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Abstract.- To evaluate the acaricidal effects of some plant oils and tobacco extract on Varroa destructor mites,
a study was conducted in laboratory as well as in bee hives at Honeybee Research Institute, NARC, Islamabad. In the
lab experiments, clove oil and tobacco extract both proved to be equally effective against mites. The treatments were
significantly effective when applied in 5% as compared to 10 and 15% concentrations. The most effective
combination was clove oil and tobacco extract when used in 5% concentration for 24 h. In the field experiment all the
oils/extract individually and in combinations confirmed clove oil + tobacco extract (T14) the best combination with
96.48±0.52 efficacy. The honey produced in kg was found maximum 20.5±0.29 in treatment T14. The highest number
of fallen Varroa mites 381.67±24.31 was also occurred in T14 treatment and difference between the treatments was
highly significant. No queens were lost and there was no adult honeybee mortality in any of the colonies during the
experiment. A Completely Randomized Design (CRD) was applied to all laboratory and field experiments. It was
concluded that clove oil + tobacco extract (T14) can play an important role in an integrated pest management program
to control Varroa mite in honeybee colonies.
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INTRODUCTION

In

Pakistan, beekeeping is a profitable
business. It is reported that there are more than
4,000 beekeepers rearing Apis mellifera in the
beehives, about 400,000 colonies of A. mellifera has
been producing 10,000 MT honey annually and
27000 families are being benefited from beekeeping
(PARC, 2010-11).
Just after the introduction of A. mellifera in
Pakistan during 1977-78, Varroa destructor mite
became a serious pest of A. mellifera and attacked
over a large number of honeybee colonies (Ahmad,
1988). Like other animals honeybees are also
affected by various pests and diseases. One of the
most common pests is V. destructor that provokes
big losses in apiculture. It feeds on haemolymph of
larva, pupa and adult bees during the whole life.
(Anderson and Trueman, 2000).
3.2% oxalic acid alone and with 4g thymol
was very effectively control Varroa mite and can
be used without any side effect during broodless
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condition. No queens were lost, and there was no
adult honeybee mortality in any of the colonies
(Rashid et al., 2012a,b,c). The powdered form of
thymol (4g) and the formic acid 65% (20ml) were
applied 4 times at weekly interval in honeybee
colonies with brood. It was found out that formic
acid killed significantly higher number of mites as
compared to thymol (Rashid et al., 2011). Formic
acid and thymol are effective for the control of T.
clareae without any side effect (Raffique et al.,
2012).
Worm wood flowers, clove oil and
peppermint oil can be considered promising agents
for the control of V. destructor. Good results can be
obtained when the above materials are used two to
three times each month during the infestation
period. Effective time of application depends on the
mite level of infestation and the life cycle of the
mite. The natural control agents used seemed to
have no adverse effects on bees (Al-Abbadi and
Nazer, 2003).
The control of Varroa is especially difficult
as the majority of mites stay in the sealed brood for
reproduction and are therefore well protected from
different forms of treatment (Hoppe et al., 1989).
The control of Varroa mite is based mainly on the
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use of synthetic acaricides especially pyethroids.
Nevertheless, the repeated use and in many cases
sub lethal doses of these substances throughout
years has caused problems, such as their application
within the hives tends to contaminate the wax and
honey. Furthermore, the mites can develop
resistance against these chemicals (Milani, 1995).
In this context, the present work was carried
out to evaluate the efficacy of plant oils i.e. clove,
neem, garlic and olive and tobacco extract used
alone and in combinations for the control of Varroa
mite on honeybees in lab and field. These natural
materials generally have no side effects on
honeybees and are less hazardous to beekeepers.
MATERIALS AND METHODS
The experiment was conducted at HBRI of
NARC, Islamabad. About 100 honeybee colonies
were examined for the selection of forty eight
experimental bee colonies having Varroa mite
infestation. To collect the sample (250 bees/colony)
of mite infestations of adult bee population, the
alcohol wash technique was used (De Jong et al.,
1982). The mite infestation in brood was evaluated
by opening 100 cells of sealed brood before
treatment (Burgett and Burikam, 1985) while for the
assessment of mite population in debris mite
collection trays were kept for 24 h in the bottom of
the bee colony. Mites fell in debris were counted
(Devlin, 2001). The plants oils tested for their
efficacies were neem oil (Azadirachta indica), garlic
oil (Allium sativum), clove oil (Syzygium
aromaticum), olive oil (Olea europaea) and tobacco
extract (Nicotiana tabacum). Plant oil extractions
were done by using Soxhlet Apparatus (Benthin et
al., 1999) and preparation of tobacco extracts as
mentioned by Gerard et al. (1997).
Laboratory bioassay
The compounds were assessed for their
efficacy as miticides by exposing adult mites to
volatile fumes of the oils. Adult mites were removed
from sealed brood cells of worker and drones and
placed in glass petri dish with five mites/ petri dish.
A damp tissue paper was placed on the bottom of
Petri dishes and covered with a sheet of Para film
‘M’ laboratory film. Small holes were punched in

the film to allow evaporation of the water from the
tissue paper below. A piece of filter paper equal in
size to the diameter of the dish (9.0 cm) was placed
on top of the Parafilm sheet. Forty micro liters of 5,
10 and 15% solution of each plant essential oil
diluted in methanol was placed on the second piece
of filter paper (4.25 cm diameter) attached to the lid
of the Petri dish. In control dishes only methanol
was poured on the filter paper. Each of five
treatments i.e. neem oil (A. indica), garlic oil (A.
sativum), Clove oil (S. aromaticum), olive oil (O.
europaea) and tobacco (N. tabacum) extract were
replicated 4 times, whereas methanol was used as
base in formulations.
Dead and alive mites were counted after 24
and 48 h interval treatment. Bee mortality count was
done by separating each mite sophisticatedly
irresponsive mite towards stimulus considered an
indication of increase in death tool. All bees were
independently checked for the existence of mites.
Field tests in bee hives
Forty eight queen right honeybee colonies in
Langstroth hives were used on mite infestation
levels. The hives were placed at a distance of 5
meters from each other. Colonies were divided into
16 groups of 3 colonies each by using Complete
Randomized Design (CRD). Each group of three
colonies received the most effective concentration
as determined previously alone (T1, garlic; T2,
neem; T3, clove; T4, olive oil; T5, tobacco extract)
and in combination (T6, garlic + neem; T7, garlic +
clove; T8, garlic + olive; T9, garlic + tobacco, T10;
neem + clove, T11, neem + olive; T12, neem +
tobacco; T13, clove + olive; T14, clove + tobacco;
T15, olive + tobacco; T16, control).
Treatments were applied every evening when
the honeybees were present in the hives. 15 ml of
each test material was sprayed by using a simple
plastic sprayer (500 ml). Solutions of all extract
concentration were sprinkled over the bees inside
the colonies (Zaitoon, 2001). Mite and worker bee
mortalities were recorded every day at 10 am and
the mite collection trays were removed and
transmitted to the lab for counting the mortalities.
Total 60 ml plant oil/ extract were applied at
5 days interval for 20 days. Each honeybee colony
was equipped with a modified bottom board for
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placing mite collection trays (mite excluders),
through the back side of the hive. The mite fall were
counted on the mite collection trays. Mite mortality
was examined after five day in debris collected in
mite collection trays placed under the screen. In
order to evaluate total mite population an Apistan
(Fluvalinate) strip was applied to the colonies.
Apistan strip was removed from the colonies after
30 days and dropped dead mites were counted
(Marcangeli and Garcia, 2004).Treatment efficacy
was calculated for each colony by using following
formula (Higes et al., 1997):

E (%) =
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control alternatives, we evaluated different essential
oils/extract at several concentrations for different
intervals of time. The results obtained from our lab
experiment showed that the essential oils/extract had
a significant effect on the mite mortality (Three
Way ANOVA, F (5, 108) = 33.86, P < 0.005). The
clove oil and tobacco extract both proved to be most
effective against mites (Fig 1), followed by garlic,
olive and neem oil, respectively. The percentage
concentrations (Three Way ANOVA, F (2, 108) =
21.96, P < 0.005), and timing of treatment (Three
Way ANOVA, F (1, 108) = 73.97, P < 0.005) were also
found to be significantly different.

VD+5+VD+10+VD+15+VD+20
_________________________ × 100
VT

Where, E, efficacy of plant oil/extract, V D+n ,
mites collected on different days, and VT, Total
number of mites collected
Honey yield
Honey was harvested after all experiments
with the help of manual honey harvester and
compared honey yield of treated and control
honeybee colonies. Honey production was measured
by taking the weight of each hive body used for
honey collection before and after the honey
extraction process. The weight difference was
considered as the amount of harvestable honey
(Rashid et al., 2012b).
Statistical analysis
A Completely Randomized Design (CRD)
was applied to all laboratory and field experiments.
Mean mite mortality, efficacy and honey yield were
compared between treatments by Analysis of
Variance techniques were applied to test the
significance of data using least significance
difference test (LSD) at 5% probability level
(Montgomery, 2001). All data collected by
performing experiments were analyzed through
MSTAT C statistical computer based software
(Freed and Eisensmith, 1986).
RESULTS AND DISCUSSION
To help beekeepers select the safe mite

Fig. 1. Varroa mite mortality by different
types of plant oils/tobacco extract in laboratory.

About 150 essential oils or any of their
components have been tested to control the mite V.
destructor, with different results. Their toxicity,
repellent or attractive effect towards the mite and
their influence on the mite’s reproduction have been
evaluated, when essential oils have been locally
administered, or applied in pulverization or in a
passive evaporation form (Imdorf et al., 1999).
The results/findings of the experiment shows
that the overall mean mortality for the number of
mites for different concentrations i.e. 5%, 10% and
15% of essential oils/extract were 4.15±0.23,
2.95±0.16 and 2.35±0.18, respectively (Fig. 2),
which clearly showed that 5% is the most effective
as compared to 10 and 15% concentrations, which is
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against the findings of Abdel Rahman and Rateb
(2008) who found that the highest concentrations of
lemon juice (10, 25, 50, 75 and 100%) caused high
number of fallen dead mites and Zaitoon (2001)
who found that the highest concentrations (500
ppm) of Rhazya stricta caused 100% mite mortality.
Results are confirmed by Abd El-Wahab and Ebada
(2006) who recorded significant differences
between the sour orange, lemon grass and citronella
oils in different concentrations.

with coriander extract after that it was gradually
decreased. Abdel Rahman and Rateb (2008) resulted
that the numbers of dead fallen Varroa mites were
comparatively higher after 24 h, than after 48 h and
after 72 h which exhibited the lowest number. This
is contrary to the findings of Calderone and Spivak
(1995) and El-Zemity et al. (2006) who found that
essential oils showed good result against Varroa
mite after 48 h of exposure.

Fig. 2. Varroa mite mortality by different
concentrations of plant oils/tobacco extract.

The 5% concentrations of different
oils/extracts were applied in various combinations
following the same procedure and it was found that
even the combinations also killed mites in a
significantly different manner (at 5% level of
significance). The most effective combination was
clove oil and tobacco extract with the mean
mortality of 5.00±1.01 and the least effective
treatment after control was garlic and tobacco
extract (0.25±0.21). The results are presented in
Figure 1.
As far as the timings of application are
concerned (Fig. 3) the number of dead fallen mites
were higher after 24h, than 48 h. These results are
supported by the findings of Shoreit and Hussein
(1994), who found that the maximum mean number
of dead mites was observed after the first treatment

Fig. 3. Mean number of Varroa mite
mortality as affected by different concentrations
of all plant oils/extracts.

In field experiment using only 5%
concentration alone and in combination all oils/
extract for the control of Varroa mites. The range of
efficacy in colonies treated with different oils/
extract and their combinations were 71.58% to
97.24%. The percentages were arcsine square root
transformed and when compared between different
treatments the results were significantly different
(One Way ANOVA, F (15, 47) = 2.312, P<0.05). All
tested combinations confirmed as clove oil +
tobacco extract (T14) the best combination with
mean value of efficacy (%) 96.48±0.52 (Mean±SE).
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Table I.-
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Multiple Comparisons of plant oils/ extracts with control against Varroa mite mortality.

Treatment
Neem oil
Garlic oil
Clove oil
Tobacco extract
Olive oil
Neem + Garlic oil
Neem + Clove oil
Neem Oil + Tobacco extract
Neem + Olive oil
Garlic + Clove oil
Garlic Oil + Tobacco extract
Garlic + Olive oil
Clove Oil + Tobacco extract
Clove + Olive oil
Tobacco + Olive oil
Control
LSD(0.05)
F-test
C.V.

Varroa (#)

Difference

Efficacy (%)

Difference

Honey yield (Kg)

Difference

278.33
201.33
199.67
180.33
220.33
167.67
167.00
187.33
222.67
202.00
169.00
197.33
381.67
227.00
216.33
74.33
12.1**
15.32

204.00*
127.00*
125.33*
106.00*
146.00*
93.33*
92.67*
113.00*
148.33*
127.67*
94.67*
123.00*
307.33*
152.67*
142.00*
77.408
-

85.367
87.830
88.010
85.680
87.113
86.857
81.380
87.897
85.783
84.070
80.047
83.937
96.483
87.190
86.707
23.980

61.387*
63.850*
64.030*
61.700*
63.133*
62.877*
57.400*
63.917*
61.803*
60.090*
56.067*
59.957*
72.503*
63.210*
62.727*
11.271
-

12.300
14.833
16.533
14.567
13.233
15.233
15.133
17.800
13.133
12.533
12.333
13.300
20.500
16.133
14.500
6.233

6.067*
8.600*
10.300*
8.333*
7.000*
9.000*
8.900*
11.567*
6.900*
6.300*
6.100*
6.767*
14.267*
9.900*
8.267*
1.512
-

36.3**
5.57

74.4**
4.32

**Highly significant at 0.1%.
*Pairs that are significantly different are flagged with an asterisk.

The percentages were compared between different
treatments the results were significantly different (at
5% level of significance) (Table I). From the results
obtained from this study, it can be concluded that
T14, 381.67±24.31 at 5% concentrations can be
considered a promising agent for the control of V.
destructor (Table I).
The honey yield from hives when treated with
different essential oils/extracts was also weighed at
the end of experiment. The mean honey yield (kg)
compared between the treatments were higher
20.50±0.29 in treatment (T14) and lower in honey
yield in control group (T16) i.e. 6.23±0.39 at 5%
level of significance (Table I).
The results are in agreement with AllamSally (1999) and El-Zemity et al. (2006) who stated
that the clove oil gave good results in controlling
mites and Fouly and Al-Dehhairi (2009) who found
clove killed 62% Varroa mites. Rashid et al.
(2012a,b,c) found that highest mean efficacy (%) of
99±1.24 and honey yield (kg) 12.08± 0.86 was
found in 3.2% oxalic acid treatment. Hussein et al.
(2001) used six plant oils to control Varroa mites in
honeybee colonies and rated clove oil best among
the other essential oils. Similar results were also

observed by Rajiter (1983), who found 50-79% mite
mortality when applied different amounts of tobacco
as fumigant. Abdol-Ahad et al. (2008) who
concluded that tobacco extract without harmful
effect against honeybees and decreased Varroa mite
population. There are different researchers that
reported a positive effect of tobacco on Varroa mite
mortalities (Rijiter, 1982, 1983; Rijiter and Eijnd,
1984). The conclusion was the effective substances
in neem are not volatile. Keeping in view the work
of previous researchers the aim was to bring the
essential oils in different concentrations into contact
with mites. The results of experiment were also
found in confirmation with Melathopoulos et al.
(2000) who observed that when bees and mites were
brought into contact with neem oil that it was spread
on a surface it resulted in a 95% success. Hassan et
al. (2008) indicated that neem oil efficacy rate is
only 4.95% against Varroa mite and not suitable for
Varroa control.
Botanical extracts obtained from different
plant species have also shown a broad spectrum of
biological activity in relation with mite population
management (Banchio et al., 2003, 2005; Jbilou et
al., 2006).

614

R. MAHMOOD ET AL.

CONCLUSIONS
From the results obtained from this work, it
can be concluded that the clove oil alone or in
combination with tobacco extract at 5%
concentrations can be considered promising agents
for the control of Varroa destructor. It was also
concluded that clove oil + tobacco extract can play
an important role in an integrated pest management
program to control Varroa mite in honeybee
colonies. Good results can be obtained when the
above materials are used 3-4 times each month
during the infestation period. Also these materials
proved to be harmless to the bee and quite safe to
the environment.
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