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Abstract— This study was conducted in Twelve apiaries in
Al-Diwaniyah Governorate from May 2024 - August 2025 to
demonstrated the efficiency of natural extracts as safe
alternatives to chemical pesticides in eliminating the Varroa
mite parasitizing in honeybee hives . Eucalyptus oil was
extracted using a Soxhlet device, and garlic extract was
obtained by enzymatic hydrolysis and maceration. The
compound 1,8-cineole was purified and analyzed using
HPLC.The field study included twelves apiaries in Al-
Diwaniyah Governorate, divided into four groups: three
treatment groups (garlic 10%, eucalyptus 10%, cineole 2%)
and one control group. The hives were sprayed three times
over 10 days, and the therapeutic efficacy of the extracts in
controlling Varroa mites was measured by counting the
number of falling mites periodically. Garlic extract (10%) was
the most effective treatment with high therapeutic efficiency,
the percentage ranged between 97.0% - 97.2% compared to
the control group . Eucalyptus extract at a concentration of
10% showed good efficacy, reaching 90.9%, but it remained
second only to garlic. Cineole -1,8 at a concentration of 2%
came in third place with a lower therapeutic efficiency of
84.7%, which may be attributed to its low concentration used
in the study. Conclusions: This study showed that garlic
extract (10%) was the most effective treatment and showed
that these extracts do not cause any side effects to honeybees,
and no abnormal mortality rates were observed in the treated
hives.

Keywords — Garlic, Eucalyptus, Cineole, Varroa mite,
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INTRODUCTION
Honeybee (Apis mellifera L.) farming is a cornerstone of
global ecosystems and agriculture, given its vital role in crop
pollination and ensuring food security. However, this industry
faces significant threats from insect, mite, and parasitic pests,
most notably the Varroa destructor mite, which causes the
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collapse of bee colonies and substantial economic losses
globally, resulting in the loss of millions of colonies
worldwide (1). While synthetic acaricides are widely used to
control Varroa infestations, their overuse has led to the
emergence of resistant strains and adverse effects on the host,
creating an urgent need for a new acaricide that is effective,
cost-effective, and safe for use on bees (2).

Varroosis in honey bees is currently the most serious
problem in beekeeping. This parasitic species is called Varroa
spp. The Varroidae family comprises several distinct species.
Varroaosis, the medical term for the disease caused by these
parasites feeding on bee larvae in the hive, is a significant
concern. These mites have a devastating impact on all stages
of honeybee life (3), infecting brood and adult bees. They
primarily feed on the host's fat, causing deformities and
shortening the lifespan of adult bees. The mites are also
vectors for viral bee diseases such as bag brood and acute
paralysis (4).

Over the past decades, strategies for controlling these mites
have relied mainly on synthetic acaricides such as fluvalinates
and amitraz. While initially effective, the intensive use of
these substances has led to the emergence of resistant mite
strains, as well as the risks associated with the accumulation of
toxic chemical residues in bee products like honey and wax,
posing a threat to consumer health. The urgent need to develop
highly effective and environmentally safe natural alternatives
has become apparent (2).

Essential oils extracted from medicinal plants are among the
most promising alternatives, particularly garlic, eucalyptus,
and 1,8-cineole the main component of eucalyptus spp. oil.
Studies have shown that cineole possesses acaricidal
properties and is effective against many other insect pests
through multiple mechanisms of action. It inhibits
acetylcholinesterase in the pest's nervous system (5,6). Field
research indicates that cineole-rich extracts, when applied at
controlled concentrations, can achieve eradication rates
exceeding 96% against Varroa mites while preserving the
health of bees and hives (7,8).
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In addition to its effectiveness Against Varroa , cineole has
shown remarkable efficiency in controlling other agricultural
pests such as red spider mites, making it an ideal candidate to
be a cornerstone of Integrated Pest Management (IPM)
programs as a bio-based alternative to traditional chemical
pesticides. However, further research is still needed regarding
the stability of this substance and the impact of climatic
conditions and ambient temperatures on its effectiveness
during field application. This study aimed to evaluate the
efficiency of the aforementioned natural extracts as safe bio-
alternatives in combating the Varroa mite, which infests
honeybee hives, while comparing the effectiveness of these
components at different concentrations and determining their
ability to reduce infestation rates in field apiaries.

MATERIALS AND MTHODS

Extraction of Essential Oil from Eucalyptus Leaves

The essential oil was extracted from eucalyptus (Eucalyptus
Globulus) leaves using a Soxhlet apparatus (BIOBASE,
China) according to standard procedures 1SO6571:2008 (9)
with minor modifications. An organic solvent (Acetonitrile
grade (HPLC) and Cynor Laboratories) was used at a ratio of
1:6 w/v in a round-bottom flask, and the extraction process
continued for 6 hours until the active ingredient was
completely depleted. The resulting extract was treated using a
rotary evaporator under reduced pressure at 40°C to
completely remove the solvent. The oil yield was calculated
based on the dry weight of the plant material using the
following equation:

Yield (%) = Mass of extracted oil (g) / Mass of dry plant
material (g) x 100

The oil was then stored in opaque glass bottles at 4°C,
protected from light.

Extraction of Active Compounds from Garlic

To prepare the garlic oil (Allium sativum )according to (10),
AOAC Method 920.39 (2019). The filtrate was concentrated
using freeze-drying or vacuum evaporation to obtain a highly
concentrated crude extract, which was then stored under
freezing conditions (-20°C) to ensure the stability of allicin
and other sulfur compounds.
Purification and Analysis of 1,8-Cineole by HPLC

The purification and quantitative analysis of 1,8-Cineole

were performed using high-performance liquid
chromatography (HPLC) according to protocol (10).
Chromatography  (HPLC) Rotary evaporator Waters

Corporation USA) to ensure the accuracy of the laboratory
results.) The sample wasxpreptead by dissolving the extract in
an HPLC-grade solvent, followed by aching and filtration
using 0.45 pm micro-injection filters. The protocol employed
a mobile phase and a constant flow rate through the column
under controlled thermal conditions. Cineole was identified
and its purity determined by matching the retention time to
standard reference values. The concentration was calculated
based on the chromatographic peak area using the instrument's
analytical software, allowing for highly accurate final graphs.
Spray Method

Twelve (12) randomly selected apiaries from several
apiaries in Al-Diwaniyah Governorate were chosen from the
Agricultural Preparatory Station, Al-Furat District, Al-Siniyah
District, Nafar District (three apiaries), Al-Daghara District,
Al-Budair District, Sumer District (two apiaries), and Al-
Hamza Al-Sharqi. The selection period was from March 25,
2024 - August 25, 2025. The apiaries were confirmed to be
infested with Varroa mites through direct visual inspection.
Infestation and uniformity of Varroa mite severity were
confirmed in all selected apiaries. A 1:1 sugar solution was
provided to all colonies throughout the experiment, and
temperature and relative humidity were measured.

The spraying process was carried out according to the
method of (11) with some minor modifications, such as the
type of extract, concentration, and treatment duration, as
follows: The apiaries were divided into four experimental
groups: three treated groups (each group containing three
apiaries for each extract) and a fourth control group. Each
frame of the apiary was sprayed. The bee-covered hives were
sprayed with approximately 20 ml of a 10% garlic extract,
prepared by distillation, after being manually lifted. The total
volume of each hive was approximately 60 ml throughout the
experiment. The inner frames of the hive were sprayed using a
500 ml handheld plastic sprayer, ensuring a uniform mist
throughout the hive. Each hive was sprayed three times (3
replicates) over a 10-day period (days 1, 5, and 10). After each
treatment, Varroa mites were observed falling onto petroleum
jelly-coated plates placed at the bottom of the hives. These
plates were replaced and checked periodically between sprays
to count the number of fallen (dead) mites and calculate the
average and efficiency rate of the extract. The same spraying
process was repeated for the remaining extracts (eucalyptus
10% and cineole 2%) in the remaining hives at the same time
and location. The control hives were sprayed with the same
volume of distilled water for the same duration (11).
Statistical Analysis:

The replicates were used. Replications were used to reduce
random error, and ANOVA was performed to determine the
significant differences between the treated colonies and the
control group. The Least Significant Difference (LSD) test
was also used, in addition to calculating the arithmetic mean
and efficiency ratio to measure the effectiveness of the
extracts compared to the control group.
1-Arithmetic Mean Equation and Efficiency Percentage
(Abbotts formula ): This is used to calculate the mite fallout
rate in the different replicates (treatments) for each colony
type according (11)

Y x=total of replications
n = numbers of replications

2- Efficiency Percentage) Abbotts formula) .
Efficiency % = ((“==) X 100

mt =Mortality rate in the treatment group.
mc =Natural mortality rate in the control group
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to convert the ratio to a )A constant mathematical coefficient :100
.(percentage

RESULT

Effect of the studied plant extracts on the infestation and
mite drop rate in honeybee hives

Effect of 10% garlic extract

The results of the current study on the effect of 10% garlic
extract, as shown in Table (1), demonstrated the superiority of
the extract over all other extract treatments in reducing the
number of Varroa mites infesting bees and falling on the filter
paper placed at the bottom of the hive after treatment. This
was observed in all three treatments, with a 10-day interval
between treatments. The number of mites decreased
significantly in all three colonies where the garlic extract was
used. The results showed that the garlic extract achieved the
highest Varroa mite fall rates and the highest therapeutic
efficiency. The total number of mites falling in the four colony
(A, B, D, and C) ranged between 132 and 139, with hive (B)
recording the highest average fall rate of 46.3 £ 2.52. As for
the therapeutic efficiency, the percentage ranged between
97.0% and 97.2% compared to the control group, which are
very similar percentages in all colonies and confirm the high
effectiveness of garlic in reducing Varroa infection.

Table 1. Effect of 10% garlic oil extract on the rate of Varroa
mite drop and therapeutic efficiency.

Colony Mite drop No. Rttzl Mean | T.E.

0,

No. | T.1|T.2| T3 | groo | £LSD | %
4533

A a7 | a5 | 4| 136 | DF | e7a
46.33+

B |49 |44 |46 | 130 |O0F | 072

C 50 | 47 | 42 | 139 466354 97.2
4401+

D | 45 |45 | 42| 132 |49 70

T.1,2,3= Treatments T.E.= Therapeutic efficiency

Effect of 10% Eucalyptus Extract

The effect of 10% eucalyptus extract showed high efficiency
in all treatments and all colonies, but less than that of garlic
extract, with the total number of mites falling mite ranging
from 27 to 43. Colony (B) recorded the highest average falling
mite at approximately 13.32 + 14.3, while the highest
therapeutic efficiency rate was 90.9% in colony (B), and the
lowest was 85.6% in colony (D), compared to the control
group. The average total number of mites falling at the bottom
of the colony was found to increase, reaching 33, 43, 31, and
27 respectively after the third treatment in all colonies, as
shown in Table (2).

Table 2. Effect of 10% eucalyptus extract on the rate of
Varroa mite drop and the percentage of therapeutic efficiency

Mite drop No. Total T.E.

Colony Mean

No- | 19 | 12 |73 (Tr'gg *LSD o %
A 22 | o |2 | 3 |05 ] g5
B 20 | 1 | 3 | a3 | 3% 1 g0g
C 20 | 8 | 2 | 3 | 20| 874
D 0 | 7 |1 | | P ess

T.1,2,3= Treatments T.E. = Therapeutic efficiency %

The effectiveness of eucalyptus extract in the current study
came in second place with a mean therapeutic efficiency of
(88.0%). This is because the presence of the compound 1,8-
cineole as a main component, in addition to the presence of
the various components of eucalyptus oils, and not just the
cineole alone. This was confirmed by conducting an HPLC
examination of eucalyptus leaves to identify the most
important chemical compounds. This experiment in the
current study revealed that the cineole compound reached
63.1%, as shown in Figure (1), which enabled these leaves to
eliminate the Varroa mite. The results suggest that 1,8-cineole
may contribute significantly to the observed acaricidal activity
against Varroa mite . However, the overall effectiveness of the
eucalyptus extract could also be attributed to the synergistic
effects between 1,8-cineole and other minor volatile
constituents present in the essential oil.

Figure 1. Chemoanaslysis of eucalyptus leaves by HPLC
explained the presence of cineole as a major component.

Effect of 2% 1,8- Cineole

A 2% concentration of 1,8-Cineole ranked third in terms of
effect, as shown in Table (3). The total number of falling mite
mites ranged between 9 and 17, and (B and D) colonies
recorded the highest average falling mite at 84.7. However,
the percentage of therapeutic efficiency varied significantly,
with colonies (B and D) recording a rate of 84.7%, while it
decreased in colony (A) to 71.1%. (Table 3).

Table 3. Effect of 2% cineole on Varroa mite drop rate and
therapeutic efficiency.
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ESTD:2928
1558 3040-840

Slony Mite drop No. 'II;/CIJittaeI Mian TE
- 0,
No. T.1 | T.2| T3] drop | LSD /o
3.61
A 7 2 0 9 +3.00 71.1
6.03
B 12 5 0 17 +5.67 84.7
4.00
C 9 3 0 12 458+ 78.3
6.66
D 13 4 0 17 5 67+ 84.7
T.1,2,3= Treatments T.R.= Therapeutic efficiency %
Table 4. ANOVA results for the effect of garlic,
eucalyptus and cineole extracts on mite drop and
therapeutic efficiency.
—ytract Average of '\4‘3;” Significant
Con.% | Mitedrop (‘;/ )' difference
+SD 0 (LSD)
. 45.55
Garlic 10 +1.05 a 97.1 a A
ucalyptu o 11.17
s 10% 4296 b 88.0 b B
. 4.58
~ 0,
Cineole 2% +130 cd 79.7¢ cd
~ 111
Control -- +0.38 d 0.00 d d
LSD R
P<0.05) 6.42

T.R.= Therapeutic efficiency %
* significant differences at (P<0.05) df= 3 df erroe = 12
LSD(P<0.05)=6.20  T.R.= Therapeutic efficiency %

Control Group

The results in the control group and the treatment with
distilled water, as shown in Table (5), showed a very natural
decrease in the falling of the mite, as the total number of
falling mite mites did not exceed 2-4 mites only in all
colonies, and the percentage of therapeutic efficiency reached
0.00% for all colonies, which confirms that the mite drop was
natural and not the result of any therapeutic efficiency, unlike
the rest of the treatments with plant extracts.

Table 5. The rate of Varroa Mite drop in the control group
(Distilled water) .

colony Mite drop No. To_tal Mean TR

No T Mite + %
' T1 | T.2 3 drop LSD

A 1 1 0 2 _'%6578 71.1
1.30

B 1 1 2 4 £ 053 84.7

C 1 1 2 4 f 40508 78.3
0.58

D 1 1 2 4 1133 0.0

Total 4%6578 0.0

T.1,2,3= Treatments T.R.= Therapeutic efficiency %

As for the results of the statistical comparison, according to
Table (4), which shows the comprehensive comparison
between the different extracts and the control group, clear and
significant differences appeared at the probability level (P <
0.05) and an LSD value of 6.20. Garlic extract significantly
outperformed the other treatments, recording the highest
average mite fallout (45.5%) and the highest therapeutic
efficiency (97.1%). Eucalyptus extract came in second,
significantly ahead of garlic and cineole, with a therapeutic
efficiency of (88.0%). Cineole recorded the lowest therapeutic
efficiency among the substances used (78.97%), but it
remained significantly superior to the control group. The
results demonstrated clear statistically significant differences
between all groups, indicating varying therapeutic efficiency
of these substances in controlling Varroa mites.

Through statistical significance and variance between
replicates, the statistical analysis and LSD value (6.20)
showed that the differences between treatments were highly
significant, supporting the hypothesis that each extract has a
different mechanism of action. The consistency of the garlic
oil results (between 97.0% and 97.2%) indicates high
reliability in field application, while the noticeable variability
in the cineole results (between 71.1% and 84.7%) may be due
to the sensitivity of this substance to intracolonyular
distribution or the varying strength of the initial infestation in
those replicates. These results indicated that the garlic extract
had a consistent and continuous effect on the deciduous mite
during the three treatments, reaching 1.05 + 45.50. This
indicates that the highest reduction in Varroa mites was
achieved using the garlic extract, with an efficiency of 97.1%.
The same trend was observed for both eucalyptus and cineole
extracts, but with a lower effect, with an efficiency of 0.88%
for eucalyptus and 7.79% for cineole, as shown in the table (
4).

Discussion

Herbs and essential oils play a significant role in combating
bee diseases and pests, offering an alternative to synthetic
chemical pesticides. These essential oils do not cause any
harmful effects on bee colonies or negatively impact their
growth. Furthermore, the use of herbs and essential oils
supports organic production and prevents contamination of
bee products such as honey, beeswax, and others with waste.
At the same time, they are highly toxic to Varroa mites, leave
no residue on hive products, and do not induce resistance in
bees. These essential oils are considered safer for bees (12).
Effect of Garlic Extract

The results were consistent with the findings of the study by
(12) to evaluate the effectiveness and persistence of the effect
of some essential oils such as garlic, turmeric, ajoene,
cinnamon, lavender, and formic acid against Varroa mites in
honeybee colonies in India. The results revealed that the
highest mortality rate was 77.54% with the highest rate of
brood development when using garlic oil. Colony’s treated
with the other oils also showed good persistence of the effect;
Varroa mortality rates ranged between 66.54% and 77.54%,
and an increase in brood development after three weeks of
exposure to the treatment. This also aligns with the findings of
the study by (13), which evaluated the effectiveness of six
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volatile essential oils compared to formic acid and apistan
strips against Varroa mites. The results showed that garlic oil
was superior in reducing Varroa mite populations after
treatment, with a significant improvement in the bees'
defensive behavior. This also agrees with the study of (14)
who found that using garlic extract in treatment led to a clear
90% reduction in Varroa mite populations. The high efficacy
of garlic extract is primarily attributed to the mechanical
crushing of bulbs, which triggers the Alliinase enzyme to
convert alliin into Allicin. Allicin is a potent organosulfur
compound that exerts a strong neurotoxic and respiratory
effect on Varroa mites upon contact or inhalation.
Furthermore, the 24-hour maceration process and storage at -
20°C ensured the stability and high concentration of these
active sulfur components)12).

Effect of Eucalyptus Extract

The results of the current study are consistent with the study
by (5), which aimed to determine the chemical composition,
toxicity, and field efficiency of the essential oil. Distilled from
eucalyptus leaves, the study focused on the essential oil of the
species Eucalyptus globulus, prevalent in Algeria, as an
acaricide for Varroa mite control. Its toxicity was measured on
bee colonies infested with the mites. Field tests confirmed the
toxicity and efficiency of cineole oil, extracted from the leaves
by steam distillation, as a Varroa mite control agent. The study
concluded that combining eucalyptus oil (1,8-cineole) and
thymol achieves greater efficiency than using either alone,
making it a promising alternative to traditional commercial
treatments due to its effectiveness and safety.

This aligns with the findings of the study by (16), which
aimed to determine and guide the efficiency of thyme,
eucalyptus, and oxalic acid oils in controlling Varroa mites on
honeybees, evaluating the therapeutic potential of these
natural substances as alternatives to traditional chemical
pesticides. The results showed that all tested substances had a
lethal effect on the Varroa mite, except for oxalic acid. Oxalic
acid oil recorded the highest efficacy, followed by thyme oil,
while eucalyptus oil was the least effective, ranking third. (17)
also indicated that eucalyptus oil had the lowest Varroa
mortality rate at 65%, after peppermint, and a bee mortality
rate of approximately 10%, making it less attractive for
specialized control compared to peppermint.

Effect of 1,8-Cineole Compound

The current study, through compound analysis using HPLC,
revealed that 1,8-Cineole in eucalyptus leaves is the dominant
compound, comprising 63.1%, as shown in Figure (1). This
enabled the leaves to eliminate the Varroa mite, consistent
with the findings of (5). The moderate efficacy of the 2%
cineole treatment compared to the whole eucalyptus oil and
garlic extract may be attributed to the synergistic interaction
between 1,8-cineole and other minor constituents present in
the crude oil, which are absent in the purified form.
Additionally, the superior performance of garlic extract (10%)
suggests that organosulfur compounds, such as allicin, possess
higher acute toxicity against Varroa mites than terpenes at the
tested concentrations.

These conclusions also align with those of (18), who stated
that the efficiency of essential oils depends primarily on hive

temperature and temperature. The active ingredient
evaporates, as cineole requires higher concentrations or slow-
release techniques to achieve results comparable to sulfur
compounds. The results of the current study are consistent
with those of (1) and (8), who found that this effect is related
to the chemical composition of these plants. This aligns with
the findings of (5), who found that the aromatic eucalyptus
extract has moderate toxicity, meaning it has a moderate effect
in killing the parasite. The aim of selecting these essential oils
was to demonstrate the potential of using eucalyptus as a
natural means of controlling the Varroa mite without harming
the environment or bees.

Alsadi et al. (19) demonstrated the lethal effect of nine
essential oils on the Varroa mite. Using oils extracted from
plant materials at varying concentrations, the results showed
the oils' effectiveness against the mites while preserving bee
health. This suggests the possibility of using these oils as
natural control agents and reducing reliance on synthetic
chemicals. Similarly, Alaux et al. (20) indicated that Varroa
mite infestation in bee colonies makes bees more susceptible
to other diseases, such as viruses and bacteria. They found that
the use of chemicals by beekeepers to manage Varroa mites is
the most common control method. However, this method does
not lead to complete control. Garlic extract may be an
effective alternative to formic acid, a chemical treatment
widely used in honeybee colonies against Varroa mites. This
suggests significant differences in treatment for each extract at
a probability level of (P < 0.05). Overall, this study
investigated the use of these extracts against mites. Varroa
mites within honeybee colonies are highly effective, and the
use of these essential oils for Varroa treatment is constantly
evolving. This aligns with the findings of (21), who
discovered that a mixture of two or more essential oils
extracted from plant materials can reduce Varroa mite
populations. This is also consistent with the findings of (22).

Based on these results, this study demonstrates that the use
of natural extracts, particularly garlic oil at a concentration of
10%, represents a safe and effective alternative to
manufactured chemical pesticides. The high drop rate in the
treated groups compared to the control group, which recorded
0.00% effectiveness, confirms that these natural substances
possess acaricidal properties capable of disrupting the
parasite's life cycle and reducing its economic damage to
honeybee colonies. In conclusion, Varroa mites should be
managed continuously (monthly) within honeybee colonies
using mechanical methods. However, the concentration of
these extracts and the appropriate timing of treatment are two
important factors that must be considered in the apiary .

Conclusions

The results of this study showed that the tested plant
extracts possess effective Varroa mite control properties under
field conditions. Garlic extract (10%) and eucalyptus oil
achieved the highest therapeutic efficacy, with statistically
significant differences (P < 0.05) compared to the cineole
compound group (2%) and the control group, according to the
least significant difference (LSD) test .These results indicate
that the efficacy of these natural treatments is highly
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dependent on the concentration used and is affected by
environmental conditions, specifically the high temperatures
characteristic of the study area in Diwaniyah, which may have
contributed to increased volatilization of the active
compounds. It is important to note that although high mite
mortality rates were recorded, this study did not directly
measure the cleaning or hygiene behavior of honeybees;
therefore, the results obtained are primarily attributed to the
direct chemototoxicity (via contact and inhalation) of the
extracts. This study recommends further researches to evaluate
these treatments across different seasons and at varying
concentrations to improve their use within integrated pest
management programs.
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