@330"6!1@ Available online freely at www.isisn.org
4 2 . .
). Bioscience Research
%GOSBONQQQ? Print ISSN: 1811-9506 Online ISSN: 2218-3973

Journal by Innovative Scientific Information & Services Network

RESEARCH ARTICLE BIOSCIENCE RESEARCH, 2021 18(4): 3217-3227. OPEN ACCESS

Management of Varroa destructor in honeybees
through essential oils

Mahwish Rehman?, Toheed Igbal?, Kiran Shahjeer3, Hussain Ali4, Qaisar Igbal®and
Kamran Baksh Soomro®and Muhammad Qasim Kakar”’

1Directorate of Outreach, Agriculture Research System, Khyber Pakhtunkhwa Peshawar. Pakistan
2Department of Entomology, The University of Agriculture, Peshawar. Pakistan

3Department of Zoology, Abdul Wali Khan University, Mardan. Pakistan

“Entomology Section, Agriculture, Research Institute, D.l.Khan, Pakistan

5Department of Plant Protection, The University of Agriculture, Peshawar. Pakistan

8Institute of Plant Introduction, Southern-Zone Agricultural Research Center, PARC, Karachi, Pakistan
"Agriculture and Cooperative Department, Quetta, Baluchistan, Pakistan

*Correspondence: Toheed.igbal@aup.edu.pk Received 15-09-2021,Revised: 20-12-2021, Accepted: 21-12-2021 e-Published:
22-12-2021

A study was initiated at New Developmental Farm of The University of Agriculture, Peshawar, Pakistan
for two years, aiming to test different essential oils with chemicals for the management of Varroa
destructor and their effect on honey yield in honeybee colonies. The essential oils used against Varroa
destructor were obtained from different plants i.e., Eucalyptus spp, Ocimum basilicum, Plergonium
graveolens, Menthaviridis, Rosmarinus officinalis. Several chemicals applied were Formic acid 65%,
Fluvalinate strips, and Icing sugar dusting. Percent infestation of Varroa destructor on broods and adult
workers, number of fallen mites on white sheets, mean percent mortality of mites, and their effect on
honey vyield (kg) was recorded. The studies revealed that maximum control was recorded in Rosmarinus
officinalis whereas the minimum was recorded in Ocimum basilicum and Eucalyptus spp. during 2014.
Similar trend was recorded in the next year. The highest number of fallen dead mites in both years (2014-
2015) were Rosmarinus officinalis (132, 126) followed by formic acid 65% (124, 114), Fluvalinate strips
(123, 98), icing sugar dusting (87, 9l), Mentha viridis (82, 80), Ocimum basilicum (76, 97), Plergonium
graveolens (76, 79) and, Eucalyptus spp. (64, 77) as compared to control with 51 dead fallen mites per
colony. The honeybee boxes treated with essential oils, and other chemicals also showed the best
persistence up to one third treatment. Maximum vyield of honey was recorded during both the years of
2014 and 2015 in Rosmarinus officinalis (I7 kg and 15.5 kg), while the minimum was recorded in
Eucalyptus spp. (4 kg and 3 kg) per colony.

Keywords: Varroa mites, Rosmarinus officinalis, Mentha viridis, Ocimum basilicum, Plergonium graveolens, Honeybees

INTRODUCTION

Honeybee (Apis mellifera L.) is a vital insect
that produces honey, wax, venom, pollen,
propolis, and royal jelly. Honeybees also plays
important role to pollinate different
crops/vegetables and benefit the farmers/growers.
Pakistan is affluent of flora specifically northern
areas of Khyber Pakhtunkhwa (Zia et al. 20I2).

Beekeeping is one of the main cottage industries
of Pakistan which plays the major role in
Pakistan’s income for beekeepers at domestic
level in Khyber Pakhtunkhwa and new merged
areas (Khan et al. 2017).

Varroa destructor is the parasitic bee mite
(Anderson and Trueman, 2000) and distressing
pest of honeybee which may result economic
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losses in the industry of beekeeping globally
(Nazer and Al-Abbadi, 2003). This parasitic mite
could be observed at the adult stage of bees on
offspring and in a hive. There is no development
of Pupae into adult bees during heavy infestation.
Rigorous infestations cause significant destruction
to populations of honeybee (Delfinado-Baker and
Peng, 1995) which ultimately cause the quality
reduction of honey production including pollination
(Spivak, 1997). The parasitic mite impairs the
immune system of honey bees (Glinski, 1988) and
decrease the capacity of honeybees for plants
pollination (de Jong et al. 1984). This mite transmit
diseases and may result in 100% mortality of
honeybees (Kanga and James, 2002). It has been
a global threat specifically to apiculture industry in
Pakistan (Aziz et al. 2015, Islam et al. 20I6). For
control of Varroa destructor the beekeepers are
using different methods for control, most
commonly chemical and stripes are used inside
honeybee colonies (Lundie, 1940, Neumann, et al.
2016, Torto et al. 2007, Zawislak, 2010).
Effectiveness of essential oils against a broad
range of pests and plant pathogens is well
recognized (Koul, et al. 2008). Various studies
were carried out on the effectiveness of plant
extracts and essential oils against potential pest,
Varroa mite under control environment (Calderone
and Spivak, 1995, Bakar et al. 2017, Islam et al.
2016 & 2017, Barbosa et al. 2016, Abou-Shaara,
2014). Numerous factors are involved on the whole
potency of an acaricide as well as the inclusion of
the compound concentration, treatment phase,
colony, and apiary atmosphere. However, the
efficacy of few compounds depend on the
evaporation pressure within the colony; hence, the
normal temperature throughout treatment may
influence the efficacy of the treatment (Imdorf et
al. 1995). Some other factors including the quantity
of brood present in the hive (Semkiw et al. 2013,
Emsen and Dodologlu, 2009), the infestation
intensity (Mattila and otis, 2000), method of
delivery used (Floris et al. 2004, Imdorf et al.
1999), and type of hive (Imdorf et al. 1995) have
also been recommended for efficacy treatment.
Acaricidal impact of essential oils has broadly
been discussed in different studies (Imdorf et al.
1999, Imdorf et al. 2006). The careful usage of
acaricides might have impact on expansion of
resistance and the risk of residues in honey which
may cause a serious threat to human
consumption (Farooqi et al. 2020). Beekeepers in
Pakistan are using low quality synthetic acaricides
such as sulphur, flumethrin, strips, coumaphos,
amitraz, tobacco, fluvalinate injections and formic

acid to control T. clareae and Varroa destructor
mites (Islam et al. 2017). It has been found that the
inappropriate treatment against the Varroa
destructor, access of foraging honey bees to
certain crops has been established to significantly
affect winter mortality (van der Zee et al. 2013).

Present study is aimed to test various
essential oils in comparison with chemicals
against the Varroa destructor pest of honeybees,
its effect on mortality and fall of mites in honeybee
colonies. Further to observe if it will have an
impact on the honey yield.

MATERIALS AND METHODS

The research was conducted at New
Developmental Farm of the University of
Agriculture Peshawar in Mar 2014 and Mar 20I5.
The maximum and minimum temp of this area in
March were 25°C and 12°C respectively.

In this study twenty-seven honeybee A.
mellifera L. colonies in langstroth hives infested by
V. destructor mites naturally. Five colonies were
considered for each concentration of essential oils
(Eucalyptus spp, Ocimum basilicum, Plergonium
graveolens, Menthaviridis, Rosmarinus officinalis)
and other chemicals (formic acid 65%, fluvalinate
strips, icing sugar dusting) and untreated three
colonies were kept as control. Individual colony
contained 8-9 complete whole depth combs of
bee worker and had 3-4 brood frames. At 5
meters distance, hives were placed from each
other.

Cotton swab with 1ml of each of the five
different essential oils including Eucalyptus spp,
Ocimum basilicum, Mentha viridis, Plergonium
graveolens, and Rosmarinus officinalis were
placed at the bottom of every infested/treated box
and synthetic chemicals (formic acid 65% on
tissue paper on top of the frames in infested bee
boxes and after 24 hours treated tissue paper
were removed from treated frames, fluvalinate
strips were fixed inside of the hive. The strip was
taken out from the colonies after applying second
application of treatments to the infested bee
boxes placed white paper in the bottom, treated
with Vaseline over the whole white paper and
released dead mites were calculated (Marcangeli
and Del Carmen Garcia, 2017) and selected
infested bee hives the icing sugar dusting(on top
of the infected colonies were dusted) with control
were used against varroa mite and about twenty-
seven, infested worker beehives were examined
and treated in Khyber Pakhtunkhwa region with
the three factorial CRD (Complete block Design)
were applied in the spring seasons 2014 and 2015
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on worker honey bees, with three replication were
used. The mean temperature (°C) and relative
humidity (%) was recorded by Thermo-
Hygrometer during year 2014-15.

Using of essential oils and other chemicals
against varroa mites, in brood cells after thirteen
days to observe the percent infestations and
percent reduction on before and after applications
of these essential oils and other chemicals of
dead worker bees. After that the dropped Varroa
mites were recorded fortnightly.

Henderson and Tilton (Henderson and Tilton,
[955) formula were used to record the mean
percent reduction of varroa mites.

% Reduction of infestation =100 x1-{Ta xCb}c /{Tb x Ca}
Where:

T = % infestation of treated mites

and C = % infestation of untreated mites (a =
after; b = before treatment).

b. Mite fall:

Counting of released Varroa mites were noted
before and after application of essential oils and
other chemicals of infested hives data were
observed after one day, two days, three days,
seventh days and on fourteen days by using white
paper sheets of 3lI5 x 42.9 cm covered with
Vaseline placed on the bottom board of hives. The
same method was repeated after 2@ and 3t
application with essential oils and other
chemicals.

c. Brood measurement:

In the center of a worker, combs were chosen
with an area of (5 x 5 cm?). In each cell was
scratched and counted which were infested by
Varroa mites. Percent infestation of Varroa mites
on mature worker honeybees and broods were
found before and after essential oils and other
chemicals application according to the technique
of Fresnay (El-Wahab and Ghania, 20I6).
Approximately three hundred adult worker honey
bees were collected, from the infested hive
through brush and icing sugar were added in a
wire net and detached by shaking numerous
times. Dusted mites were collected on white paper
sheet and data were recorded. The percent
infestation formula is shown in Equation |
No. of mites
No. of bees X
Equation. |. Equation used to calculate Percent
Infestation of Varroa mites

percent infestation =

RESULTS
Variety of natural compounds that arise in

honey naturally could be utilized for controlling
parasitic mites. only small number of them with
plant essential oils and formic acid have revealed
feasible against V. destructor mites, without
negative impact on the honeybee colonies
development (Melathopoulos and Gates, 2003,
Floris et al. 2004). The efficacy of investigational
formic acid (65%) and essential oils against
infestation with V. vandal mites is presented in
Table I-3. The mean percent decrease of fallen
Varroa mites in Tables-I-3 were observed after
application of essential oils and other chemicals in
both (brood and worker honeybees) in March 2014
and March 20I5 on third treatment in Rosmarinus
officinalis where the percent reduction was more
significant from rest of other essential oils and
other chemicals. Data found that Varroa mite
infestation percentage on sealed brood and adult
workers reduced distinctly at the end of third
treatment. Results indicated that there were
significant differences between the essential oils
and other chemicals on second and first treatment
in brood and worker adults of honeybees. It was
found that in apiaries treated with other chemicals
and essential oils, the infestation of Varroa mites
were reduced gradually from first treatment to
third treatment. Rosmarinus officinalis, fluvalinate
Strips, formic Acid 65%, icing sugar dusting,
Mentha viridis, are very useful in controlling of
Varroa mites as the reduction infestation
percentage from Plergonium graveolens, Ocimum
basilicum, and Eucalyptus spp. recorded as
(96.25 and96.45), (90.08 and 95.10), (93.58 and
68.10), (90.08 and 87.46), (88.85 and 86.62),
(87.86 and 84.62), (76.10 and 81.05), ( 74.59 and
78.53) and (72.57 and 83.63) following the third
treatment on the worker brood and adult workers,
respectively. Whereas, in year 20I5 same trend
were observed of these essential oils and other
chemicals, hence the percent infestation of mites
was (94.67, 95.93), (93.09, 95.12), (92.13, 93.91),
(89.09,91.09), (84.83, 88.84), (84.52,86.06),
(84.24, 85.00), (8l.89, 82.47) after the third
treatment on the worker brood and adult workers,
respectively.

The acquired data in Table 2, the mean
infestation percentage of mites on sheets of
honeybee colonies treated with different essential
oils and other chemicals in month of March, 2014
and 20I50n third treatment was reduced in
comparison with control colonies. Maximum
number of dead Varroa dropped mites on sheets
was found after first second treatment of essential
oils and other chemicals in comparison with the
control apiaries.
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Table I: Mean reduction of Varroa mite population and analyzed means in both brood and worker
honeybees treated by different essential oils and other chemicals in March, 2014.

Essential oils
and other
chemicals

Application of
essential oils and
other chemicals

Mean percentage
on brood cells
(% of reduction in
varroa mite populations)

Mean percentage
on adult worker bees
(% of reduction in
varroa mite populations)

Before Treatment 5.00 4.66

Eucalyptus spp First treatment 3.47c 55.6l 2.I3fg_ 67.3|
Second treatment 3.07cd 65.6l 1.86ghi 75.04
Third treatment 2.00ef 72.57 1.53ijkim 83.63

Before Treatment 4.00 4.00
Ocimumb First treatment 2.60fg 57.28 2.47ef 56.06
asilicum Second treatment 2.40gh 66.11 2.00gh 68.84
Third treatment 2.13hi 74.59 1.73ghijk 78.53

Before Treatment 5.00 ---- 466 | @ -
Plergoniumgr First treatment 3.00de 60.73 3.20d 57.74
aveolens Second treatment 2.53fg 71.46 2.60e 69.33
Third treatment 2.46fgh 76.10fg 2.00gh 81.05

Before Treatment 5.00 466 | @ -
Mentha viridis First treatment 3.00de 60.73 3.20d 57.74
Second treatment 2.53fg 71.46 2.60e 69.33

Third treatment 2.46fgh 76.1o 2.00gh 81.05

Before Treatment 3.00 4.00
Rosmarinus First treatment 0.80mn 81.85 0.730pq 89.46
officinalis Second treatment 0.53no0 88.58 0.46pq 93.84
Third treatment 0.200 96.25 0.33q 96.45

Before Treatment 4.00 3.33
. . First treatment 0.73mn 87.41 0.86nop 85.94
For?é%/Amd Second treatment 0.600n 91.44 0.60pq 9.3l
0 Third treatment 0.53n0 93.58 0.40q 95.lo

Before Treatment 3.00 S 4.66
Before Treatment 1.33jk 72.27 1.73ghijk 73.25

. , First treatment 1.I3jkI 80.74 |.40jkIm 8l.o7

Fluvalinate strips

Second treatment 0.80Imn 90.08 1.I3mno 87.46

Third treatment 3.33 S 4.00
Before Treatment 1.33jk 70.37 1.87ghi 73.40

) First treatment 1.00KIm 81.80 1.66hijk 79.3|
Icing Sugar Second treatment 0.73mn 88.85 1.33klm 86.62

Third treatment 5.00 — 6.00

Before Treatment 833 | - 873¢ | = -

First treatment 9.47a | - Lo.20b | -

Control

Second treatment 11.13b | - 2.87a | -

Third treatment 3.00 4.00

Mean observed with the same letter (s) in a single treatment are not significantly different at 5% level of

probability.
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Table 2: Mean percent infestation of sealed worker brood and adult worker of honeybee colonies
treated with different essential oils and other chemicals in March 2014-20I5.

Essential oils and
other chemicals

Application of
essential oils and
other chemicals

Mean (%) infestation of Mites
in brood cells

Mean (%) infestation of
Mite on adult worker
of honeybees
(No. of mites/No. of bees )X 100

2014 2015 2014 2015
Before treatment 11 12 3.66 4.00
First treatment 26 30 4.00 4.33
Eucalyptus spp Second treatment 20 26 9.00 6.00
Third treatment 18 2l 10.00 7.00
Total 64 77 -- --
Before treatment 8 15 3.00 3.66
First treatment 30 37 3.66 4.33
Ocimumb asilicum Second treatment 26 34 4.00 5.66
Third treatment 20 26 5.00 6.66
Total 76 97 -- --
Before treatment 12 39 3.00 3.33
Plergoniumgr First treatment 30 3l 4.00 4.66
aveolens Secpnd treatment 26 26 4.66 5.33
Third treatment 20 22 5.66 6.66
Total 76 79 -- --
Before treatment 15 34 3.66 6.00
First treatment 34 30 4.00 6.33
Mentha viridis Second treatment 27 25 4.66 7.66
Third treatment 2l 25 6.33 8.33
Total 82 80 -- --
Before treatment 18 30 3.66 6.33
Rosmarinus First treatment 55 46 4.00 6.66
officinalis Secpnd treatment 43 40 6.66 7.66
Third treatment 34 40 8.66 8.33
Total 132 126 -- --
Before treatment 15 28 3.33 4.66
First treatment 52 42 4.33 5.33
Formic Acid 65% Second treatment 42 37 5.66 7.00
Third treatment 30 35 6.66 7.66
Total 124 114 -- --
Before treatment 13 37 3.00 4.33
First treatment 48 40 4.33 5.66
Fluvalinate strips Second treatment 43 30 5.66 6.33
Third treatment 32 28 8.00 6.33
Total 123 98 -- --
Before treatment 18 37 4.00 5.00
First treatment 35 34 4.33 5.66
Icing Sugar Second treatment 25 30 5.33 7.00
Third treatment 27 27 6.00 7.66
Total 87 9l -- --
Before treatment 19 24 3.66 5.00
First treatment 20 30 4.66 6.33
Control Second treatment 15 24 5.66 7.00
Third treatment 16 17 5.66 7.33
Total 51 71 -- --

Mean observed with the same letter (s) in a single treatment are not significantly different at 5% level of

probability
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Table 3: Honey Yield in (Kgs)

Essential oils and other Mean value of honey (kg)

chemicals 2014 2015
Eucalyptus spp 4 3
Ocimumb Asilicum 6 45
Plergoniumgr aveolens 7.5 5.5
Mentha viridis 105 8.5

Rosmarinus officinalis 17 155
Formic Acid 65% 15 12
Fluvalinate strips 135 10
Icing Sugar 115 9.5
Control 2 2

Table 4: Mean reduction of Varroa mite population and analyzed means in both brood and worker
honeybees treated by different essential oils and other chemicals in March, 20I5.

o Mean percentage on adult
et ol and | | nonin | . worker bees 4ol
other chemicals other chemicals varroa mite populations) reduction in varroa mite
populations)
Before treatment 5.66 5.00
First treatment 3.40d 61.96 3.40d 54.76
Eucalyptus spp Second treatment 2.93ef 75.01 2.93ef 69.26
Third treatment 2.46gh 81.89 2.53gh 82.47
Before treatment 5.33 5.33
. . First treatment 3.13de 62.70 3.13de 60.8I
Ocimum basilicum Second treatment 2.20hi 79.86 2.20hi 78.19
Third treatment 2.00i 84.24 2.00jj 85.00
Before treatment 4.66 4.66
Plergoniumr aveolens First treatment 2.73fg 62.82 2.73fg 61.02
Second treatment 2.40gh 74.45 2.33hi 71.41
Third treatment 2.07i 84.52 2.07i 86.06
Before treatment 4.00 4.33
Mentha viridis First treatment 2.33hi 63.62 2.33'hi 64.62
Second treatment 1.44j 80.08 1.66jk 79.94
Third treatment .47kl 84.83 1.47KIm 88.84
Before treatment 4.33 4.00
Rosmarinu officinalis First treatment 1.67j 78.33 1.66jk 72.00
Second treatment 1.1I3Im 87.03 1.I3mn 89.35
Third treatment 0.530 94.67 0.53p 95.93
Before treatment 3.66 4.33
. . First treatment 1.20kIm 78.67 [.20lmn 8l1.20
Formic Acid 65% Second treatment 0.66n0 90.98 0.670p 89.95
Third treatment 0.600 93.09 0.60p 95.12
Before treatment 4.00 4.33
Fluvalinate Strips First treatment 1.33jkIm 78.41 1.33kimn 79.11
Second treatment [.00mn 87.55 1.00mn 87.63
Third treatment 0.73no 92.13 0.730p 93.91
Before treatment 3.66 - 4.00
Icing Sugar Dusting First treatment I.5_3jk 72.69 1.53KI 73.80
Second treatment 1.33jklm 82.97 1.33klmn 82.35
Third treatment 1.00mn 89.09 1.00no 91.09
Before treatment 5.00 - 4.66
Control First treatment 840a | = ---—-- 740¢c | @ -
Second treatment 11.07b | = --—--- 9.27b | @ -
Third treatment [266c | = --—--- 4132 | = -----

Mean observed with the same letter (s) in a single treatment are not significantly different at 5% level of

probability
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Rosmarinus officinalis showed the maximum
number of fallen mites followed by formic acid
65%, Fluvalinate strips, icing sugar dusting,
Menthaviridis, Ocimum basilicum, Plergonium
graveolens, and Eucalyptus spp. by (132, 126),
(124, 14), (123, 98), (87, 9I), (82, 80), (76, 97), (76,
79) and (64, 77) in comparison with control 5I
dead fallen mites respectively.

The vyield of honey in Table 3, the treated
colonies of infested honeybees treated with
essential oils and other chemicals shown
maximum number of honey yield as compared to
control colonies during investigation phase. In
control colonies 2kg honey per hive was extracted
which shown the maximum number of mites
infestation on honeybees causing minimum honey
yield. Rosmarinus officinalis and formic acid65%
produced highest yield with the mean value of
both years 2014 and 2015 was (I7 kg and 15.5 kg)
and (I5kg , 12kg) per hive followed by Fluvalinate
strips (13.5 kg, lo kg), icing sugar dusting (11.5 kg,
9.5), Mentha viridis (10.5 kg, 8.5kg), Plergonium
graveolens (7.5 kg, 5.5 kg), Ocimum basilicum (6
kg, 4.5 kg), and Eucalyptus spp. (4 kg, 3 kg) of
honey per colony.

The percentage of mites population decline in
Table 4 showed that by using of essential oils and
other chemicals against Varroa mites in infested
colonies of honey bees in season of March 2015
the mean reduction after third treatment was
94.67 and 95.93 in Rosmarinus officinalis and
followed by formic acid 65%, Fluvalinate strips,
icing sugar dusting, Mentha viridis, Ocimum
basilicum, Eucalyptus spp.,and Plergonium
graveolens with the mean of percent reduction of
mites (93.09, 95.12), (92.13, 93.91), (89.09, 91.09),
(84.83, 88.84), (84.24, 86.80), (81.89, 82.47) and
(81.52, 85.06) respectively. Statistically, data
shown in Table 4 indicates that application of first
and second treatment of essential oils and other
chemicals were significantly different from each
other in brood and adult workers of infested bee
colonies.

DISCUSSION

The achieved results are in line with (Eguaras
et al. 1996) and (Allam et al. 2003) who reported
that formic acid caused 91.7% mortality of the
Varroa mites. (Hamaad et al. 2008) reported that
the thyme oils in the form of spray resulted in
65.9% Varroa mite mortality under Egyptian
climatic situation has a big potential. (Daher-Hjaij
and Alburaki, 2006) also highlighted the high mite
mortality during the beehives were fumigated with
Anise (Pimpinella anisum) seed extracts. The
study done by (Noel and Amrine, 1996) in fall and

winter that the Varroa mite is susceptible to deal
with essential oils, because of cluster formation
and the lack of brood. During hives treatment with
the essential oils the Varroa mites will have no
position to hide and can be killed.

The results are in line with (Ramzi et al. 2017)
who reported that the apiary tests discovered a
variable efficacy from 50 to 94% depending on the
essential oils composition, in addition; essential
oils with carvacrol as main compound formed a
better effect than other essential oils with
prevailing borneol. Though, the blend containing
high levels of carvacrol (55.35%) and borneol
(20.60%) exhibited higher activity than all
treatments (Ramzi et al. 2017). A synergistic
influence between the compounds of T.
satureioides and o. elongatum essential oils was
reported.

Natural medicines such as oxalic acid, formic
acid, thymol, and menthol have been used
recently as an alternative treatments against the
honey bee parasitic Varroa mite (Gunes et al.
2017). According to (Gunes et al. 2017) the groups
exposed to the varroa treatments, HSP 7oresults
were lower than those of the non-treated groups.
HSP 7oresults were lowest in the thymol-menthol
mixture exposed group among the treated groups.
It is concluded that it would be more favorable to
prefer natural medicines against varroa, which
lead to lower HSP 7oresults which are the
molecular determinants of stress (Gunes et al.
2017). Many studies have been conducted and still
continue to control varroa by using organic acids
such as oxalic acid, formic acid, lactic acid and
volatile oils such as thymol, which are not harmful
to human health, do not leave residues in honey
and are natural constituents of honey (Akyol and
Ozkok, 2005, , Bogdanov et al. 2002, Cengiz,
2012, Donders et al. 2006, Girisgin and Aydin,
2010, Sapountzis et al. 2014, Satta et al. 2005,
Smodi§ Skerl et al. 2011). Natural treatments
consisting of organic acids and plant extracts are
an emerging alternative cure in controlling
honeybee 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 (Imdorf et al. 1999,
Tutun et al. 2018). The most common essential
oils used in mite control are cinnamon oil
(Cinnamomum cassia), citronella oil
(Cymbopogon nardus), peppermint oil (Mentha
piperita), Spearmint oil (Mentha spicata),
Rosemary oil (Rosmarinus officinalis), tea tree oil
(Melaleuca alternifolia), winter green oil
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(Gaultheria procumbens), neem oil (Azadirachta
indica), thyme oil (Thymus vulgaris) and
lemongrass oil (Cymbopogon citratus) (Tutun et
al. 2018, Hassan et al. 2008, Damiani et al. 2009,).

The most used components are eucalyptol,
menthol, thymol, camphor, citronellal and citral
(Tutun et al. 2018, Gashout and Guzman-Novoa,
2009, Ellis and Baxendale, 1997, Calderone and
Spivak, 1995). 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 (Islam et al. 20I6,
Imdorf et al. 1999).

CONCLUSION

Rosmarinus officinalis oil is effective for
causing Varroa mites’ mortality to a level of 94.67
and 96.25 in 2014-15 of brood cell while in adult
workers of honeybee the percent reduction of
mites was 95.93 and 96.43 respectively. It is
found that for obtaining effective control, third
treatment of essential oils should be repeated
subsequently. The effectiveness of Rosmarinus
officinalis oil and other essential oils are
suggested to use a chemical treatment used in
infested colonies of Apis mellifera L., against
Varroa mites as an alternative. The essential oils
usage may vigorous into the integrated pest
management (IPM) program for substitute in
addition with other control measures for Varroa
mites and honeybee’s colonies management.
These essential oils increase chances for colony
survival and commit the residue free hive by-
products. Depending upon the infestation level of
Varroa mites, the essential oils usage might be
repeated after three weeks. Furthermore, the
efficacy of these essential oils and other
chemicals showed well- depending on time of
year, temperature, colony strength, shelf lives of
these essential oils and brood area.
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