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Abstract

This review delineates the methods used to control Varroa mites and their effectiveness. Varroa mites are the most
destructive parasites of honey bees worldwide that cause a weak colony population, resulting in significant economic losses.
Varroa infestation in honey bee colonies increases the sensitivity of bees to other pathogens including viruses and bacteria.
This requires appropriate measures against Varroa mites. The most widely applied Varroa control method is the application
of chemicals by beekeepers. Due to the development of acaricide-resistance in Varroa mites and chemical residues in
honeybee products, the application of chemicals does not provide complete control against Varroa. Alternative products and
methods have been developed in recent years in order to avoid the mentioned issues. Alternative strategies include the use of
natural products such as essential oils, organic acids, and biotechnical methods such as mite-trapping. Moreover, the
combinations of different control methods in an integrated pest management program have been applied by different
researchers that are effective against Varroa mites. Consequently, economic losses can be reduced by effective treatment,
avoiding excessive chemical use and residue problems in bee products.
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Introduction

Honey bees (Apis mellifera) is usually affected by a large spectrum of bacterial, viral and fungal infection such as chalkbrood,
American foulbrood (AFB), which decrease productivity, performance, and welfare of them [15,20,24]. Varroa mites (especially
Varroa destructor) are the most destructive parasite impacting honey bee health and contribute to elevated colony loss rates
worldwide [1-3,23,40]. Today, various methods including physical, biological and chemical, are used to control the Varroa
population. Complete control of Varroa is not possible with the currently applied methods. The chemical control method is of
great importance to reduce parasite intensity. As a result of the widespread use of chemical-based drugs for Varroa control, the
beekeeping industry is facing two important public health issues. Firstly, the Varroa mites develop resistance to these chemicals
when used repeatedly. The second major problem is the presence of chemical residues in bee products [37].

There are a great number of preparations used in the chemical market to combat bee pests. The majority of these drugs are used
to control Varroa. Amongst these, synthetic chemical compounds (tau-fluvalinate, flumetrine, amitraz and coumafos), organic
acids (formic acid, oxalic acid, lactic acid) and volatile oils (thymol, carvacrol, and menthol) are most commonly used drugs
[11,15,28]. The aim of this paper is to review the application of control methods of Varroa mite.

Chemical Control

Several chemical control strategies have been devised against Varroa. The control strategies for these mites mainly based on
chemical treatments. Organophosphates, formamidine, and synthetic pyrethroids have come forth in the chemical control of
Varroa. Coumaphos, amitraz, flumethrin, and fluvalinate are the most common drugs in chemical control [37]. Frequent reports
have been received from beekeepers complaining of colony damage and a high number of Varroa mites during the winter
months. Therefore, the recommended treatment against the mites normally performs in mid and late summer [13].

Amitraz is a main member of the formamidine, a new group of acaricide-insecticides. It is generally synthesized with xylene or
petroleum products and has been around since the 1960s. Amitraz acts as an agonist of the a-2 adrenergic receptor which is a G
protein-coupled receptor located in post-synaptic adrenergic neurons [41]. Coumaphos, an organophosphate pesticide, inhibits
the activity of acetylcholinesterase enzyme (AChE), which hydrolysis acetylcholine (ACh) into choline and acetic acid. Drugs
containing coumaphos are successfully used worldwide to control both Varroa and bee lice infections in honey bees [43].
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Pyrethroids such as flumethrin and fluvalinate are highly effective in Varroa control and act on neural function by inhibiting the
Varroa mite voltage-gated sodium channel [14]. The use of synthetic drugs for controlling the parasitic mites leads to the
development of drug-resistant mites.The acaricides residues in the beehives as a result of treatment and these synthetic
compounds distort the image of pure honey [12].

Providing new treatments for Varroa control is becoming very important. The most widely used biopesticides in the fight against
Varroa are organic acids. Organic acids do not pose negative effects on the population of the queen, adult bee, and offspring in
the colony provided their use at appropriate time and dosage [11]. Formic acid (HCOOH) is the first of a homologous series of
organic acids. The use of formic acid in conjunction with integrated control systems can maintain the population of Varroa at the
desired level, confirmed as a part of integrated control in many countries [38]. The volatile nature of formic acid is used in the
control of Varroa. Its efficacy requires slow evaporation; therefore, the efficacy of formic acid depends on weather conditions,
season of application, volume of the evaporation container, and the distance between container and hatching cells. Formic acid
is successful when the air temperature is between 10°C and 25°C [9]. Even though application of formic acid using spray method
is more effective, rapid evaporation increases the toxic effects of formic acid. Consequently, application of formic acid gel can
be used to reduce the risk of toxicity [19].

Lactic acid is used as a better choice for controlling honey bee mites. Like other drugs used in classical treatment, organic acids
should be applied in early spring or late autumn when honey is not present in the hive. Otherwise, the evaporation of these acids
leaves a sour taste when honey is consumed. Another drawback of using lactic acid in mite control is the precise dosage required
in order to kill a high percentage of mites. Therefore, the dosage should be well adjusted to avoid high bee mortality [5,36].
Oxalic acid (H2C204), an organic compound found in many plants, is one of the natural products widely used as an alternative
therapy of Varroa. More than one application can increase the death of bees and may slow down the growth of colony in the
next spring [31].

Plant-Based Control

Varroa mites have developed resistance to a wide range of synthetic acaricides due to the misuse and overuse thus decreasing
the effectiveness of these synthetic acaricides [6]. Natural treatments consisting of organic acids and plant extracts are an
emerging alternative cure in controlling honey bee mites. Essential oils, highly volatile compounds are plant products found in
only specific parts or in all parts of a plant. It has been reported that many essential oils and their components are alternative to
synthetic acaricides for control of Varroa mites [4,15]. Beekeepers use essential oils obtained from the market for acaricidal
properties. About 15 plant species with acaricidal properties are used directly or by mixing with each other. Essentials oils are
inexpensive, safe and free of adverse side effects when used properly. However, their standardization is very difficult during
application [29,39].

The most common essential oils used in mite control are cinnamon oil (Cinnamomum cassia), citronella oil (Cymbopogon
nardus), eucalyptus oil (Eucalyptus globulus), peppermint oil (Mentha piperita), rosemary oil (Rosmarinus officinalis),
spearmint oil (Mentha spicata), tea tree oil (Melaleuca alternifolia), wintergreen oil (Gaultheria procumbens), neem oil
(Azadirachta indica), thyme oil (Thymus vulgaris) and lemongrass oil (Cymbopogon citratus) [15,27,32,42]. The most
commonly used components are eucalyptol, menthol, thymol, camphor, citronellal and citral [15,17,26,34]. These plant-based
substances should be used together with other integrated control methods against mites. The single application of essential oils is
often insufficient in the control of Varroa mites [4,33].

Biological Control

Biological control methods have been developed to control V. destructor without the use of chemicals. Biological Varroa control
methods include the use of the bee's biology. Desirable properties of bees selected to form a mite resistant colony include higher
hygienic and grooming activities, shorter post-capping periods, low attractiveness of the brood to mites, and low mite fecundity
factors. The selection and establishment of resistant colonies are the best and cheapest methods for the control of Varroosis [25].

As a biotechnological approach, the “trapping comb method” has been used successfully. The principle is to remove the sealed
honey bee comb hatching mites from the colonies, which can be highly effective due to the uneven distribution between the
brood mites and bee mites. Most applications focus solely on the removal of the drone brood, which can be eliminated without a
negative impact on colony size or honey production [37].

Pollen trap is a device made of plastic or metal placed in or under the hive entrance where bees returning from the field can
hardly pass. At the entrance of the hive, the bees passing through the holes in the pollen traps leave the load of pollen, Varroa
mites get trapped in most cases, separated from the bees, and fall from the trap screen. A study on the efficacy of pollen traps for
controlling Varroa (V. destructor) showed that using pollen traps alone increased mite capture over control, and colonies with
pollen traps produced higher honey yields than those without pollen traps. This method alone is not highly effective; however, it
is useful to apply together with other methods [18].
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Wire cage and drawer bottom application are Varroa control methods based on inserting a collection tray to hold any mites
falling. Approximately 20% of adult mites in recently mature bees will fall to the bottom of the hive within the first three days.
In order to catch the falling mites, a deep removable tray to the bottom board of hives and a wire grid where bees cannot pass
but Varroa mites can pass is placed on the top of the tray. The mites fall under the wire cage failing to cross over to the bees and
die of cold and starvation. The deep tray is not a stand-alone treatment to control mite populations, they must be used in
conjunction with other mite control treatments [7,8].

Other biological methods include work-intensive applications like heat treatment. Varroa mites are more sensitive to
temperatures above 34°C than bee larvae and pupae. The optimal temperature for development of the mites is between 32.5 and
33.4°C. The reproduction ability of female mites is significantly reduced at temperatures above 36.5 °C, and mites above 38°C
die without reproduction [44]. This method seems to be impractical in commercial beekeeping.

Colony management techniques provide many advantages in combating the mites. VVarroa mites prefer to drone brood. The
ability of young queen bees to lay low ratio of unfertilized eggs provide to reduce the number of drone brood thereby depressing
the number of Varroa mites in the hive [8]. Especially when the queen replacement is mixed with other Varroa combat methods,
the bees will not only be successful in the fight against Varroa but will also have the young queen bee for the coming season.
When sufficient autumn feeding is made in the Requeen colonies, the production of the brood in the colonies can be increased
and the colonies can be overwintered successfully [30]. Also, limiting the drone production by removing the drone brood areas
on the honeycomb is a method of reducing the number of Varroa mites and can serve as a valuable component in an integrated
pest management program for control of Varroa mites [35].

Entomopathogenic fungi have been used for the biological control of pests as environmentally friendly alternatives to chemical
insecticides [16]. Entomopathogenic fungi such as Metarhizium anisopliae (MetschinkoV; Deuteromycetes: Hyphomycetes),
Hirsutella thompsonii can infect insects and mites including V. destructor through specialized spores and grow within the
hemocoel and soft tissues of the host, killing the hosts. Moreover, no residue was seen in the honey in addition to no undesirable
effects on worker bees especially the queen bees. Microbial control with fungi can be a useful component of an integrated pest
management program for controlling Varroa mites [21,22].

Conclusion

Several chemicals like coumaphos, fluvalinate have been widely used for control of Varroa mites. The alternative strategies
against the use of the chemicals with residual and resistance problems are organic acids, plant products, biological control, and
mechanical methods. However, no method alone is successful in Varroa control. Using these methods together in an integrated
pest management strategy for control of Varroa mites can improve treatment success. Also, economic losses can be reduced by
being treated more effectively, avoiding excessive chemical use and residual problems in bee products.
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