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ABSTRACT

Three different application methods were used for controlling varroa mites in honey bee colonies. A
wood stick strips were soaked in a mixture of some essential oils and formic acid 65% and applied in
honey bee colonies. Results showed that all experimental materials caused a significant reduction of
varroa mite infestations when compared with control ones. The colonies get on a treated wood stick
strips on the top of brood combs caused a highest reduction of varroa mites (91.3 & 84.7%) and (91.9
& 83.3%) on the brood & adult workers during October and November, respectively. the mean number
of fallen varroa mites increased gradually after the first treatment compare to control in all treated
colonies during October and November. During October, after the first treatment the highest mean
number of fallen varroa mites were counted in case of held the wood stick strips between the brood
comb (11.3). While, in November, after the first treatment a highest mean number of fallen varroa was
recorded in colonies treated on the hive bottom board (11). According to the effect of tested materials
on varroa mite injuries by grooming behaviour of bee workers, results revealed that there were some
significant differences in the mean number of injuries varroa between either application methods or
control. In October and November the highest deformed numbers of varroa were observed in
Gnathosoma and legs of varroa mites during all experimental treatments.
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1. Introduction

The ectoparasitic honey bee mite Varroa destructor Anderson & Trueman (Acari: Varroidae) is
considering a destructive parasite of the Western honey bee Apis mellifera and is widely recognized to
be one of the most reasons for colony collapse disorder (CCD) (Rosenkranz et al., 2010a,b; Le Conte
et al., 2010). Varroa mites directly feeding on the fat body and hemolymph of bees (Ramsey et al.
2019), also it can transmit several virus diseases, including Deformed Wing Virus (DWV), which can
be deathly to honey bee colonies (McMenamin and Genersch 2015; Martin and Brettell 2019). The
combined effects of this parasite and virus have been consistently identified as the leading cause of
overwintering honey bee hive mortality (Stahlmann-Brown et al., 2022; McGruddy et al., 2023).
Although many organic acids have been increasingly used by beekeepers, the main control of Varroa
has still largely depend on chemical acaricides worldwide (Rosenkranz et. al., 2010a, b; Tutun et al.
2018; Gregorc and Sampson 2019; Brodschneider er al. 2023). The acaricides such as tau-fuvalinate,
fumethrin, coumaphos and amitraz have been used for decades in Varroa control (van der Steen and
Vejsns, 2021).

Using acaricides inside beehives against varroa mites and repeated application during the year that
led to contamination of honey and other hive products (Wallner, 1999; Martel et al., 2007; Abou-Shaara,
2014; Pohorecka et al., 2018 and Calatayud-Vernich et al., 2018). Because of this repetitive treatment,
the mite resistance to accaricides was development in varroa population (Elzen et al., 1999; Lodesani
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et al., 1995; Baxter et al., 1998; Mozes-Koch et al., 2000; Spreafco et al., 2001; Martin 2004; Pettis
2004; Rosenkranz et al., 2010a, b; Jack and Ellis 2021; Mitton et al., 2022).

Several components extracted from plants, including plant oils, have been shown to have biocidal
activity (Masry et al., 2020; Sabahi et al., 2020). These compounds are considered to be more
environmentally friendly acaricides and have been used as potential varroa mite control (Imdorf et al.,
1999; El- Hady et al., 2015; Abu Bakar et al., 2017; Bendifallah et a/., 2018; Kadhim et al., 2022; Bava
et al., 2023). Several studies have conducted that EOs demonstrate effectiveness in varroa mite control
while being safe to honey bees (Aglagane et al., 2022 & Kebebe et al., 2022). Formic acid and thymol
are effective components in the control of varroa mites without any side effects (Soroker et al., 2019).

The present investigation aimed to evaluate mixture of Thymol, Euculyptus, lemongrass, Mint oils
and Formic acid by three different application methods for controlling varroa mite in honey bee
colonies.

2. Materials and Methods
This work was carried out in the a private apiary yard at Qualiubia governorate, Egypt during the
period from 1* October to 15" of December 2023.

2.1. Chemicals and Materials

The four tested essential oils lemongrass (Cymbopogon citratus), Thyme (Thymus vulgaris), Mint
(Mentha spp.) and Eucalyptus( Fucalyptus spp.) were obtained from oil extraction unit, National
Research Centre, Cairo, Egypt, whereas Formic acid 65% was bought from Al Gomhoria Pharm. Ind.,
Cairo, Egypt.

2.2. Preparing the mixture of essential oils and Formic acid

A combination of Thymol (30 mL.), Euculyptus (15 mL.), Lemongrass (15 mL.) and Ment (15 mL.
essential oils was prepared and mixed with Formic acid 65% (300 mL.). The mixture was prepared by
using 500 gm of Vaseline in a big Jar (2L) and left in a water bath for 15 minutes to become slightly
soft. A previous amounts of each tested oil and formic acid 65% were added to Vaseline and by a glass
stick were completely knead together to obtained a homogenate mixture. Four hundred of a wood stick
strips (15 X 3 cm. and Imm. thick) were soaked in the mixture for two hours and packing in plastic bag
(ten strips for each) and were kept in the refrigerator until use. Through the experimental procedures
another clean wood stripes were dipped in formic acid 65% alone for ten minute before colony
treatments.

2.3. Experimental honey bee colonies

Twenty honey bee colonies of Carniolian hybrid Apis mellifera L. naturally infested by varroa mites
were used for this study. The tested colonies were treated by a wood stick strips which saturated by oils
and formic acid. Three application methods were used, on the bottom board, up of the brood combs and
held wood strips between the brood combs. Four colonies were used for each application methods,
Formic acid alone and the four untreated colonies left as control.

2.4. Determination of varroa infestation percentages

The percentages of varroa infestation in the experimental honey bee colonies were determined in
worker brood cells and adult workers. For worker brood, 50 sealed worker cells were randomly selected
and opened (pupae with pigment eyes), the pre-pupae or pupae inside it were carefully examined and
the infested cells were counted. In adult workers, the infestation percentage was determined in
approximately 100 living worker bees taking directly from the combs in brood nest (De Jong, 1988 and
Branco et al.,, 2006). The infestation percentage in worker brood cells and adult bee workers were
determined once before the treatments and 2 times after treatments (after first treatment and end of
treatments). The reduction percentages of varroa mite infestation were calculated from the collected
data according to the equation of Henderson and Tilton (1955).

Varroa mites fallen on the hive bottom board, covered with sheet of white paper were collected and
counted in all experimental colonies (treatments & control) at 24h.,48h., 72h. and 7 days after
treatments.
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2.5. Assessment of grooming behavior

To investigate grooming behavior in the in treated and untreated experimental colonies; the
collected varroa mite on the bottom broad were carefully examined under dissecting microscope at 10X
magnification (Boecking and Spivak, 1999; Flottum, 1997 and Ahmed et al., 2017). The mean
percentage of mite legs, Gnathosoma and dorsal shield injuries which caused by grooming behaviour
of worker bees were observed and counted at 24 h., 48 h., 72 h. and 7 days post treatment.

2.6. Statistical analysis

Duncan’s test (P < 0.05) was used to examine the collected data using one-way analysis of variance
(ANOVA). Means + SEM were used to express all data from biochemical and molecular genetics
investigations. The Statistical Package for Social Sciences (SPSS 0.26 for Windows) was used to
analyze the data.

3. Results and Discussion

Impact of the mixture of essential oils and Formic acid 65% for controlling varroa mites were
illustrated in Table (1). Results showed that all experimental materials caused a significant reduction of
varroa mite infestations when compared with control ones. The colonies get on a treated wood stick
strips on the top of brood combs caused a highest reduction of varroa mites (91.3 & 84.7%) and (91.9
& 83.3%) on the brood & adult workers during October and November, respectively.

During October application methods between the brood combs results in a lowest reduction of
varroa infestation on the brood (69.1%) and adult workers (82.4%). In November the lowest reduction
of varroa infestation of worker broods was observed in colonies treated on the hive bottom board
(82.8%), while it was (80.6%) for adult workers when held wood stick strips between the brood combs.
Formic acid 65% reduced the varroa infestation to 78.3 & 72.4% in worker brood and 83.4 & 82.2 %
for adult workers during October and November respectively.

Results of this study are consistent with previous studies which concluded that essential oils were
effective in controlling varroa mites (Imdorf et al., 1999; Abd El-Wahab et al., 2012; Rashid et al.,
2012; Islam et al., 2016; Abu Bakar et al., 2019; Hybl et al., 2021). Results of this assessment were
agreed with Faraj et al.,, (2021) found a mixture of two or more of essential oils extracted from plant
material could lead to a reduction of varroa mite infestations. Also Begna et al., (2023) recorded that
mixing some essential oils, a 1:1 mixture of carvacrol and thymol, decreased the number of V.
destructor, rather than using single oil. Whittington et a/., 2000 and Dimetry et al., 2005 observed that
Neem oil spray caused 90-94% death of varroa mites but thymol oil spray reduced varroa to 79% in
infested honey bee colonies .Fathy and Fouly 1995 found that 10 ppm of lemon grass oil caused 44.9%
of varroa infestation reduction. Rbee and Zedan, 2018 showed that the highest reduction of the Varroa
mite population on adult bee workers (90.4, 85.6 and 81.9 %) were resulted by treatment with Formic
acid and Marjoram mixture at the rates of 3,2 and 1ml /colony followed by Spearmint mixture with
Formic acid (77.0,72.8 %) at 3ml/colony. While, Formic acid treated alone at 3 ml/colony caused 77.5%
and marjoram (71.9%). Also, the highest reduction percentage in brood infestation (75.9%) was
obtained when the colonies treated with Formic acid followed by Marjoram, (58.6%).

Results in Table (2) revealed that the mean number of fallen varroa mites increased gradually after
the first treatment compare to control in all treated colonies during October and November. During
October, after the first treatment the highest mean number of fallen varroa mites were counted in case
of held the wood stick strips between the brood comb (11.3) followed by Formic acid alone (10.1). It is
clearly that the application method of held wood strips between the brood combs gave a highest mean
of fallen varroa (16.5 and 14.5) followed by Formic acid (12.3 and 9.2) during the second and third
treatment, respectively. In November, after the first treatment a highest mean number of fallen varroa
was recorded in colonies treated on the hive bottom board (11) followed by that treated by the holding
between the brood combs (10.5) and Formic acid (8.5). While the mean number was obtained in
colonies get the wood stick strips on the top of brood combs (3.5) after the first treatment. Results in
November also showed that the applied by holding between the brood combs had a highly number of
fallen varroa (8 & 10) and (8.8 &8) after the second and third treatment, respectively. The lowest value
was recorded in Formic acid alone (6 &6.3) after the second and third treatment, respectively.
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Table 1: Impact of tested materials on the mean percentage of varroa mite infested brood and adult workers.

During October During November
0, (1) 0, 0,
Mean /0 of varroa Mean A).Of varroa Reduction Reduction Mean A’ of varroa Mean A’.Of varroa Reduction Reduction
infestation before infestation after infestation before infestation after
Method of % % % %
o treatment fourth treatment treatment fourth treatment
application
% on % on % on % on % on % on % on % on
brood adult brood adult Brood Adult brood adult brood adult Brood adult
On the hive
bottom 45+ 1.8a 12+1.1a  1.5£0.5b  2.5+0.5b 81.1 84.1 7.5£1.7a 12.5+2a 2+0.0b 3+0.57b 82.8 82.9
board
On the 6.5£0.95a 12.5+a 1£0.75b  2.5+.57b 91.3 84.7 4+0.8a 8.5+1.7a  0.5+0.5b  2+0.81b 91.9 83.3
brood comb
Held
between the  5.5£0.95a 13+a 3+0.5b 3+0.75b 69.1 82.4 7+1.2a 11+2.3a 1£0.5b 3+0.57b 83.9 80.6
combs
F OrE;‘;ac‘d 6551252  11.5ta  2.5:05b 2.5:0.5b 78.3 83.4  7.0+19a 6122  3+12b 154056 724 82.2
(1]
Control 6.5+£0.95a 6.5tb 11.542a  85+09a - = e 9+2.08a  11+1.29a  14+2.1a 15.542a - e
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Table 2: Impact of different application methods of tested material on the mean number of varroa fallen
on the bottom board

Method  of Time October November
application TT T2 T3 T4 TI T2 T3 T4
24h.before treatment 6.5 - - -— - —-— - -
24 h. 10.25 14.25 23.5 17.75 23,5 17.75 16.25 11
On the hive 48 h. 975 10 1475 115 1675 11 1225 15
bottom board 72 h. 7.75 5.75 5.5 3.75 3.25 4.5 2.25 0.0
7 days 3 2.5 2.25 1.0 0.5 0.75 0.25 0.0
Mean 7.6 8.12 11.5 8.5 11 8.5 7.75 6.25
24h.before treatment 3.5 — — — — — — —
24 h. 825 11.75 10.25 13 6.25 20.75 19.25 9.75
on the brood 48 h. 625 85 7 825 325 1025 115 075
comb 72 h. 6 4.75 3.5 4.25 1.25 4 1.25 0.25
7 days 2.25 2.25 1.25 0.5 0.0 0.5 0.0 0.0
Mean 5.6 6.8 5.5 6.5 3.5 8.8 8 2.7
24h.before treatment 7 - - -— - —-— - -
24 h. 15.75 27.25 27.25 23 22 18.25 2575 11.75
Held between 48 h. 14 205 185 1525 155 105 125 125
the brood 72 h. 11.75 1225 95 8.25 4 275 175 075
combs 7 days 375 625 275 225 075 05 00 00
Mean 11.3 16.5 14.5 12.2 10.5 8 10 4.6
24h.before treatment 4.5 — - -— - -— - —-—
24 h. 16.75 24 19 18 17 16 16.25  8.75
Formic acid 48 h. 13.25 1475 12,75 1025 13.25 6.75 8 0.75
65% 72 h. 825 825 375 375 375 125 1 0.0
7 days 2 2.25 1.25 0.5 0.25 0.0 0.0 0.0
Mean 10.1 12.3 9.2 8.1 8.5 6 6.3 4.75
24h.before treatment 2.5 --- --- --- --- --- --- ---
24 h. 6.25 7.5 4.75 4.5 4.75 8 6.75 4.25
48 h. 4.75 5.75 2.75 1.5 2.75 2 1 0.25
Control 72 h. 4.25 2.75 1.25 0.75 2 0.25 0.5 0.5
7 days 2.25 1.25 0.0 0.0 0.25 0.0 0.25 0.25
Mean 4.4 4.3 2.2 2.25 24 2.6 2.1 1.3

T1: First treatment T2: Second treatment T3: Third treatment  T4: Fourth treatment

Concerning to the grooming behavior of honey bee colonies against varroa mites in treated or
untreated colonies, the investigated results were recorded in Tables 3,4,5,6. Data revealed that there
were some significant differences in the mean number of injuries varroa between either application
methods or control.

In October and November the highest deformed numbers of varroa were observed in Gnathosoma
and legs of varroa mites during all experimental treatments. Application methods of wood strips
impregnated with mixture of essential oils and Formic acid (65%) that put on the brood combs or held
between the brood combs causes the highest mean number of deformed varroa through the different
treatments. Whereas, application on the brood combs recorded 18.1% deformed varroa after the first
treatment during November as well as 40.8 & 57.2% after the second and fourth treatment during
October and November, respectively. Application method by held between the brood combs resulted in
45.1% after first treatment of October and 34.6 & 25.9% deformed varroa after third and fourth
treatment of October. Also the same application method causes the highest deformed percentage 33
&48.7% of varroa mites after second and third treatments during November, respectively.
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Table 3: Impact of oils and Formic acid treatment on the injuries varroa mites during first treatment.

First treatment of October

First reatment of November

Mean no. of  Mean no. of Types of varroa Mean Mean no. of Mean no. of Types of varroa
Type of Mean no. Normal injuries injuries no. of Normal injuries injuries
treatment Time of fallen varroa varroa % fallen varroa varroa %
varroa Mean % Mean % Mouth Leg Body varroa Mean % Mean % Mouth Leg Body
24 h. 10.25 6.75 65.8 3.5 34.1 50 285 214 23.5 19.75 84.1 3.75 15.9 46 40 13
. 48 h. 9.75 7 71.7 2.75 28.2 45.5 36.3 18.2 16.75 14.25 85.1 2.5 14.9 40 40 20
Olllj(t)ltlteol;:ve 72 h. 7.75 4.25 54.8 3.5 45.1 50 357 143 3.25 3 923  0.25 7.7 100 0 0
board 7 days 3 1.5 50 1.5 50 50 333  16.7 0.5 0.5 100 0.0 0.0 0.0 0.0 0.0
Mean 7.6 4.8 60.5 2.81ab 39.3 48.8 334 17.6 11 9.3 90.3 1.6a 9.6 62 26.6 11
24 h. 8.25 5.5 66.6 2.75 33.3 63.6 27.2 9.1 7.75 6.25 80.6 1.5 19.3 33.3 50 16.6
48 h. 6.25 4 64 2.25 36 44.4 333 222 5 3.25 65 1.75 35 42.8 57.1 0.0
On the 72 h. 6 4.25 70.8 1.75 29.1 57.1 286 143 1.25 1.25 100 0.0 0.0 0.0 0.0 0.0
brood comb 7 gay 2.25 1 444 125 555 60 20 20 0.0 0.0 00 00 00 0.0 00 00
Mean 5.6 3.6 61.4 2.0b 38.4 56.7 272 164 4.6 35 81.6 1.6a 18.1 38.1 53.5 8.3
24 h. 15.75 9.5 60.3 6.25 39.6 40 28 32 22 15.5 70.4 6.5 29.5 38.46 346 269
Held 48 h. 14 6.75 482 7.25 51.7 41.4 31.1  27.6 15.5 14.5 93.5 1 6.4 75 25 0.0
between the 72 h. 11.75 6.75 57.4 5 42.5 45 25 30 4 3.75 93.7 025 6.2 100 0.0 0.0
brood 7 days 3.75 2 53.3 1.75 46.6 42.9 429 14.2 0.75 0.75 100 0.0 0.0 0.0 0.0 0.0
combs Mean 113 625 548 5la 451 423 317 259 105 86 894 26a 105 7.1 298 269
24 h. 16.75 11.25  67.1 5.5 32.8 22.7 36.3 409 17 15.25 89.7 1.75 10.2 42.8 42.8 14.2
48 h. 13.25 8 60.3 5.25 39.6 38.1 333 285 13.25 11.5 86.7 1.75 13.2 42.8 42.8 143
Formic acid 72 h. 8.25 5.25 63.6 3 36.3 41.7 333 25 3.75 3.5 93.3 0.25 6.6 100 0.0 0.0
65% 7 days 2 1.5 75 0.5 25 50 50 0.0 0.25 0.25 100 0.0 0.0 0.0 0.0 0.0
Mean 10.1 6.5 66.5 3.6ab 334 38.1 382 314 8.5 7.6 924 1.25a 75 61.8 42.8 14.2
24 h. 6.25 4 64 2.25 36 333 555 11.1 4.75 4.75 100 0.0 0.0 0.0 0.0 0.0
48 h. 4.75 3.75 78.9 1 21.1 25 50 25 2.75 2.75 100 0.0 0.0 0.0 0.0 0.0
Control 72 h. 4.25 3.25 76.5 1 23.5 50 25 25 2 2 100 0.0 0.0 0.0 0.0 0.0
7 days 2.25 1.75 77.8 0.5 22.2 50 50 0.0 0.25 0.25 100 0.0 0.0 0.0 0.0 0.0
Mean 4.4 3.18 743 1.2b 25.7 39.5 451 153 24 24 100 0.0a 0.0 0.0 0.0 0.0

In October F=3.40* and in November F=0.79™®, varroa injury means in a column with dissimilar letters differ significantly at 0.05 level of probability.
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Table 4: Impact of oils and Formic acid treatment on the injuries varroa mites during second treatment.
During October During November
Mean no. of  Mean no. of Mean no. of Mean no. of
Treatment  Time D(;Ife?;]g::. Normal injuries Tyil;lejsugife:iz.oa ll\l/ffa::; Normal injuries Tyil:l e}i:ife:i;:oa
varroa varroa fallen varroa varroa
varroa Mean % Mean % Mouth Leg Body varroa Mean % Mean % Mouth Leg Body
24 h. 14.25 9.75 68.4 4.5 31.5 333 389 27.8 17.75 13.75 77.4 4 22.5 37.5 50 12.5
. 48 h. 10 6.25 62.5 3.75 37.5 46.7 333 20 11 10 90.9 1 9.1 50 50 0.0
Oll])(t)ltlfol;ve 72 h. 5.75 3.75 65.2 2 34.7 50 37.5 125 4.5 2.75 6.1 1.75 38.8 42.9 429 143
board 7 days 2.5 2.25 90 0.25 10 100 0.0 0.0 0.75 0.75 100 0.0 0.0 0.0 0.0 0.0
Mean 8.12 5.5 715 2.6ab 284 57.5 36.5 20.1 8.5 6.8 49.2 22a 234 43.5 47.6 8.93
24 h. 11.75 6.5 55.3 5.25 44.6 38.1 28.6 333 20.75 18.25 87.9 2.5 12.1 50 50 0.0
48 h. 8.5 5 58.8 3.5 41.1 42.9 28.6  28.6 10.25 8.75 85.3 1.5 14.6 333 66.6 0.0
On the 72 h. 4.75 3 63.1 1.75 36.8 429 57.1 0.0 4 3 75 1 25 75 25 0.0
brood comb 7 gays 2.25 225 100 00 00 0.0 00 0.0 0.5 0.0 00 05 100 100 00 00
Mean 6.8 4.2 69.3 3.5ab 40.8 41.3 38.1 309 8.8 7.5 85.2 1.4a 15.9 64.5 354 0.0
24 h. 27.25 18.25 66.9 9 33.1 38.9 30.5 305 18.25 14.25 78.1 4 21.9 43.7 437 12.5
Held 48 h. 20.5 1475 71.9 5.75 28.1 47.8 26.1  26.1 10.5 8 67.1 2.5 23.8 40 40 20
between the 72 h. 12.25 7.75 63.2 4.5 36.7 44.4 50 5.6 2.75 1.75 63.6 1 36.3 50 50 0.0
brood 7 days 6.25 4.25 68 2 32 37.5 50 12.5 0.5 0.25 50 0.25 50 100 0.0 0.0
combs Mean 16.5 1125 675 53a 324 421 391 186 8 61 647 19a 33 584 334 82
24 h. 24 17.25 71.8 6.75 28.1 37.1 40.7 22.2 16 13.75 85.6 225 14.1 44 .4 444  11.1
48 h. 14.75 10.5 712 4.25 28.8 41.2 353 235 6.75 5 74.1 1.75 25.9 42.8 42.8 143
Formic acid 72 h. 8.25 6.25 75.7 2 24.2 62.5 25 12.5 1.25 1.25 100 0.0 0.0 0.0 0.0 0.0
65% 7 days 2.25 2.25 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 12.3 9.1 79.6 43a  20.2 46.9 295 194 6 5 86.5 1.3a 13.3 43.6 43.6 12.7
24 h. 7.5 5.75 76.6 1.75 23.3 57.1 28.6 143 8 6.75 84.3 1.25 15.6 60 40 0.0
48 h. 5.75 5.25 91.3 0.5 8.7 100 0.0 0.0 2 1.5 75 0.5 25 100 0.0 0.0
Control 72 h. 2.75 2 72.7 75 27.2 66.6 333 0.0 0.25 0.25 100 0.0 0.0 0.0 0.0 0.0
7 days 1.25 1.25 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 4.3 3.6 852 0.75b 14.8 55.9 15.5 3.6 2.6 2.1 86.4 0.4a 13.5 80 20 0.0

In October F= 2.48 ™ and in November F= 0.86 NS, varroa injury means in a column with dissimilar letters differ significantly at 0.05 level of probability.
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Table 5: Impact of oils and Formic acid treatment on the injuries varroa mites during third treatment.
During October During November
Mean no. of Mean no. of Mean no. of Mean no. of
Treatment  Time I\(i[fezf‘:llgl(:. Normal injuries Tyil:lejsu:ife‘s’i;:oa 1:{,??:} Normal injuries Tyil:l e;i:ife\s'iz'oa
varroa varroa fallen varroa varroa
varroa Mean % Mean % Mouth Leg Body varroa Mean % Mean % Mouth Leg Body
24 h. 23.5 17.25 734 6.25 26.6 40 32 28 16.25 11.75 72.3 4.5 27.7 50 44 .4 5.5
On the 48 h. 14.75 10.25 69.5 4.5 30.5 50 27.8 222 12.25 10.25 83.6 2 16.3 50 375 125
hive 72 h. 5.5 3.25 59.1 2.25 40.9 55.6 333  11.1 2.25 1.75 77.7 0.5 22.2 50 50 0.0
bottom 7 days 2.25 1.75 77.7 0.5 22.2 0.0 100 0.0 0.25 0.25 100 0.0 0.0 0.0 0.0 0.0
board Mean 11.5 8.2 69.9 3.4ab 30.1 36.4 48.2 153 7.75 6 834 1.75a 16.5 50 43.9 6
24 h. 10.25 6.75 65.8 3.5 34.1 57.1 35.7 7.1 19.25 17.75 92.2 1.5 7.8 50 50 0.0
48 h. 7 4.75 67.8 2.25 32.1 22.2 66.6 11.1 11.5 10.25 89.1 1.25 10.8 40 60 0.0
(;;lotol:f 72 h. 3.5 2.75 78.5 0.75 21.4 66.6 333 0.0 1.25 0.0 0.0 1.25 100 60 40 0.0
comb 7 days 1.25 1.25 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 5.5 3.8 781 1.6ab 21.9 48.6 45.2 6.6 8 7 60.4 1.0a 39.5 50 50 0.0
24 h. 27.25 16.5 60.5 10.75 394 37.2 30.2  32.6 25.75 18.75 72.8 7 27.1 25 535 214
Held 48 h. 18.5 12.5 67.5 6 324 45.8 37.5 16.6 12.5 8.25 66 4.25 34 47.1 353 17.6
between 72 h. 9.5 5.75 60.5 3.75 39.4 40 46.6 133 1.75 0.25 14.2 1.5 85 50 333  16.6
the brood 7 gays 2.75 2 727 075 272 666 333 00 0.0 0.0 00 00 00 0.0 00 00
combs Mean 145 367 653 53a 346 474 369 156 10 681 51 32a 487 407 407 185
24 h. 19 15 78.9 4 21.1 50 18.7 312 16.25 13.5 83.1 2.75 16.9 36.3 54.5 9.1
48 h. 12.75 7.75 60.7 5 39.2 45 35 20 8 6.75 84.3 1.25 15.6 80 20 0.0
Formic 72 h. 3.75 3.75 100 0.0 0.0 0.0 0.0 0.0 1 0.25 25 0.75 75 333 66.6 0.0
acid 65% 7 days 1.25 125 100 00 00 0.0 00 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0
Mean 9.2 6.9 84.9 2.25ab 15.1 47.5 26.8 25.6 6.3 5.1 64.1 1.2a  35.8 49.8 47.1 3.1
24 h. 4.75 4 84.2 0.75 15.7 66.6 333 0.0 6.75 5.75 85.2 1 14.8 50 50 0.0
48 h. 2.75 2.25 81.8 0.5 18.1 50 50 0.0 1 1 100 0.0 0.0 0.0 0.0 0.0
Control 72 h. 1.25 1.25 100 0.0 0.0 0.0 0.0 0.0 0.5 0.25 50 0.25 50 100 0.0 0.0
7 days 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.25 0.25 100 0.0 0.0 0.0 0.0 0.0
Mean 2.2 1.9 88.7 0.3b 11.3 58.3 41.7 0.0 2.1 1.8 83.8 03a 16.2 75 25 0.0

In October F=2.21 ™ and in November F= 1.48 NS, varroa injury means in a column with dissimilar letters differ significantly at 0.05 level of probability.
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Table 6: Impact of oils and Formic acid treatment on the injuries varroa mites during fourth treatment.
During October During November
Mean no. of  Mean no. of Types of varroa Mean Mean no. of Mean no. of Types of varroa
Mean no. Normal injuries injuries no. of Normal injuries injuries
Treatment Time of fallen varroa varroa % fallen varroa varroa %
varroa Mean % Mean % Mouth Leg Body varroa Mean % Mean % Mouth Leg Body

24 h. 17.75 1475 83.1 3 16.9 50 41.6 8.3 11 9.25 84.1 1.75 15.9 57.1 42.8 0.0
. 48 h. 11.5 7 60.9 4.5 39.1 44 .4 444 11.1 1.5 1 66.6 0.5 33.3 50 50 0.0
O‘;)(t)'t‘folr‘;ve 72 h. 3.75 325 8.7 05 133 50 50 0.0 0.0 00 00 00 00 00 00 00
board 7 days 1.0 1.0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 8.5 6.5 82.7 2.0ab 17.3 48.16. 453 4.6 6.25 5.1 75.4 1.2a  24.6 53.5 46.4 0.0
24 h. 13 9.5 73.1 3.5 26.9 35.7 357 28.6 9.75 9.25 94.8 0.5 5.1 50 50 0.0
48 h. 8.25 5.5 66.6 275 333 45.5 364 182 0.75 0.25 333 0.5 66.6 100 0.0 0.0
On the 72 h. 4.25 3.75 88.2 0.5 11.8 50 50 0.0 0.25 0.0 0.0 0.25 100 100 0.0 0.0
brood comb 7 gays 0.5 05 100 00 00 0.0 00 0.0 0.0 0.0 00 00 00 0.0 00 00
Mean 6.5 4.81 81.9 1.6ab 18 43.7 40.7 15.6 2.7 2.4 42.7 1.6a 57.2 83.3 16.6 0.0
24 h. 23 14 60.8 9 39.1 41.7 333  0.25 11.75 8.25 70.2 3.5 29.8 28.5 50 21.4
Held 48 h. 15.25 10.75  70.5 4.5 29.5 38.9 27.7 333 1.25 0.25 20 1 80 75 25 0.0
between the 72 h. 8.25 6.25 75.7 2 24.2 37.5 62.5 0.0 0.75 0.5 66.6 025 333 100 0.0 0.0
brood 7 days 2.25 2 88.8 0.25 11.1 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
combs Mean 12.2 825 739 39a 259 545 308 167 4.6 30 523 16a 477 678 25 71
24 h. 18 15 83.3 3 16.6 333 41.6 25 8.75 7.75 88.5 1 11.4 50 50 0.0
48 h. 10.25 7.75 75.6 2.5 24.4 50 30 20 0.75 0.25 333 0.5 66.6 50 50 0.0
Formic acid 72 h. 3.75 3.25 86.7 0.5 13.3 50 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
65% 7 days 0.5 0.5 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 8.1 6.6 864 1.5ab 13.6 44.4 40.5 15 4.75 4 60.9 0.75a 39 50 50 0.0
24 h. 4.5 4.25 944 025 5.5 100 0.0 0.0 425 3.75 88.2 0.5 11.8 50 50 0.0
48 h. 1.5 1.5 100 0.0 0.0 0.0 0.0 0.0 0.25 0.0 0.0 0.25 100 100 0.0 0.0
Control 72 h. 0.75 0.5 66.6 0.25 333 0.0 0.0 0.0 0.5 0.25 50 0.25 50 100 0.0 0.0
7 days 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.25 0.25 100 0.0 0.0 0.0 0.0 0.0
Mean 2.25 2.1 87 0.33b 129 100 0.0 0.0 1.3 1.1 59.6 0.25a 404 83.3 16.6 0.0

In October F= 1.56 ™ and in November F= 0.81™, varroa injury means in a column with dissimilar letters differ significantly at 0.05 level of probability.
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The obtained results are in agreement with the findings of Islam et al., (2016) who recorded that
the highest total number of dead Varroa mites fallen on the sheet was counted by Formic acid followed
by lemon grass, thyme, mint and rosemary respectively. Abd El-Wahab ef al., (2012) summarized that
a highest reduction percentage of varroa infestation on adult bee workers at the highest concentration
(100%) of Formic acid, Thyme, Cinnamon, Lemongrass and Anise whereas more than 96% reduction
in infestation percentage of worker brood. Increasing the mean number of varroa mite fallen on the hive
bottom board in colonies treated with essential oils may be due to the activation of the defense behaviour
mechanisms of adult bee workers by these plant oils against varroa mite. Zakaria and Allam (2007)
observed that the mean number of cutting varroa bodies by bee workers was 18.6% with formic acid
treatment, while in colonies treated with black cumin oil was 14.1% in comparison with control which
recorded 4.3% of varroa mite fallen on the sheet. Salem e al., (1998) found that the honey bee colonies
which fed on Neem extract resulted the highest mean number of varroa mite fallen on the sheet. They
suggested that these extracts caused changes in the haemolymph of honey bee workers and therefore
increased the number of varroa mite fallen on the hive bottom board. Abd El-Wahab (2001) stated that
some defense behaviour mechanisms against varroa mite were detected in some races and hybrids of
honey bees. These mechanisms resulted in increasing the number of fallen varroa mite on the hive
bottom board.
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