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ABSTRACT

This work was conducted in the experimental laboratory and apiary of the Plant Production
Department of the Faculty of Technology and Development Zagazig University , Egypt. The main purpose
of this work was to throw the light on the control of varroa mite, Varroa destructor infected honey bee
colonies using some biological control agents. Six essential oils were used: Cinnamon oil, Clove oil,
Jasmine oil, Eucalyptus oil, Peppermint oil, in addition to Formic acid 65% , Oxalic acid and Di stop. The
obtained results reported that the increase percentages of dropped varroa numbers, comparing with check
, were the highest with the treatments of Cinnamon oil 78% ,while the least percentages was 61 % at Oxalic
acid treatment. The decrease percentages of infected sealed broods per 100 cell , comparing with check,
were the highest with Distop 38 % , while the least percentages was 25 % at Cinnamon oil. The highest
increase percentages of infested bee workers , comparing with control treatment , was the highest with the
treatment of Oxalic acid 41 % , while the least percentages was recorded with Di stop giving 22%. The
highest increases in sealed brood area were noticed with Di stop 28 %, while the least increase percentages
were recorded with jasmine . The highest increase percentages in honey bee production , in comparison
with control hives, were registered with the treatments of Clove oils giving 171.4 %.
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INTRODUCTION

The honey bee (Apis mellifera L.) insects is
considered as one of the most important activities in the
industry and agriculture in Egypt and all over the world.
Honey bee colonies is susceptible to some pests and diseases
that cause severe losses in the production of honey and may
destroy bee hives. Varroa destructor, Acari : Varriodae (
Anderson and Trueman 2000 ) former known as Varroa
jacobsoni ( Oudmans, 1904) has become one of the most
serious threats to managed beekeeping and considered the
most damaging for the colonies of honeybee ( A. mellifera
), it acts as ectoparasitic. Most commercial colonies usually
die following 1-2 years of consecutive infestation with
varroa if colonies are left untreated (Martin et al., 1998;
Downy and Winston, 2001). Incidence of mites in honeybee
colonies increases the infection by different diseases
because they act as vectors of honeybee pathogens
(Ball,1994) . Consequently, without mite control, bee
colonies usually perish within a short period infestation with
varroa ( Ritter, 1981 ) .Beekeepers rely heavily on synthetic
acaricides to reduce varroa population to non-damaging
levels (Caron ,1999; Melathopoulos and Farney , 2002).
Varroa populations were successfully controlled by
acaricides such as the pyrethroid pesticide fluvalinate has
developed resistance to multiple class of synthetic acaricides
in many geographic areas (Elzen et al., 2000; Spreafico et
al., 2001). Furthermore ,acaricide residues have been
detected in honey and bees wax products (Wallner , 1999)
.Biocide activity of several compounds of plants origin such
as plant oils have been investigated as possible means to
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control varroa mites and have been considered more
environment friendly acaricides (Imdorf et al., 1999). Of
these compounds, oils such as origanum and thyme oil
(Sammataro, et al ., 1998), essential oils from the plant
family Lamiacaea as labiatae (Colin,1990) and plant
derivatives, such as thymol and menthol (Imdorf et
al.,1995), are possible materials of biocide effects , in
program of mites control.

From the previous points of view the purpose of this
work was to throw the light on the efficacy of six essential
plant oils, two acids and Di stop against varroa mite, Varroa
destructor infested honeybee colonies under field conditions
as dropped numbers ,number of mites infested brood cells,
the numbers of honeybee workers infested with Varroa
destructor mites, effect on the area of brood in honeybee
colonies, honey yield per colony after treating with essential
oils in comparison with untreated colonies.

MATERIALS AND METHODS

This experimental work was carried out at the Plant
Production Department of the Faculty of Technology and
Development Zagazig University, Egypt. Twenty seven of
Apis mellifera honey bee Carniolan colonies nearly equal in
their strength and headed with local Carniolan queens at the
same age were chosen. Each Langestroth hives housing the
colonies, contained 4 combs of adult bees and 3 combs of
sealed brood contained honey and pollen (bee bread). The
tested colonies were arranged at random in 9 groups, 8
groups were assigned to the treatments and one group was
used as a control treatment. Each group contained 3
colonies.
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To study the efficacy of some plant essential oils
against varroa mite, Varroa destructor infested honeybee
colonies under field conditions ,six botanical volatile oils
were used: Cinnamon oil, Clove oil, Jasmine oil, Eucalyptus
oil, Peppermint oil, in addition to Formic acid 65% , Oxalic
acid and Di stop.

The tested oils were mixed with sunflower oil as a
carrier at the rate of 1: 9 resulting 10 % liquid materials.
Cotton stripes ( 2 cm x 20 cm) were absorbed each with 10
ml of this mixture and were inserted between the brood
combs, one stripe per / hive . This treatment was carried out
weekly for two times ( Grant and Jackson , 2004).

As for Formic acid and Oxalic acid it was used at
the rate of 5 cm3/colony which treated on a paper sheet and
put on the upper direction of infested frame, while Di-stop
(local product) which is consisted of different physical and
chemical materials at the rate of 4 cm3/colony which treated
on a paper sheet and put in between the frame of brood .

The effect of these materials as controlling agents
was tested for 35 days. Infestation levels of mites in the
untreated colonies were determined before and after
treatments for each colony and treatment. Data were
recorded every 7 days and continued for 5 weeks. The
obtained results were compared using the standard analysis
of variance (ANOVA) according to Little and Hills (1978).
Sendecor and Cochran, (1989) , and Costat 22 (1998).
Reduction percentages were counted according to the
formula of Henderson and Tilton (1955) :

Reduction % = |:1 - [

RESULTS AND DISCUSSION

Results in Table ( 1) showed that effect of treating
honeybee hives with essential oils and formic & oxalic acids
in comparison with Di stop on the numbers of dropped
Varroa destructor mites infested honeybee stages , in
addition to the increase percentages of dropped varroa mites
per colony after treating with tested materials in comparison
with untreated colonies.

Data indicated that the numbers of dropped varroa
mites were increased by increasing the period of treatments,
where the highest numbers of dropped varroa mites after

Treatment after

Control after

Controlbefore
X x100
Treatment before

five weeks of treatment were recorded with Peppermint oil
giving 252 individual /5 weeks comparing with 56
individuals in the control treatment, followed by the
treatment of jasmine oil 250 individual, while Di stop ,
Eucalyptus oil and Clove oil recorded the least numbers 205
individual for each. The increase percentages of dropped
varroa numbers, comparing with control , were the highest
with the treatments of Cinnamon oil (78%), Di stop (77%) ,
and peppermint oil (76 %) , while the least percentages was
61 % at Oxalic acid treatment.

Results presented in Table (2) cleared that the effect
of treating honeybee hives with essential oils and tested
acids on the decrease of infested sealed brood with varroa
mites per 100 cell, in addition to the decrease percentages
of infested sealed brood with mites per colony after treating
with tested agents in comparison with untreated colonies.

Data revealed that the least mean number of infested
brood cells with varroa mites was recorded at the treatment
of Clove oil giving 5.0 infested cells , in comparison with
control 15.2 infested cells.

Statistical analysis of data in Table (2) indicated that
there were significant differences in the number of infested
brood cells with varroa mites between all treatments and
control treatment , while there were no significant
differences among treatments of all tested oils.

In conclusion, the decrease percentages of infected
sealed broods per 100 cell, comparing with control
treatment , were the highest with the treatments of Di stop
38 % , followed by the treatments of peppermint oil and
clove oil giving 36 , and 34 % , while the least percentages
was 25 % at cinnamon treatment.

Regarding to the results on the effect of essential oils
on the numbers of honeybee workers infested with Varroa
destructor mites at honeybee colonies (Table 3) , the least
numbers of infested bee workers were recorded at the
treatment of clove oil, eucalyptus oil and Di stop ( about
205 dead mites / 500 worker) , without significant
differences among them, in comparison with control
treatment where 56 dead mites / 500 worker were counted .

There were significant differences in the numbers of
dead mites / 100 worker between all tested agents and
control treatment.

Table 1. Effect of essential oils on the numbers and increase percentages of dropped Varroa destructor mites

infested honeybee

Average number and increase percentages of dropped mites / colony

Treatments Pre treatment Post treatment
1 week 2 week 3 week 4 week 5 week Total

D D % D % D % D % D % D %
Cinnamon oil 8b 16def 50 46a 83 64d 88 47a 83 51d 84 224bc 78
Clove oil 9b 13f 308 41D 78 65d 86 29¢ 69 57c¢ 84 205c 70
Jasmine oil 14a 23ab  39.1 50 a 72 74c 81 35d 60 68a 79 250a 66
Eucalyptus oil 10b 20bcd 50 35¢ 71 58e 83 45ab 60 49d 87 207c 70
Pepper mint oil 10b 22abc 545 48a 79 78b 87 42bc 76 62bc 84 252a 76
Formic acid 12ab 18d 30 420 71 66 d 81 45ab 73 65ab 82 236ab 68
Oxalic acid 15a 25a 40 35c 57 82a 82 32de 53 58c 74 232ab 61
Di stop 7b 14ef 50 32c 78 68d 90 39c 82 52d 87 205c 77
Control 10b 8¢ - 12d - 9f - 14 f - 13e - 56d -
LSD 5% 34 3.4 3.4 34 34 4.2 15.2

D = dropped mites

Means in each column followed by different letter(s) are significantly different
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Table 2. Effect of essential oils on the numbers of infested brood cells of honeybee with Varroa destructor mite and

reduction percentages

Number of infested brood cells and reduction % of infested area / 100 sealed brood

Post treatment

Treatments Pre treatment 1 week 2 week 3 week 4week 5week Grand mean

B B % B % B % B % B % B %
Cinnamon oil 12 10 10.7 7 388 6 14 4 00 2 63 58c 25
Clove oil 10 11 0.0 6 523 5 17 2 40 1 63 50c 34
Jasmine oil 14 12 8.2 10 271 8 20 5 63 2 70 74c 26
Eucalyptus oil 16 18 0.0 12 417 10 17 9 35 4 67 106b 32
Pepper mint oil 12 13 0.0 6 596 5 17 4 20 1 81 58c 36
Formic acid 10 10 0.0 8 300 6 25 5 25 2 70 62c 30
Oxalic acid 16 12 19.6 10 271 9 10 4 33 2 62 74c 31
Di stop 18 16 4.8 8 563 7 13 7 50 3 68 82bc 38
Control 15 14 0.0 16 300 18 25 12 25 16 70 15.2a -
LSD 5% 2.7

Means in column followed by different letter(s) are significantly different B= Infested brood cells

Results in Table (3) recorded the reduction
percentages in Varroa destructor mites infested workers as
affected by tested agents in honeybee colonies in
comparison with control treatment.

The highest increase percentages of infested bee
workers , comparing with control treatment , was the highest
with the treatment of Oxalic acid 41 % while the least was
recorded with Di stop ( 22 %) , and 26.0 % for both of
eucalyptus and cinnamon oils .

The obtained data in Table (4) revealed that the
effect of essential oils and other agents treated in bee hives
to control Varroa destructor mites on the area brood in
honeybee colonies.

The highest increases in sealed brood areas, comparing
to control (348 cm 2), was recorded with the treatments of
Clove oil and Oxalic acid 516.2, 510 cm 2/ colony ,while the
least values were recorded with peppermint oil, jasmine oil 409
, 423 cm 2 respectively, comparing with control treatment
which produce only 348 cm?,

Table 3. Effect of essential oils and other agents on the numbers and reduction percentages of honeybee workers
infested with V. destructor mites at honeybee colonies

Average numbers and reduction percentages of dead mites / 100 worker

Post treatment

Treatments Pre treatment 1 week 2 week 3 week 4 week 5 week Total

[\ w % IW % IW % IW % IW % IW %
Cinnamon oil 8b 16def 27 46a 49 64d 41 47a 59 51d 33 224bc 26
Clove oil 9b 13f 22 41b 40 65d 61 29e 47 57c 11 205c 36
Jasmine oil 14a 23ab 67 50a 33 74c 29 35d 21 68a 55 250a 29
Eucalyptus oil 10b 20bcd 12 35c¢ 23 58e 49 45ab 21 49d 25 207c 26
Pepper mint oil 10b 22abc 14 48a 49 78b 41 42bc 21 62bc 40 252a 33
Formic acid 12ab 18d 33 42b 34 66d 37 45ab 27 65ab 55 236ab 37
Oxalic acid 15a 25a 13 35c 60 82a 41 32de 21 58c 70 232ab 41
Di stop 7b 14ef 13 32c 25 68d 26 39c¢ 15 52d 33 205c 22
Control 10b 8¢9 12d 9f 14f 13e 56d
LSD 5% 3.4 34 34 34 3.4 4.2 15.2

Means in each column followed by different letter(s) are significantly different W= infested workers

Table 4. Effect of essential oils and other agents to control Varroa destructor on the area and increase percentages

of brood in honeybee colonies

Sealed brood area cm ? and increase percentage/ colony

Pre Post treatment

Treatments treatment 1 week 2 week 3 week 4 week 5week  Grand mean

B B % B % B % B % B % B %
Cinnamon oil 390 ¢ 420b 11 456b 21 459b 23 487d 28 521b 33 469c¢ 23
Clove oil 432 a 458a 95 490a 19 521a 25 543a 29 569a 32 516a 23
Jasmine oil 364 ¢ 384c 9.1 397d 16 420cd 22 432f 25 480d 324 423e 21
Eucalyptus oil 378 f 395¢ 82 421c 17 435c 21 455e 26 498c¢ 32 441d 21
Pepper mint oil 350 h 354d 52 368e 12 412d 23 451e 31 460e 32 409e 21
Formic acid 410b 436b 9.7 462b 18 498a 25 510c 28 540b 32 489b 23
Oxalic acid 410b 462a 15 480a 21 510a 27 532ab 31 564a 35 510a 26
Di stop 384d 436b 16 458b 228 501a 305 521bc 34 533b 36 490b 28
Control 380e 365d - 350f - 345e - 341g - 339f - 348f -
LSD 5% 1.72 17.2 17.2 17.2 17.2 17.2 16.8

Means in each column followed by different letter(s) are significantly different B = Area brood cm?

Statistical analysis of the obtained results indicated
that there were significant differences in the area of sealed
brood per hive , between all tested agents and that of the
control. Furthermore , there were significant differences in
the area of sealed brood per hive between the treatments of
Clove oil and Oxalic acid and all other treatments.

As shown in the obtained results in Table (4) the
treatments of Di stop and Oxalic acid registered the highest
increases in sealed brood area giving 28 and 26 % , while

the least increase percentages were recorded with jasmine ,
peppermint and eucalyptus oils , 21 % , for each.
Regarding to the effect of tested materials on the
yield of honey bee , results in Table (5) indicated that the
highest yields in honey bee production , in comparison with
untreated hives (2.1 kg per hive) , were registered with the
treatments of Clove and cinnamon oils giving 5.7 and 5.4
kg per hive , recording 171.4 % and 157.1 % increase
percentages ,respectively , in comparison with control
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treatment, while the least increase percentage was recorded
at the treatment of Di stop 66.6 %.

Statistical analysis of the obtained results indicated
that there were significant differences in the honey bee per
hive , between that of Clove oil and cinnamon oils and that
of all other tested oils. Furthermore , there were significant
differences in the yield of honey per hive between all
treatments and control treatment.

Table 5. Increase percentages of honey per colony after
treating with essential oils in comparison with
untreated colonies

Treatments Weight of honey (kg) % of increase
Cinnamon oil 54 ab 157.1
Clove oil 57 a 1714
Jasmine oil 39 ¢ 85.7
Eucalyptus oil 42 c 100
Peppermint oil 40 ¢ 90.5
Formic acid 43c 104.7
Oxalic acid 51b 142.8
Di stop 3.5d 66.6
Control 21e -
LSD 5% 3.28 1731

Means in each column followed by different letter(s) are significantly
different

The obtained results are in agreement with those
obtained by Sammataro et al. (1998) , Rosenkranz et al.
(2010) , and Abd EI-Wahab et al. (2012) .
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