0.189 0.850 -1.821 0.069
AB 2.159 0.031 0.958 0.338 2.748 0.006
OB 1.375 0.169 2.652 0.008 1.599 0.110
SB 2.491 0.013 2.646 0.008 1.159 0.247
S3 HR 2.711 0.007 2.646 0.008 1.488 0.137
PR -1.454 0.146 0.474 0.636 1.380 0.168
AB 2.657 0.008 1.150 0.250 2.026 0.043

S1 - day of first spring treatment; S2 - day of second spring treatment (22 days after day S1); S3 - 22 day after the S2; OB - open
brood area; SB - sealed brood area; HR - honey reserves; PR - pollen reserves, AB - adult bee population.
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Among the 15 recorded cases of significant (p <
0.05 or p < 0.01) differences, 14 were in favour
of the treated colonies. AB and SB were most
frequently significantly (p < 0.05 or p < 0.01)
higher in treated colonies compared to control (in
four cases), followed by OB (in three cases), HR
(two cases) and PR (one case). There was only
one exception (AB on the day S1 in 2011) where a
significantly (p=0.041) higher value was recorded
in the control. Generally, brood rearing and adult
population growth (OB, SB and AB) were more
often affected by A. brasiliensis extract than the
productive capacity (PR and HR). Significant (p <
0.05 or p <0.01) differences in favour of the treated
colonies were more often recorded in 2011 (six
cases) and 2013 (five cases), than in 2012 (three
cases). Considering monitoring days, positive
effects of A. brasiliensis were mainly observed in
April, whereas its significant (p < 0.05 or p <0.01)
influence was most often recorded on the day S3
(SB and HR in 2011 and 2012; AB in 2011 and
2013 and OB in 2012) and slightly less on day S2
(OB, SB and AB in both 2011 and 2013). On the

day S1, only PR in 2013 was significantly (p <
0.05) increased by the treatment.

THE INFLUENCE OF THE YEAR ON STRENGTH
PARAMETERS IN TREATED AND CONTROL HONEY
BEE COLONIES

The comparisons of average values of strength
parameters in the whole three-year period (Kruskal-
Wallis test) and between paired years (Mann-
Whitney U test) suggested no consistent influence
of the year on the any of monitored strength
parameter either in the treated bee colonies (Table
IIT) or the controls (Table 1V).

DISCUSSION

There is great concern about the current decline
in the number of managed honey bees. Factors
responsible for colony losses differ from continent
to continent and from region to region, so there
is no globally valid solution to honey bee decline
(Genersch 2010). Thus, maintaining healthy and
strong honey bee colonies is of crucial importance
in the prevention of colony losses in all regions

TABLE III
Differences in colony strength parameters in three consecutive years in honey bee colonies treated with AbM extract (100
mg/kg/day).

Mann-Whitney U test

itori Colony Kruskal-Wallis test
Mo':i':;““g strength 2011/2012 2011/2013 2012/2013
parameter H p (df=2) 2 P Z P 2 P
OB 17414 <0.001 0904 0366 3989 <0.000 2389  0.017
SB 2.065 0356 -0956 0339  -1323 0.8 0292  0.770
S1 HR 10.990 0.004 2503 0012 -1.552 0121  -3.030  0.002
PR 8.276 0016  -2.710  0.007 0290 0772  2.604  0.009
AB 14.461 0.001  -0.957 0338  -3.537  <0.000  -2.405 _ 0.016
OB 4016 0,134 1460 0.144  1.648  0.099 0982  0.326
SB 2.621 0.270 0.159  0.873 158 0113 0877 0381
s2 HR 6.831 0.033 1590 0112  -1.702 0089 2254  0.024
PR 0.761 0.684 0372 0710 0896 0371 0053  0.958
AB 3.642 0.162 0.841 0400 1981  0.048  -0.136 _ 0.892
OB 8.850 0012 -1439  0.150 1741 0082 _ 2956  0.003
SB 15.094 0.001  -1.889  0.059  2.666  0.008  3.464  0.001
S3 HR 23.140  <0.001 3506 <0.000 4308  <0.000 -0293  0.770
PR 6.185 0.045 2420 0016  -0.735 0463  1.996  0.046
AB 6.932 0.031 1073 0283 2.676  0.007 0581  0.562

S1 - day of first spring treatment; S2 - day of second spring treatment (22 days after day S1); S3 - 22 day after the S2; OB - open
brood area; SB - sealed brood area; HR - honey reserves; PR - pollen reserves, AB - adult bee population.
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TABLE IV
Differences in colony strength parameters in three consecutive years in control honey bee colonies.
Colony . Mann-Whitney U test
Monitoring Kruskal-Wallis test
day strength 2011/2012 2011/2013 2012/2013
parameter H p (df=2) 2 P 2 P 2 P

OB 1.192 0.551 0.577 0.564 -0.866 0.386 -0.866 0.386
SB 0.500 0.779 0.289 0.773 0.866 0.386 0.000 1.000

S1 HR 4.195 0.123 2.205 0.027 0.744 0.457 -0.887 0.375
PR 6.639 0.036 -1.452 0.146 2.021 0.043 2.033 0.042
AB 0.584 0.747 0.607 0.544 0.667 0.505 0.000 1.000
OB 3.038 0.219 0.866 0.386 2.021 0.043 0.000 1.000
SB 9.582 0.008 -2.309 0.021 2.178 0.029 2.309 0.021

S2 HR 5.770 0.056 2.205 0.027 1.764 0.078 -0.599 0.549
PR 1.850 0.397 -0.290 0.772 -1.479 0.139 -0.726 0.468
AB 10.021 0.007 -2.366 0.018 2.352 0.019 2.352 0.019
OB 1.053 0.591 0.877 0.381 0.866 0.386 0.000 1.000
SB 2.452 0.293 -1.307 0.191 -0.294 0.769 1.340 0.180

S3 HR 9.582 0.008 2.309 0.021 2.309 0.021 -2.178 0.029
PR 9.615 0.008 -2.309 0.021 2.191 0.028 2.323 0.020
AB 8.355 0.015 -2.381 0.017 0.833 0.405 2.428 0.015

S1 - day of first spring treatment; S2 - day of second spring treatment (22 days after day S1); S3 - 22 day after the S2; OB - open
brood area; SB - sealed brood area; HR - honey reserves; PR - pollen reserves, AB - adult bee population.

of the world, and natural-based treatments which
may enhance colony strength or stimulate bee
defence are more than welcome (Stevanovic et
al. 2012). Thus, this study was done to investigate
if supplementation with A. brasiliensis extract
could enhance bee colony strength and help to
prevent their mortality. As this is the first trial of
A. brasiliensis extract treatment of bees, it was
necessary to evaluate if it is safe for the bees and to
decide on the appropriate dose and feeding mode.
The results of our laboratory experiment showed
that the extract is safe for the bees in each applied
dose, which consequently enabled the field trial.
Although in laboratory conditions the survival of
bees did not depend on feeding mode, only syrup
was fully consumed and ensured the complete
intake of the extract. In contrast, the other feeding
mode, candy, appeared inappropriate because it
desiccated so the bees could not intake the whole
quantity of the test substance. These results are
in accordance with previous reports on these two
feeding modes (Costa et al. 2010, Higes et al. 2011).

Adequate nutrition is essential for the normal
growth and development of honey bee colonies and

ensures maintaining colonies in good condition.
Continuous availability of pollen insures the
growth of colonies, provides protein to adult bees
and stimulates brood rearing (DeGrandi-Hoffman
et al. 2008, 2010). Protein content in both larval and
adult diet positively influences worker longevity
(Li et al. 2014), but best survival is achieved when
workers are fed with both pollen and royal jelly
(Wang et al. 2014). Pollen availability during the
larval development directly affects the reproductive
quality of drones (Czekonska et al. 2015).
Inadequate nutrition may contribute to
colony losses, as colonies with low nutritional
reserves have reduced brood rearing (Mattila and
Otis 2007, DeGrandi-Hoffman et al. 2008). Since
colony nutrition can be effectively managed,
several studies tested the beneficial influence of
food supplements on honey bees. Pollen, pollen-
substitute diets (protein supplements) and protein/
vitamin supplements were most evaluated (Nabors
2000, Mattila and Otis 2006, DeGrandi-Hoffman et
al. 2008, Pajuelo et al. 2008). Supplemental feeding
with pollen or substitutes during seasonal pollen
shortages may enhance brood rearing (Nabors
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2000, Mattila and Otis 2006), so it was accepted
as a routine in beekeeping practice. Interestingly,
comparing to natural pollen cake, pollen
substitute patty (containing 16.5% protein and
66% carbohydrate and no natural pollen) exerted
significantly greater effects in stimulating brood
rearing and adult population growth (DeGrandi-
Hoffman et al. 2008). However, no significant
influence on brood and colony development,
winter survival and productive capacity (pollen
and honey reserves) was caused by protein/vitamin
supplementation in the study of Pajuelo et al.
(2008). A. brasiliensis extract supplementation in
the field experiment of this study caused significant
increase of colony strength parameters, with
brood rearing and adult population growth (OB,
SB and AB) being more often affected than honey
and pollen reserves (HR and PR). These findings
are in some extent comparable with the effects of
pollen substitutes (DeGrandi-Hoffman et al. 2008),
although our study lasted much longer (three
years) than the study of DeGrandi-Hoffman et al.
(2008) and was performed with different treatment
strategies. A. brasiliensis extract was more
powerful in enhancing colony strength than pollen
supplements in the study of Mattila and Otis (2006)
and protein/vitamin supplements in the study of
Pajuelo et al. (2008).

In our study, no consistency in year influence
could be identified, although the study lasted
three consecutive years which differed in weather
conditions. Contrary to temperate winters
2010/2011 and 2012/2013, the winter 2011/2012
was unfavourable for the bees (mild December
2011 and January 2012 and an extremely cold
period during a whole week in February 2012).
This may have somehow influenced strength
parameters OB, SB, AB and PR recorded to have
higher variability at the beginning of April 2012
(on the day S2). Besides, positive influence of the
test substance was lowest in 2012, being observed
only at the end of April. Such results might result
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from highly variable and unfavourable weather
conditions in late winter. Thus, the negative
effects of the extremely cold period in February
2012 were not compensated with A. brasiliensis
extract treatment before the end of April. Better
results were observed in years with optimal winter
and spring climatic conditions (2011 and 2013)
when as early as first spring A. brasiliensis extract
treatment positively influenced brood rearing and
adult population growth (OB, SB and AB) at the
beginning of April (on the day S2). However, on
day S3 (the end of April) three strength parameters,
including honey yield, were significantly higher in
the treated colonies in 2011 and 2012 (favourable
and unfavourable climate, respectively), and only
AB in 2013 (favourable conditions). This is another
evidence that the effect of 4. brasiliensis extract was
not consistently influenced by weather, contrary to
pollen supplementation (Mattila and Otis 2006),
which enhanced honey yield only when spring
foraging had been heavily reduced by unfavourable
weather condition.

Positive effects of A. brasiliensis extract
in this study were mainly observed in April
indicating the benefit of both spring treatments. In
contrast, autumn treatment has not proved helpful,
except in the third year of the experiment, when
a slightly positive effect was recorded following
the first spring treatment. Whether higher doses
of A. brasiliensis extract in autumn treatment may
express a better stimulative effect remains to be
investigated in the future.

In conclusion, A. brasiliensis extract is safe
for the bees and helps maintaining strong colonies
when supplemented at a dose of 100 mg/kg/day,
especially in spring. Brood rearing and adult
population growth are more susceptible than
productive capacity (honey and pollen reserves)
to its positive influence in spring. Before we
recommend A. brasiliensis extract for routine
use in beekeeping, it may be worth testing higher
doses, particularly in autumn, in order to achieve
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higher efficiency noticeable during the first spring
treatment. Finally, further research is necessary to
reveal the mechanisms underlying the effect of 4.
brasiliensis extract on honey bees.
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