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Greater wax moth control in apiaries can be improved by 
combining Bacillus thuringiensis and entrapments
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Introduction

Conclusion

The GWM is a pervasive pest of honey bee colonies worldwide, especially Apis cerana cerana, a bee species indigenous to China, which is vulnerable to GWM. The larvae of
GWM have destructive feeding habit and can feed on combs, causing significant damage to beehives and resulting in economic losses. At present, various methods have
been proposed as alternatives for GWM control, and the use of biological agents, particularly toxins from the bacterium Bt, has emerged as a potential solution. Although
the potential of Bt against GWM has been acknowledged, several issues hinder its widespread adoption. Thus, the application of Bt-based biological control of GWM in
beehives is still rare.

Methods
Bioassay of Bt against GWM larvae: Using the self-established bioassay method, and spraying on or pressing into the comb to determine insecticidal activity of Bt to the GWM larvae.
Screening lures for the GWM larvae: In the Y-type olfactometer, six choice tests were performed with the 1st - 2nd instar GWM larvae, including (ⅰ) dark comb vs. beeswax; (ⅱ) dark
comb vs. honey; (ⅲ) dark comb vs. pollen; (ⅳ) beeswax vs. honey; (ⅴ) beeswax vs. pollen; and (ⅵ) pollen vs. honey.
Indoor and field trapping experiments: Indoor experiments, two entrapment A (trapping device containing lure A + BiotGm) and entrapment B (trapping device containing lure B +
BiotGm) were tested in pollination boxes, and GWM larval survival and comb loss were measured. Field tests used entrapment A in three Apis cerana cerana apiaries, to assess GWM
damage for colonies and calculate the control efficacy of entrapment A against GWM.

Results

We design an entrapment method consisting of a lure for GWM larvae, a novel Bt
strain BiotGm (with high insecticidal activity), and a trapping device that prevents
bees from contacting the lure. All results find that this method reduces the
population of GWM larvae in both laboratory and field trials, and the field control
effectiveness of the entrapment against GWM was over than 93%.
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Using the self-established bioassay method to determine acute oral toxicities of Bt to the GWM larvae. Trapping device that prevents bees from contacting the lure. The materials and fabrication process for the preparation of biocontrol entrapment.

BiotGm exhibits high insecticidal activity against GWM larvae 

A new entrapment (lure for GWM larvae + BiotGm and matching a trapping devicethat prevents bees from contacting the lure)
effectively controlled GWM larvae in both laboratory and field trials.

Activity of spraying Bt on comb against the GWM. The loss rates (a) and actual destruction situation (b) of 
combs sprayed with 5, 15, 45, and 135 µg/mL Bt solution and invaded for 4 weeks by 2nd instar GWM larvae. 

Indoor activity of the entrapment against GWM. a Setup for trapping device containing
lure and schematic of the indoor trapping experiment. b Representative images of the
attraction and control effects of entrapment after 120 days. c Survival of GWM larvae after
30 days. d the comb loss rate after 120 days employing entrapment.

Field biocontrol efficacy of entrapment against GWM. a Proportion of
comb in different GWM damage grades after finishing the trial in different
test groups for three field sites. b Changes of population size before and
after the trial in different test groups from three field sites.

Representative images of the attractive effect and control efficacy of entrapment
in field conditions.

A novel Bt strain (designated BiotGm) exhibits high insecticidal activity against GWM larvae with a LC50 = 1.772 μg/g. Furthermore, BiotGm always showed high insecticidal
activity against GWM larvae by spraying on and pressing into the comb.

Current damage status investigation of Galleria mellonella. a Worldwide distribution of the GWM. b Distribution of A. cerana cerana rearing colonies in China. Different colors or sizes indicated different population sizes. 
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Activity of pressing Bt into the foundation against the GWM. a The effect of insecticidal activity of five Bt products after continuous heating at 25, 
70, 75, 80, and 85 °C for 6 h. b The survival of 2nd instar GWM larvae exposed to the comb foundation containing Bt (4000 μg/g) for 12 days..

Indoor activity of entrapment against GWM Field biocontrol efficacy of entrapment against GWM
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Light therapy applied to bees, a game changer approach to protect bees from climate, toxicity and transport stressors
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Bee populations are threatened by increasing myriad sources of stressors, from parasites to climate change and 
insecticide use. Combined with intensive beekeeping practices and long transportation for pollination, these culminate 
in physiological stress undermining the mitochondrial function of the cell. Over time, mitochondrial dysfunction leads to 
reduced metabolism and immunity, impaired cell respiration and cell death. Glen Jeffery, Professor of Neuroscience at 
UCL (University College, London), has been studying the effect of various wavelength radiation on cells for the past 40 
years. With focus on ageing and age related retinal disease in human and how the impact of these can be avoided using 
a range of cellular, molecular and optical techniques. In 2019, the Company Beefutures joined forces with Glen´s team to 
investigate several aspects of bee health issues, suspecting that many environmental and agricultural stressors could be 
the overlooked causes of colony declines and overwintering failures. The 3 years of field research conducted in 3 apiaries 
in France and Norway have revealed shocking discoveries, pointing at a viable pathway to help bees coping with major 
climatic and toxicity stessors. It demonstrated the portability of the therapeutic effect to a complex superorganism such 
as bee colonies, linking metabolic metrics of individual bees with overall colony thermoregulation performance. With 
non intrusive, autonomous and low powered light device in hive, bees treated with light shown much higher resilience 
to stressors, higher metabolic rate and thermoregulation performance than controlled beehives. In this talk, Glen will 
give a short introduction to the main principle of photobiomodulation and his discoveries on mitochondrial function 
improvements. Glen will also present the highlights of the findings on apploying light therapy in honeybee hives in the 
context of neonicotinoid exposure, transportation of bees and climate change stressors.
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The greater wax moth (GWM), Galleria mellonella (Lepidoptera: Pyralidae), is a major bee pest that causes significant 
damage to beehives and results in economic losses. Bacillus thuringiensis (Bt) appears as a potential sustainable 
solution to control this pest. Here, we develop a novel Bt strain (designated BiotGm) that exhibits insecticidal activity 
against GWM larvae with a LC50 value lower than 2 μg/g, and low toxicity levels to honey bee with a LC50 = 20598.78μg/
mL for larvae and no observed adverse effect concentration = 100 μg/mL for adults. We design an entrapment method 
consisting of a lure for GWM larvae, BiotGm, and a trapping device that prevents bees from contacting the lure. We find 
that this method reduces the population of GWM larvae in both laboratory and field trials. Overall, these results provide a 
promising direction for the application of Bt-based biological control of GWM in beehives, although further optimization 
remain necessary.


