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			Abstract | The experiment was conducted at University College of Agriculture, University of Sargodha, Sargodha during 2015. The apiary had 20 Langstroth standard colonies of Apis mellifera naturally infested with Varroa destructor. Varroa destructor (Anderson and Trueman) is the most destructive pest of honeybees and a major threat to beekeepers in different areas of the world. Many control measures including application of chemicals, are adopted to control the infestation of mites in honey bee colonies. Chemical are still the most effective option; however, they pose different threats; due to which they should be alternated with non chemical options. Natural acaricides are considered important alternative control measure for Varroa mites. This study was planned to check the efficacy of different essential oils (Lemon oil, Eucalyptus oil, Wintergreen oil, Orange oil and Neem oil) in different concentrations against percent mortality of Varroa mites. The essential oils were applied at different concentrations (100 ppm, 200 ppm and 400 ppm) and percent mortality data were recorded after 12, 24, 48 and 72 hrs of the application. The results of present study were showed that lemon oil and eucalyptus oils were best compounds to manage Varroa mites at 200 ppm concentration. Percent mortality of Varroa mites was 59.2% and 58.3%, respectively after 72 hrs. When selected essential oils with different concentrations were applied against Varroa, no mortality of bees was observed. Neem oil gave (90%) significant control at 400 ppm concentration. There was no significant mortality observed in winter green oil. So, the neem oil, eucalyptus oil and lemon oil can be used against Varroa mites to improve the production of honey.
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			Introduction

			 

			Honeybee Apis mellifera L. is the most important insect that have benefited mankind for medicinal and nutritional purposes for thousands of years. A. mellifera is of great economic importance to agriculture not only for honey production but also for crop pollination (Klein et al., 2007). A number of insect-pests and microbes attack on honeybees. Among these insects pest, few mite species have been recorded as a parasite on the brood and adults of honeybees (Mahmood et al., 2011). Among these ecto-parasites, Varroa destructor is posing great threat to the beekeeping industry in Pakistan, since the last two decades (Saleem et al., 2008). The parasitic bee mite, V. destructor (Anderson and Truman) is causing serious complications in beekeeping all over the world. The mites can easily be observed on adult bees, brood and in hive debris. Pupae cannot develop into adult form in case of heavy infestation (Shimanuki and Knox, 2000). Different pathogens such as acute bee paralysis virus, deformed wing virus, and fungi are probably transferred to bees by Varroa (Chen and Siede, 2007). It also reduces colony ability to pollinate plants (De Jong et al., 1984).

			 

			The repetition of pesticides exposure to mites caused severe problems in bees such as pesticide toxicity to bees and increased probability of disease-resistance (Watkins, 1997). Natural acaricides offer a desirable alternative to synthetic pesticides, tending to have low mammalian toxicity and little environmental effects. Organic acid and essential oils or essential oils compounds are the most known natural products with acaricidal activity (Eguaras et al., 1996).

			 

			Essential oils are defined as any vol­atile oil that have strong aromatic components and give distinctive odor, flavor or scent to a plant (Koul, 2008). These are the by-products of plant metabolism and are commonly referred to as volatile plant secondary metabolites. The aromatic characteristics of essential oils provide various functions for the plants including attracting or repelling insects (Koul et al., 2007). 

			 

			It is well known that many essential oils and their components exhibit acaricidal activity. Different component of essential oils was tested for their activity against Acarapis woodi (Baggio et al., 2004). Because of the promising activity of the essential oils, against Varroa mite, many studies have been conducted to find out the effective monotepenoidal component in the essential oils (Calderone and Spivak, 1995). The eu­calyptus oil is a complex mixture of a variety of mono­terpenes and sesquiterpenes, aromatic phenols, oxides, ethers, alcohols, esters, aldehydes and ketones (Dehghani-Samani et al., 2015). Neem oil contains oleic acid, stearic acid, linoleic acid, nimbin and salannin (Mishra et al., 1995). The main chemical components of lemon oil are α-pinene, camphene, β-pinene, sabinene, myrcene, α-terpinene, linalool, β-bisabolene, limonene, trans-α-bergamotene, nerol and neral (Khani et al., 2012).

			Several synthetic acaricides have been applied to hives in order to control Varroa mites but, due to the widespread misuse of chemical treatments, several cases of resistance and contamination of hive products have been reported (Pettis, 2004).

			 

			Natural products such as essential oils offer a highly desirable alternative to synthetic products (Bakar et al., 2018). Products of botanical origin have shown a wide range of biological activities including toxicity, repellence, and antifeedant effects in parasites and growth regulatory properties (Damiani et al., 2011).

			 

			Keeping in view the serious threat of Varroa mite in the beekeeping and several constraints in its control, the present investigation was carried out to develop the safer and effective management option for the mite population by using some essential oils with their advantages of low cost and low health and environmental hazards for both consumers and bee keepers. 

			 

			Materials and Methods

			 

			This experiment was conducted in the research laboratory of Department of Entomology, College of Agriculture, University of Sargodha, Sargodha. Five essential oils/ chemical were purchased from Musa Jee enterprise, Sargodha, Pakistan. (neem oil, lemon oil, eucalyptus oil, winter green oil and orange oil) and applied at dose rate of 0.25 ml (per treatment) with concentration of 100 ppm, 200 ppm and 400 ppm. One µl of essential was added in 9.99 ml of acetone by using micro liter pipette to make 10 ml volume of solution for 100 ppm concentration (El-Zemity et al., 2006). Similarly 200 ppm and 400 ppm concentration were prepared. 

			 

			Ten worker bees of A. mellifera infested with Varroa mites were collected for each treatment from Apiary which contained 20 hives at College of Agriculture, University of Sargodha, Sargodha. The number of Varroa mites on the selected bees was also counted carefully by naked eye. The plastic jars (15 cm × 8 cm) were used for this experiment. The selected bees infested with Varroa were kept inside plastic jars for each treatment. A simple cardboard (2 × 2 cm) soaked in each concentration of the test substance was hanged by means of appropriate wire inside the jar. A screen mesh (8cm) was placed above 2 cm from bottom of each jar that allowed dead mites to fall through to a sticky paper placed below. Bees were served on sugar solution for 24 hrs.

			 

			 

			 

			Table 1: Analysis of variance regarding percentage mortality of Varroa mites by using different essential oils.

			 

			
				
					
					
					
					
					
					
				
				
					
							Source
							DF
							SS
							MS
							F Valve
							P Valve
					

					
							
							Essential oils

						
							
							4

						
							
							6426.1

						
							
							1606.5

						
							
							7.56

						
							
							P<0.001

						
					

					
							
							Time

						
							
							3

						
							
							43094.5

						
							
							14364.8

						
							
							67.55

						
							
							P < 0.001

						
					

					
							
							Dose

						
							
							2

						
							
							11040.0

						
							
							5520.0

						
							
							25.96

						
							
							P < 0.001

						
					

					
							
							Treatment × Time

						
							
							12

						
							
							2337.1

						
							
							194.8

						
							
							0.92

						
							
							P > 0.1

						
					

					
							
							Treatment ×  Dose

						
							
							8

						
							
							1400.2

						
							
							175.0

						
							
							0.82

						
							
							P > 0.1

						
					

					
							
							Time × Dose

						
							
							6

						
							
							4282.0

						
							
							713.8

						
							
							3.36

						
							
							P < 0.01

						
					

					
							
							Treatment × Time × Dose

						
							
							24

						
							
							2681.3

						
							
							111.7

						
							
							0.53

						
							
							P > 0.1

						
					

					
							
							Error

						
							
							120

						
							
							25517.0

						
							
							212.6

						
							
							 

						
							
							 

						
					

					
							
							Total

						
							
							179

						
							
							96779.1

						
							
							 

						
							
							 

						
							
							 

						
					

				
			

			

			0.01=Significant, 0.001=Highly significant.

			 

			Table 2: Means ± SE of interaction between time intervals and concentrations against Varroa mites.

			 

			
				
					
					
					
				
				
					
							Time
							Dose
							Mean
					

					
							
							72 HAT*

						
							
							100 ppm

						
							
							37.71±3.96bc

						
					

					
							
							200 ppm

						
							
							51.21±3.09b

						
					

					
							
							400 ppm

						
							
							74.18±3.9a

						
					

					
							
							48 HAT

						
							
							100 ppm

						
							
							29.16±3.7cde

						
					

					
							
							200 ppm

						
							
							37.50±3.1bc

						
					

					
							
							400 ppm

						
							
							50.73±2.0b

						
					

					
							
							24 HAT

						
							
							100 ppm

						
							
							18.49±2.5def

						
					

					
							
							200 ppm

						
							
							23.39±2.9cdef

						
					

					
							
							400 ppm

						
							
							32.07±2.5b

						
					

					
							
							12 HAT

						
							
							100 ppm

						
							
							10.66±1.81f

						
					

					
							
							200 ppm

						
							
							13.62±2.03ef

						
					

					
							
							400 ppm

						
							
							15.17±1.91def

						
					

				
			

			

			* HAT= Hours after treatment application; Means sharing similar letters are not significantly different from each others.

			 

			Evaluation of the tested materials and techniques were based on the mortality percentage and it was calculated through the modified (Abbott, 1925).
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			Where;

			n= Insect population; T= treated and Co = control.

			 

			The mites mortality data were recorded after 12, 24, 48 and 72 hours after treatment by counting the number of fallen mites on the bottom of the jars. 

			 

			Data analysis

			Percentage of mortality was calculated by Abbott’s formula. Three factor factorial under Complete Randomized Design was used to analyzed the data of percent mortality of Varroa mites. Essential oils, time interval and concentrations were independent variables and percent mortality was considered as dependent variables. Means were separated by using Tukey HSD all pair wise comparison test. All the experimental analysis was performed using Minitab 16.1 software.
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			Figure 1: Percent mortality of Varroa mites after application of essential oils at different time interval.
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			Figure 2: Percent mortality of Varroa mites against different essential oils at 100 ppm concentration.

			 

			Results and Discussion

			 

			Analysis of variance regarding percent mortality of different essential oils against Varroa mites showed that treatment (F=7.56, P<0.001) time (F=67.55, P<0.001) and dose (F=25.96, P<0.001) were significant. Similarly, the interaction between time and dose (F=3.36, P<0.01) showed significant results (Table 1). Maximum percent mortality was observed (74.18 %) with 400 ppm concentration after 72 hours for all treatments. Minimum mortality was observed (10.66 %) with 100 ppm concentration at 12 HAT (hours after treatment) (Table 2). Percent mortality increase with the passage of time in all selected essential oils (Figure 1). By using 100 ppm concentration the percent mortality (45 %) was recorded high in lemon oil after 72 hours which was significantly different from others. Minimum mortality (20.8 %) was observed in winter green oil at 100ppm after 72 hours. (Figure 2). At 200 ppm concentration significant mortality percentage was observed (59.2 %, 58.9 %) in lemon oil and eucalyptus oil, respectively which was significantly different from other treatments after 72 hours (Figure 3). In case of 400 ppm concentration neem oil gave significant results (90 %) after 72 hours, but the results were not significantly differ from lemon oil and eucalyptus oils which also proved as effective with percent mortality 87.5% and 83.3%, respectively. Overall minimum mortality was observed in case of wintergreen oils (Figure 4). The percent mortality was observed maximum at higher concentrations of each treatment.
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			Figure 3: Percent mortality of Varroa mites against different essential oils at 200 ppm concentration.
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			Figure 4: Percent mortality of Varroa mites against different essential oils at 400 ppm concentration.

			 

			Varroa mites have been controlled by using synthetic acaricides to infested colonies which were applied in formulated plastic strips. Recently, resistance to acaricides has become a major problem in the control of Varroa mite (Bakar et al., 2017). Use of synthetic lipophilic acaricides has led to the accumulation of residues in beewax, propolis and in honey, which is harmful for human health. But now a days, recommendation about chemical control are being changed to new products like essential oils (Mahmood et al., 2014). Because resistance developed in Varroa mites against chemicals therefore essential oils are good alternative to manage Varroa mites (Bakar et al., 2017). Superior better the results of our study showed that all essential oils except winter green oil proved best to control Varroa mites. At 100 ppm concentration the percentage mortality was maximum in lemon oil. Similarly, at 200 ppm concentration lemon oil and eucalyptus oil gave significant control of Varroa mites. Neem oil proved as the best to control Varroa mites at 400 ppm concentration. Essential oils proved to be a better control option for the control of Varroa mites as it being degradable in nature, target specific and less resistance as compared to synthetic pesticides (Gerard et al., 1997). Our results are also in favor of (Calderone et al., 1997) who suggested that essential oils are best compound to maintain infestation of mites below economic injury level. Essential oils ceased the natural intestine movement due to which insect can no longer feed (Blaney et al., 1990). According to (El-Zemity et al., 2006) eucalyptus and lemon oil were found to the best compound to manage Varroa mites. Similarly, according to (Bunsen, 1991) neem oil proved to be best compound against Varroa mites. 

			Essential oils have several modes of action including repellency and anti-feedant activity, disruption of molting and cuticle, as well as retardation of growth and fecundity (Cosimi et al., 2009). Lemon oil and eucalyptus oils have fumigant activity against mites (Miresmailli et al., 2006). Among the various components of eucalyptus oil, 1, 8-cineole is the most important one. In fact, it is a char­acteristic compound of the genus Eucalyptus which is largely responsible for a variety of its pesticidal properties and insecticide effects (Batish et al., 2008). Neem oil provides repellant, anti-hormonal and anti-feedant properties. Salannin in the neem oil provides repellant properties (Blaney et al., 1990). General insect mortality is dose and exposure time dependent. In present study percentage mortality increased with increase in time interval. With the passage of time the toxicity of essential oils against Varroa mites increase and proved more potent against Varroa mites. Due to application of essential oils at different concentrations, a significant mortality of mites was observed. Furthermore, these oils did not affect the bees population.

			 

			Conclusions and Recommendations

			 

			The finding of present study showed that the investigated essential oils particularly neem, lemon and eucalyptus oils are optimistic as safe natural products against Varroa mites. These chemicals are available in the market and are cheap and safe to the environment.
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Introduction of insect-pests and microbes attack on honeybees.
Among these insects pest, few mite species have
been recorded as a parasite on the brood and adults

I I oneybee Apis mellifera L. is the most important
of honeybees (Mahmood et al., 2011). Among these

insect that have benefited mankind for

medicinal and nutritional purposes for thousands of
years. A. mellifera is of great economic importance to
agriculture not only for honey production but also
for crop pollination (Klein et al., 2007). A number

ecto-parasites, Varroa destructor is posing great threat
to the beekeeping industry in Pakistan, since the last
two decades (Saleem et al., 2008). The parasitic bee
mite, V. destructor (Anderson and Truman) is causing
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