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Methods
To assess the potential impacts of the

azoxystrobin-based fungicide Ortiva on

the colony development of bumblebees

(Bombus terrestris), we conducted a

highly replicated dose-response

experiment with a unique study design.

Bumblebee colonies with the possibility to

forage freely were fed with syrup spiked

with different concentrations of Ortiva for

10 days. To mimic pesticide degradation,

the concentrations declined in the first 4

days and then a constant dose was used.

Figure 1 | A: Azoxystrobin concentration administered to syrup samples placed in 

bumblebee nests. Circles indicate measured azoxystrobin concentrations in nectar 

collected from honeybees of two colonies foraging on oilseed rape treated with Ortiva8. 

Factor 1 represents a field-typical sequence of concentrations that was determined by 

taking the daily mean azoxystrobin concentration of these observed values within the 

first 4 days. Afterwards a constant concentration was used. All other doses are 

multiples of this set of field-typical doses as indicated by the factor. B: Maximum 

azoxystrobin residue concentrations reported per study until mid-2021. 

Discussion and conclusion
Exposure to the azoxystrobin-based fungicide Ortiva showed negative effects on

Bombus terrestris colonies but only in colonies feeding on syrup spiked with 4-times

the field-typical concentrations. Field-typical concentrations were based on residues

in honeybee-collected nectar, where Ortiva was applied on oilseed rape with the

Dropleg method that typically results in lower residue levels than conventional spray

methods8. Nonetheless, based on residue levels reported in the literature (Fig. 1B), it

seems unlikely that bees often encounter oral residue levels 4-times the maximum

field-typical concentration. Also, no effects were determined on colonies receiving

the highest concentration (factor 8). Previously, azoxystrobin down-regulated genes in

honeybees whereby effects at the highest dose were more short-lived than at an

intermediate dose5, suggesting that high doses potentially trigger quicker

degradation processes. Even the intermediate dose, was above field-realistic levels,

but field-realistic semi-field studies found negative effects of Amistar, which is

identical in composition to Ortiva, on bumblebees3,4 – effects varied however

between food resources4. Our findings illustrate the importance of dose-response

experiments and a need to study mechanisms of pesticide effects depending on the

exposure route.
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• Bombus terrestris colonies were fed different concentrations of the azoxystrobin fungicide Ortiva

• Fungicide degradation was mimicked and multiple factors applied to create a realistic dose-response experiment

• Negative impacts on colony growth were only found for 4-times the field-typical concentration, but not for lower or higher concentrations

• Inconsistent impacts in this study and the literature might suggest that at very high concentration faster degradation is triggered and that the exposure route matters H
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Introduction
Fungicides are often applied to flowering crops despite their potential to negatively

affect bees. Azoxystrobin is a systemic fungicide that is applied to a wide variety of

crops globally1,2. Recent studies suggest that azoxystrobin can harm bees at field-

realistic concentrations but effects were inconsistent between bee species, crops and

studies3–7. Contrary results may in part be due to subtle differences in exposure levels.

Figure 1 | Fungicide exposure. 

Syrup spiked with Ortiva (except control) 

placed inside nest and often exchanged

One set of colonies received a field-typical sequence of doses (1170 ppb, 656 ppb, 70

ppb, 16 ppb on days 0-3, respectively and 5 ppb on days 4-9) and additional sets of

colonies received either a multiple or a fraction of these concentrations

(concentration factors: 0, 0.5, 1, 2, 4, 8; Fig. 1). Per concentration factor, seven

commercial B. terrestris colonies were used (i.e., 42 in total).

Results
Preliminary results show:

• No difference in overall syrup consumption across the experiment between

Ortiva-exposed and control colonies (P>.07, Dunnett-test; Fig. 2A).

• Colonies exposed to 4-times the field-typical concentration decreased their

syrup consumption over time (P=.03; Fig. 2A), gained less weight (factor 4 vs 0:

P=.01; Fig. 2C) and ended the experiment with 3 times as many (i.e. c. 8 more)

dead bees than control colonies (P=.01, Dunnett-test; Fig. 2B)

• Control colonies consumed initially less syrup than some Ortiva-exposed

colonies (factor 1 vs factor 0: P=.04, factor 4 vs 0: P=.02; Dunnett-test), but syrup

consumption of control colonies increased over time (P=.01).

• Ortiva-exposed colonies, did not differ from control colonies in initial or final

number of alive bees (P>.3, Dunnett-test; Fig. 2D).

• On day 1, azoxystrobin residues were found in bees sampled from within nests

receiving at least twice the field-typical concentration (factor 2: 14 ppb; factor 4:

16; factor 8: 26 ppb), while in groups exposed to lower concentrations no

azoxystrobin was found (limit of detection/quantification = 10 ppb).

Figure 2 | A: Daily syrup consumption per bee, B: the number of alive bees per

colon, C: colony weight, and D: cumulative number of dead adults in relation to

time and the concentration factor (multiple of a field typical fungicide degradation

curve). Dots indicate observations, lines show estimated marginal means obtained

from (G)LMMs and shaded areas depict 95% confidence intervals.

Feel free to ask me details, on the conference or by

email: dimitry.wintermantel@nature.uni-freiburg.de
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