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Objectives: 
 
In this study, my objectives are to:  
 
1. Determine whether essential oils fed to bee larvae in a laboratory setting 

reduce varroa mite reproduction 
2. Compare efficacy, and quantify the optimal dose, of essential oils for 

suppressing mite reproduction 
3. Determine whether essential oils fed to bees in a colony reduce varroa mite 

reproduction 
 
Interpretive Summary:  
 
Rational 
Many studies have shown that essential oils can reduce varroa mite populations at 
efficacies up to 90% (Ali et al. 2003, Ariana et al. 2002, Calderone and Spivak 
1995, Fassbinder et al. 2002, Imdorf et al. 1999 and 1995, Kraus and Berg 1994, 
Mattila and Otis 1999, 2000, Melathopoulos et al. 2000 and 2003, Noel et al. 2002, 
Rice et al. 2002, Ruffinengo et al. 2002, Sammataro et al. 1998, Shenk et al. 2001, 
Whittington et al. 2000). Recently ApiGuard and ApiLifeVar have been registered 
in the US (one federally and one as section 18 by individual States). In both 
medications, the main ingredient is thymol, the chemical from thyme oil. Despite 
these studies and the registrations, the mechanism of how mites are reduced by 
essential oils is not well understood. Undoubtedly essential oils can kill adult varroa 
mites by direct contact as well as by vapor, as evidenced by laboratory tests (e.g. 
Lindberg et al. 2000, Melathopoulos et al. 2000). In addition, it is possible that 
essential oils can also kill adult mites on brood, or reduce their reproduction. This 
is done either through ingestion of oil from larval food, or through oil vapor across 
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wax capping into sealed brood cells. To my knowledge, these potential effects of 
essential oils on varroa mites have not been studied. There is preliminary evidence 
that micro-encapsulated or emulsified essential oils (developed by S.A.F.E. 
Research & Development, LLC, Tucson AZ) applied to the colony or fed to the 
larvae also reduced mite populations (unpublished study, Gorden Wardell). This 
suggests that the oils are being fed to the larvae by nurse bees. These essential 
oils might circulate in the larval hemolymph. They can either deter mite feeding, or 
are picked up by the feeding mites and then reduce their reproduction. In this study 
I will determine whether unprocessed or “derivatized” (micro-encapsulated and/or 
emulsified) essential oils can cause mortality or reduce mite reproduction in honey 
bee brood. 
 
Research Plans 
 
Experiment 1. Laboratory Study. Determine whether essential oils fed to bee 
larvae in a laboratory setting reduce varroa mite reproduction; and compare 
efficacy and quantify the optimal dose of essential oils for suppressing mite 
reproduction. We will use the above-mentioned in vitro rearing method to assess 
the effects of several essential oils. The whole oil and derivatives of cineole, clove, 
origanum, lemon, lemon-grass, and thymol, will be the main oils to be tested. 
They are selected because of their higher efficacy in killing adult mites in other 
studies (Lensky et al. 1996, Calderone et al. 1997, Imdorf et al. 1999, G. Wardell, 
unpublished data). Combinations of these oils will also be evaluated. Of these that 
shows the highest efficacy, we will also assess the optimal dose of essential oils for 
causing mite mortality and suppressing mite reproduction. LC50 for honey bee 
larvae will also be assessed to make sure the effective dosage does not harm 
honey bees.  
 
Experiment 2:  Colony Level Study. Determine whether essential oils fed to 
bees in a colony reduce varroa mite reproduction: artificial feeding to patches 
of brood. A patch of four-day-old larvae (n = 500) will be selected, and 100 per 
group will be randomly selected to receive one type of essential oils or a control 
(vegetable oil). The time of brood capping will be precisely determined, and those 
capped during the most recent six hours will receive a mite harvested from a mite 
source colony (n = 50 mites for each group). The mite-introduced brood will be kept 
in an incubator (35°C, RH 75%). Ten days later, the cells with introduced mites will 
be uncapped and the contents carefully examined. We will record whether the 
mother mite is alive, how many offspring she has (eggs, nymph and adults of male 
or female mites), and the location of mite defecation. These data will help 
understand the mode of action of essential oils in reducing mite population. The 
experiment will be repeated for either straight, or encapsulated or emulsified of 
each oil, and repeated across 3-4 different source colonies. 
 
Experiment 3:  Colony Level Study. Determine whether essential oils fed to 
bees in a colony reduce varroa mite reproduction: whole colony treatment.  
We will use the most effective oil and derivatization combination based on results 
from previous studies. Honey bee colonies (n = 10 colonies) with high mite 
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infestations will be treated with essential oil (mix provided by S.A.F.E. Research & 
Development, LLC, Tucson AZ) or without any chemicals (control group, n = 10 
colonies). After 30-40 days of treatment, both worker and drone brood that are 
about one day before emergence will be used to assess mite reproduction in the 
laboratory. These frames were previously caged with the queen to precisely 
determine the age of brood. To assess mite reproduction, the cell capping will be 
carefully removed and the pupae (dark-eyed stage) extracted and observed for 
mites. The number, the status (alive or dead), and the stage of mites (egg, 
protonymph, deutonymph, and adult) will be recorded for each mother mite. From 
this data, the mortality of mites, rate of reproduction, and the average number of 
offspring can be calculated in the two groups of colonies. Oils can affect mite 
mortality and reproduction in two different pathways. Nurse bees can feed or 
“track” the oil to larval food, or oil vapor can transmit across the wax capping into 
brood cells. To separate the two, newly sealed brood (within eight hours) will be 
exchanged between the two groups of colonies. If mite reproduction is still 
depressed in brood cells sealed in a control colony but transferred to a treated 
colony, this suggests that oil vapor can penetrate wax capping to reduce mite 
reproduction. Conversely, if mite reproduction is still reduced in the reverse 
transfer (mites sealed in oil treated colonies but transferred to control colonies after 
cell is capped), then transfer of oil from nurse bee to larvae is more important. 
Newly sealed brood is obtained by mapping partially capped brood cells at one 
time period, and comparing the capping status with the map six hours later. Any 
previously open cells capped at the second time must be capped within the last six 
hours. Mapping will be done on a piece of transparency paper. This method has 
been used successfully when I was studying mite reproduction in China (Zhou et 
al, 2001). We will also monitor the number of mites in the entire colony to 
determine if reduction in mite reproduction in laboratory studies translates to less 
mite population in the colonies. 
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