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“While the general toxicity of fungicides 
on adult bees is considered to be low, 
especially in comparison to insecticides, 
a number of current laboratory-based 
studies are finding sub-lethal effects 
that may impact the colony as a whole.  
[We] set out to quantify field-level 
exposures of fungicides in honey bees 
hired for orchard pollination.”
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Over the past three years, my lab has been interested 
in the intersection of pollination and orchard disease 
management.  In particular, our focus has been on honey 

bee exposure and 
behavior related 
to fungicide use in 
orchards during 
bloom.  We know 
that  orchard s 
i n  t h e  G r e a t 
Lakes region are 
vulnerable to key 
diseases in early 
spring like apple 
scab (Sutton et al. 
2014) and cherry 
leaf spot (Ogawa 

et al. 1995).  Fungicides are important tools used to protect 
them from these diseases.  We also know that honey bees are 
important pollinators of orchards, but their use in agriculture 
has been implicated as part of the bee health crisis (Pettis et al. 
2010).  How do we protect pollinators while protecting the crop 
from diseases that, if left unchecked, can ruin a crop and shorten 
the lifespan and productivity of an orchard?
 While the general toxicity of fungicides on adult bees is 
considered to be low, especially in comparison to insecticides, 
a number of current laboratory-based studies are finding sub-
lethal effects that may impact the colony as a whole.  Some 
fungicides may be interfering with gut microbes important for 
processing and digesting pollen, which is the primary source of 
protein bees need to develop from larvae into adults (Yoder et 
al. 2012, Degrandi-Hoffman et al. 2015).  Some fungicides also 
apparently interfere with the immune system, making them more 
susceptible to disease (Pettis et al. 2013, Degrandi-Hoffman et 
al. 2015, Sanchez-Bayo et al. 2016).  Some fungicides appear to 
impair learning and memory and can impact foraging and other 
behaviors (Decourtye et al. 2005, Tremolada et al. 2010).  Some 
fungicides apparently affect honey bees at the cellular level, in-
terfering with important cellular functions such as respiration, 
thermoregulation, and detoxification (Vandame and Belzunces 
1998, Gregorc et al. 2012, Glavan and Bozic 2013, Campbell et al. 
2016).  All of these can have impacts on the health and vigor of 
honey bee colonies.  From the perspective of orchard pollination, 
weak colonies provide poor pollination services.
 Given these factors, my masters student, Jacquelyn Albert 
and I set out to quantify field-level exposures of fungicides in 
honey bees hired for orchard pollination.  We screened for 
common bloom-time pesticides including chlorothalonil and 

captan, and quantified residues in honey bee workers, in pollen 
they collect and store, and in nurse bees, larvae, and wax.  This 
work will be submitted for publication in a peer-reviewed journal 
later this year; however, I thought it would be important to share 
some of this work in advance and to put it into practical terms 
for orchardists.
 As part of this work, we identified the different kinds of 
pollens that the bees were collecting to get a better sense about 
what plants they visit in addition to the orchards in bloom (Figure 
1).  We know that most animals benefit from a diverse diet, and 
honey bees are no different in this regard (Pasquale et al. 2013).  
It is well known that individual honey bees will stick with one 
particular pollen or nectar source until that source is depleted 
– this is called floral constancy.  However, at the colony level, 
there are always segments of the worker population focused on 
different plant species, so that the pollen collected for the colony 
as a whole is fairly diverse.
 What does this mean for orchard pollination?  First, honey 
bees that are actively foraging in the crop, will continue to do so 
until the crop is finished blooming.  Second, colonies with access 
to a diverse diet are going to be healthier and therefore better 
pollinators than bees from colonies with less diverse diets.  Good 
nutrition in general means honey bees are better able to cope 
with diseases and parasites, and ostensibly they are better able to 

Figure 1.   Pollen trap in use (left) and a pollen trap drawer full of bee-
collected pollen (right) that was used to determine the kinds 
of pollen honey bees collected during spring orchard bloom in 
Michigan (Photo: Jacquelyn Albert, Michigan State University). 
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metabolize contaminants like pesticides or other environmental 
toxins.  
 What can growers do?  Growers can do more to avoid or 
reduce potential contamination of these alternate pollen sources.  
In particular, our work suggests that common orchard floor weeds 
like dandelions and wild mustards are important pollen sources 
for honey bees in early spring – even before crop bloom (Figure 
2).  Considering that most orchard operations have multiple 
cultivars and often a variety of different pome and stone fruits in 
adjacent blocks, there will always be orchards at different bloom 
stages within the flight range of honey bee colonies.  
 Honey bees do not just stick to the orchards in bloom.  They 
will take advantage of a wide range of blooming plants.  Therefore, 
it is important to mow off flowers in the orchard floor before ap-
plying pesticides, regardless of the bloom stage of the orchard.  It 
is also important to calibrate sprayers so that they are applying 
pesticide where it is intended to go – if the ground is not the 
target, then nozzles aimed at the ground should be disengaged 
before making an application.
 We also found that a large part of the pollens collected by 
bees from hives next to orchards were from a wide variety of 
trees, including wild and cultivated stone and pome fruit, wil-
lows, maples, and oaks (Figure 2).  Even if a particular farm does 
not contract with a beekeeper for pollination services, it is clear 
that orchards and their surroundings are a valuable and attractive 
pollen and nectar source for bees within their flight range.  In 
other words, orchards, woodlands and hedgerows are important 
sources of pollen for honey bees in the spring.  Avoiding drift onto 
adjacent habitat by calibrating sprayers to minimize overspray 
and by applying pesticides under low wind conditions will help 
reduce contamination of pollen in adjacent non-crop trees.
 In what other ways might fungicides interfere with pollina-
tion?  Work done by others has shown that some fungicides will 
stall pollen tube growth in orchard flowers.  This is problematic, 
particularly during cool spring weather, when germ tube growth 
is already going to be slow due to ambient temperature.  On 
the other hand, some fungicides may affect the behavior of the 
pollinators themselves and how they interact with the crop.  In 
some cases, fungicides are apparently attractive – bringing more 
pollinators to the treated source (Liao et al. 2017).  In other cases, 
some fungicides are repellent and have been studied as a potential 

Figure 3.   The average number of honey bees observed (± SEM) during 
2-minute observation periods in a blooming ‘Jonamac’ block, 
24 hours after treatments were applied to evaluate effects of 
fungicides on honey bee foraging in apple (ANOVA: F = 0.138, P = 
0.934).

Figure 2.   Pollen collected by two honey bee hives in the service of tart 
cherry pollination in northwest Michigan in 2017.  Pollen samples 
were removed using pollen traps set up over 48 hours during each 
of three sampling periods.  Sampling periods relate to tart cherry 
bloom.  Pollen was identified to the genus level using molecular 
techniques.

tool for keeping pollinators out of a treated area (Solomon and 
Hooker 1989).  Most of these studies were conducted on materials 
that are no longer registered for use in orchards or have limited 
application in orchards today.
 To get a sense of whether several fungicides commonly 
used against apple scab during bloom interfere with honey bee 
foraging in apple, we ran an experiment in the spring of 2016 at 
the Michigan State University (MSU) Trevor Nichols Research 
Center near Fennville, Michigan, in a block of ‘Jonamac’ apples 
just heading into peak bloom.  Plots of three 10-tree rows were 
treated with either captan (Captan 80W, 5 lbs/acre), mancozeb 
(Manzate Pro Stik, 6 lbs/acre), fluxapyroxad+pyraclostrobin 
(Merivon, 5.5 oz/acre), or plain water, and replicated three times 
in a Latin Square design.  Commercial honey bee hives were on 
site providing pollination services within range of the experiment.  
Twenty-four hours later, under conditions favorable to honey bee 
foraging, honey bees visiting the middle rows of each plot were 
counted for two minutes to determine whether there was any 
attraction or repellency occurring with respect to the treatments.
 We did not see either a repellency or an attraction effect with 
any of the three fungicides tested against water (Figure 3).  From 
a pollination perspective, this is good news, because it means 
that none of these materials are apparently deterring honey bees 
from visiting the crop.  On the flip side, it means that honey bees 
are likely to be picking up fungicide residues in pollen at least 24 
hours after they are applied in apple or from other flowers that 
may become contaminated with these materials such as in the 
scenarios already described above.
 This work provides just a snapshot of what honey bees are 
experiencing during spring orchard bloom, and does not take into 
account what happens later in the season when hives are moved 
to other locations, either for honey production or for other pol-
lination contracts.  More work is needed to determine how honey 
bees interact with their environment in and out of agricultural 
settings and what effect this may be having on their long-term 
sustainability as a managed pollinator.  In the meantime, orchard-
ists can take an active part in minimizing harm to honey bees 
and other pollinators through orchard floor management (i.e., 
removing flowers in orchard floors before spraying) and careful 
sprayer calibration.  A step further would be to actively preserve 
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flowering trees and shrubs in woodlands and hedgerows, and to 
otherwise cultivate non-crop flowers outside of orchards, includ-
ing unsprayed cover crops in fallow areas.  
 For more tips on minimizing harm to pollinators in fruit 
crops, check out the MSU Extension Bulletin E3245, “Mini-
mizing Pesticide Risk to Bees in Fruit Crops” available as a 
free downloadable PDF at: http://msue.anr.msu.edu/uploads/
resources/pdfs/Minimizing_Pesticide_Risk_to_Bees_in_Fruit_
Crops_%28E3245%29.pdf
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