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Extensive use of acaricides like coumaphos, amitraz, flumethrin, and fluvalinate for the control of mites has led to the
development of resistance and residues in bee hive products. Therefore, to overcome these situations, there is an urgent
need to use natural compounds like organic acids. The present experiment was carried out at Honeybee Research Institute
(HBRI), National Agricultural Research Centre (NARC), Islamabad to assess the efficacy of 60%, 65%, and 70%
formulations of formic acid at three different doses i.e., 5ml, 10ml, and 15ml against Varroa destructor. The results showed
that a 15ml dose of 65% formic acid caused the highest mean mortality of V. destructor (319 individuals) followed by 15ml
of 70% formulation (249 individuals), 10ml of 65% formulation (238.33 individuals), and 15ml of 60% formulation (185.67
individuals).The highest efficacy against V. destructor was recorded at a 15ml dose of 65% formulation (84.31%) of formic
acid followed by 10ml of 65% formulation (76.50%), 15ml of 70% formulation (63.34%), 5ml of 65% formulation (59.75%)
and 10ml of 70% formulation (56.22%).It is concluded that the application of 65% formic acid with a dose of 15ml per
colony is the most effective for the control of V. destructor mites in Apis mellifera colonies without any detrimental effects
on the adult workers and their brood. Further studies should focus on the efficacy of formic acid and other organic acids or
essential oils combinations on ectoparasitic mites.
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INTRODUCTION to apiculture (Pefia-Chora et al 2023).Apis

Honeybees as the best pollinator play a key role in
the ecosystem functioning and crop productivity. It has
been found that about 35% of crop plants are pollinated
by pollinators, especially honeybees (Klein et al . 2007;
Garibaldi et al . 2013).Nowadays, it has been recorded
that approximately 4,000 beekeepers in Pakistan are
rearing 0.4 million colonies of Apis mellifera and
producing ten thousand metric tons of honey each year
which benefits 27,000 families (PARC, 2010-11). The
colonies of A. mellifera are attacked by several pests like
mites, greater wax moth, small hive beetle, hornets, and
diseases like chalkbrood, foulbrood, Nosema, and viral
diseases (Tan et al . 2007; Pefia-Chora et al . 2023). The
ectoparasitic mites, Varroa destructor is the single factor
responsible for the declining of honeybee, Apis mellifera
health worldwide and causing greater economic losses to
apiculture industry in Pakistan (Noor et al. 2023).

Among them, one of the predominantly important
pests is the Varroa destructor which is distributed
throughout the world and is considered the major threat

mellifera and A. cerana are severely affected by V.
destructor which causes severe damage to honeybee
health and because of its social behavior, this mite widely
transferred from the infected colony to other healthy
colonies(Nekoei et al . 2023).Feeding by V. destructor
may damage the different stages of honeybees such as
weight, young one’s lifecycle, immunity, and performance
of adult workers (Ramsey et al . 2019). In Pakistan,
Varroa mite became a serious pest of A. mellifera and
damaged honeybee colonies in greater numbers (Ahmad,
1988; Sajid et al . 2020). Few studies have reported that
V. destructor becomes a serious pest of honeybee
colonies that causes severe economic loss to the
apiculture (Anderson and Trueman, 2000). De Jong
(1990) found that V. destructor can cause 100% mortality
in A. mellifera colonies if left untreated for two consecutive
years.

Various synthetic chemicals are used by beekeepers
for the control of Varroa mite and extensive use of these
chemicals cause resistance in mites. For the control of
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this mite integrated-based approach should be adopted
but sometimes did not show efficient results due to the
complicated lifecycle of mites (Jack and Ellis,
2021).Honeybee colonies are weakened worldwide and
have an alarming situation due to population decline.
Researchers suggest that all the suitable methods for the
control of mites should be adopted and those matricides’
should be banned that cause resistance in mites as well
as improvement in the hive hygienic technologies to
reduce the diseases. Moreover, some insect pests of
honeybees serve as a vector that transfer diseases
resulting in the reduction of honey production and
ultimately economy (Matthijs et al. 2020).

Various types of treatments are used by beekeepers
for the control of Varroa destructor. Reliable controlling
measures are still unknown that may decrease the
population of this ectoparasite.To tackle this issue,
different control measures including tartaric, lactic, formic,
and citric acids can be applied (Vilarem et al . 2023).Vimla
and Khan (2013) reported that formic acid causes 72.94%
mortality in mites when used for up to three weeks.
Petropolis and Formato (2022) found that the application
of 60% formic acid concentration with a 290 ml dose
showed higher mortality of V. destructor in treated
colonies as compared to untreated colonies. Most of the
work from Pakistan has been done on the application of
different formulations of formic acid toreduce the
population ofectoparasitic mites (Qadiret al . 2021,
Mahmood et al . 2011; 2012; Islam et al . 2017). The
literature regarding the use of different doses of formic
acid formulations is scarce (Qadir et al. 2021).

Therefore, keeping in view the importance of
honeybee mites, this experiment was designed to
measure the efficacy of different formulations of formic
acid at three different doses against V. destructor in A.
mellifera colonies.

MATERIALS AND METHODS

Study area

The experiment was conducted from July to August
at the apiary of Honey Bee Research Institute (HBRI)
(33°40'31"N 73°07'34"E; 508 m above sea level), National
Agricultural Research Centre (NARC), and Islamabad,
Pakistan.

Colony selection

Thirty honeybee colonies naturally infested with
Varroa destructor mites were selected for the experiment.
week before treatments were applied, adults by sugar roll
method (Gregorc et al 2017) and sealed brood
populations by opening 100 cells of worker brood
(Mahmood et al . 2012)of test colonies were assessed for
V. destructor infestation. In selected Langstroth hives,
each bee colony had ten complete frames of worker bees
and three to five brood frames. A bottom board tray
consisting of a white for mica sheet under the mesh was

placed in each hive for the collection of fallen mites (Islam
et al. 2017). To restrict the entry of bees in the bottom
board tray, wire screen was placed to cover the formica
sheet (Calderone and Lin, 2003; Gregorc and Planinc,
2005). Ten treatment groups were randomly allocated to
honeybee colonies. For each dose of formic acid
formulations, three colonies were used. For control, three
colonies were selected and remained untreated (Satta et
al. 2005).

Chemical formulations and doses

Three formulations of formic acid with 85% Purity i.e.,
60%, 65%, and 70% were used. Because this is locally
available in the market and beekeepers are using it for the
treatment. Three doses i.e., 5ml, 10ml, and 15ml for each
formulation were applied to the selected honeybee
colonies. The doses of each formulation were applied on
the card of 2 x 2 inches with the help of a syringe
(Mahmood et al . 2012).

Mortality of Varroa destructor

On a weekly basis, the total individuals of fallen dead
mites/hive from treated and control colonies were counted
(Floris et al. 2001; Gregorc and Planinc, 2005; Islam et al
. 2017). The dead or fallen V. destructor were collected
and counted under the microscope on the sampling dates.
The formic sheets were placed again in the hive after
cleaning with the help of a bee brush (Gregorc and
Smodis Skirl,2007).

Knockdown effect:

At the end of the experiment, Fluvalinate (Apistan)
strips were given to each experimental colony including
control for knockdown. After 30 days the dead or fallen V.
destructor was counted and Apistan strips were removed
from the experimental colonies (Mahmood et al
2017).The efficacy of the treatments was calculated for
each colony using a given formula by Mahmood et al
.(2012; 2017).

Efficacy (%)
No.of mites fallen during treatment

~ Total number of fallen mites(per and post treatment)
x 100

Statistical analysis:

To compare different treatments, Analysis of variance
(ANOVA) was applied with post-hoc test i.e., Least
Significant Difference (LSD) at a 0.01.We used IBM-
SPSS statistical software version 26 to apply ANOVA.

RESULTS

Different acaricides have various effects on Varroa
destructor depending on the nature of acaricide
formulation, mode of application, and weather conditions
(Papezikova In the present study, the results of two-factor
ANOVA showed that there was a statistically significant
difference between the mortality of V. destructor in terms
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of different formulations i.e., 60%, 65%, and 70% (F =
1151.77, df = 2, p-value = <0.0001), doses i.e., 5ml, 10ml
and 15ml (F = 1974.30, df = 2, p-value = <0.0001) and
formulation + doses (F = 63.90, df = 4, p-value = <0.0001)

(table 1).

Table 1: Results of two-factor ANOVA on mortality of Varroa destructor at different formulations and doses of

formic acid
Source Sum of Squares df Mean Square F p-value
Corrected Model 122682.742 8 15335.34 813.47 <0.0001
Intercept 932232.93 1 932232.93 49450.47 <0.0001
Formulation 43426.07 2 21713.04 1151.77 <0.0001
Dose 74438.30 2 37219.15 1974.30 <0.0001
Formulation * Dose 4818.37 4 1204.59 63.90 <0.0001
Error 339.33 18 18.85
Total 1055255.00 27
Corrected Total 123022.07 26

a. R Squared = .997 (Adjusted R Squared = .996)

Table 2: Results of two-factor ANOVA on the efficacy of different formulations and doses of formic acid against
Varroa destructor

Source Sum of Squares df Mean Square F p-value
Corrected Model 6068.662 8 758.58 386.34 <0.0001
Intercept 88890.80 1 88890.80 45271.61 <0.0001
Formulation 3864.98 2 1932.49 984.21 <0.0001
Dose 2170.42 2 1085.21 552.69 <0.0001
Formulation * Dose 33.26 4 8.32 4.24 0.014
Error 35.34 18 1.96
Total 94994.80 27
Corrected Total 6104.00 26

a. R Squared = .994 (Adjusted R Squared = .992)
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Figure 1. Mean mortality of Varroa destructor at different doses of different formulations

The highest mean mortality ofV. Destructor was
recorded at a 15ml dose of 65% formulation (319
individuals) of formic acid followed by 15ml of 70%
formulation (249 individuals), 10ml of 65% formulation
(238.33 individuals), 15ml of 60% formulation (185.67
individuals) and 10ml of 70% formulation (180
individuals). Whereas the lowest mean mortality was
recorded at a 5ml dose of 60% formulation comprised
0f98.33 individuals of V. destructor (Fig. 1).In our results,
the highest mean mortality of V. destructor was recorded
at a 15ml dose of 65% formic acid. Samatarro et al .

(2008) also reported the similar findings, who found that
the application of 15ml formic acid (65%) caused 55 to
60% mite mortality in brood cells which can be increased
from 87 to 89% in trapped worker brood (Calderone,
2000).

In the present study, the results of two-factor ANOVA
showed that there was a statistically significant difference
between the efficacy of different formulations i.e., 60%,
65%, and 70% (F = 984.21, df = 2, p-value = <0.0001),
dosesi.e., 5ml, 10mland 15ml (F =552.69, df = 2, p-value
= <0.0001) and formulation + doses (F = 4.24, df = 4, p-
value = 0.014) against V. destructor(table 2). The highest
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efficacy against V. destructor was recorded at a 15ml
dose of 65% formulation (84.31%) of formic acid followed
by 10ml of 65% formulation (76.50%), 15ml of 70%
formulation (63.34%), 5ml of 65% formulation (59.75%)
and 10ml of 70% formulation (56.22%). Whereas the
lowest mean efficacy against V. destructor was recorded
at a 5ml dose of 60% formulation comprised of 34.92%

(Fig. 2)
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Figure 2. Percent efficacy of different formulations at
different doses against Varroa destructor

Discussion

In our results, the highest efficacy against V.
destructor was recorded at a 15ml dose of 65% formic
acid. Contrarily, Qadir et al. (2021) found that treatment
of 20ml formic acid (65%) dose exhibited more than 85%
efficacy followed by 15ml and 10ml. These variations in
the efficacy of formic acid might be due to several factors
i.e., placement of formic acid plates inside the colony
(Fries, 1989; Hoppe et al. 1989; Greatti et al . 1993),
method of application (Ambrose et al . 2017), dose (Qadir
et al . 2021), time of the year and temperature (Maul et al
. 1980; Eischen, 1998; Skinner et al . 2001; Underwood
and Currie, 2003).Previous studies have reported that
different formulations of formic acid at different doses
showed the highest efficacy against Varroa mites (Aziz et
al . 2015; Pietropaoli and Formato, 2018; Pietropaoli and
Formato, 2022).

Most of the literature has already reported that formic
acid is quite effective in the control of ectoparasitic mites
of honeybees. Mahmood et al. (2011) found that in winter
season a 20ml dose of formic acid is most effective
against V. destructor after the harvesting of sider honey.
Islam et al. (2016) found that treatment of formic acid 65%
provides the highest mortality (71.50%) in V. destructor
with 323 individuals of dead Varroa mites falling on the
sheet.Few studies reported that formic acid caused more
than 90% mortality in V. destructor (Eguaras et al . 1996;
Bahrein | et al . 2004; Abd El-Wahab and Ebada, 2006).
The application of 65% formic acid twice at the interval of
10 days exhibited the lowest infestation levels of V.
destructor than a single application of 65% formic acid

(Cauia and Cauia, 2022).

CONCLUSIONS

Itis concluded that the application of 65% formic acid
with a dose of 15ml per colony is the most effective for the
control of V. destructor mites in Apis mellifera colonies
without any detrimental effect on the brood and adult
bees.

Supplementary materials
Not applicable

Author contributions

Zamin Hussain Dahri, Waseem Akram, and Sumera
Aslam conducted research, collected data, and
manuscript write-up. Rashid Mahmood and Ghulam
Sarwar conceived the idea. Muhammad Khalid Rafique
contributed to data entry and statistical analysis and
methodology.

Funding statement

This study was supported by ALP project entitled
“Integrated Pest Management (IPM) of Ectoparasitic
mites, Varroa destructor and Tropilaelaps clareae in
honeybee Apis mellifera colonies (NR-147), HBRI,
NARC.

Institutional Review Board Statement
The study was approved by the Bioethical Committee of
the Honeybee Research Institute, NARC, Islamabad.

Informed Consent Statement
Not Applicable.

Data Availability Statement
All of the data is included in the article/Supplementary
Material.

Acknowledgments

We are thankful to Muhammad Khalid Rafique,
Scientific Officer, HBRI, NARC for the identification of
mites.

Conflict of interest

The authors declared that present study was
performed in absence of any conflict of interest.
OR The authors declare no conflict of interest.

Copyrights: © 2024@ author (s).

This is an open access article distributed under the terms of the
Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any
medium, provided the original author(s) and source are
credited and that the original publication in this journal is cited,

Bioscience Research, 2024 volume 21(1): 172-178 175


https://creativecommons.org/licenses/by/4.0/

Dahri et al.

Formica acid to control Varroa destructor

in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not
comply with these terms.

Publisher’s note/Disclaimer

All claims stated in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher. ISIS net remains neutral with
regard to jurisdictional claims in published maps and
institutional affiliations. I1SISnet and/or the editor(s) disclaim
responsibility for any injury to people or property resulting from
any ideas, methods, instructions or products referred to in the
content.

Peer Review: ISISnet follows double blind peer review policy
and thanks the anonymous reviewer(s) for their contribution to
the peer review of this article.

REFERENCES

Abd El-Wahab TE,EbadaMA,2006.Evaluation of some
volatile plant oils and Mavrik against Varroa
destructor in honeybee colonies. J Appl Sci Res
2(8):514-521.

Ahmad R, 1988.Honeybee parasitic mites and their
control in Pakistan. Progr Farm 8: 34-36.

Ambrose J, Tarpy DR,Summers J, 2017. Managing
Varroa Mites in Honey Bee Colonies. North Carolina
State Extension Apiculture Program, USA.

Anderson DL,Trueman JWH, 2000. Varroajacobsoni
(Acari: Varroidae) is more than one species.
ExpapplAcarol 24: 165-189.

Asha RG,Sharma SK, 2014.Comparative evaluation of
oxalic acid and formic acid against Varroa destructor
Anderson and Trueman in Apis mellifera L. colonies.
J Entomol Zool Stud 2(4): 119-124.

Aziz MA, Azeem M, AhmedMS, SiddiqueF, Jamal M,
2015. Control of Varroa destructor Anderson and
Trueman (Acari: Varroidae) on Apis mellifera
linguistica by using thymol and formic acid in
Pothwar region of Punjab, Pakistan. Asian J Agric
Biol 3(4): 150-154.

Bahreini R, Tahmasebi GH, Nowzari J, TalebiM, 2004. A
study of the efficacy of formic acid in controlling
Varroa destructor and its correlation with
temperature in Iran JApic. Res 43(4): 158-161.

Calderone NW, 2000. Effective fall treatment of
Varroajacobsoni (Acari: Varroidae) with a new
formulation of formic acid in colonies of Apis
mellifera (Hymenoptera: Apidae) in the northeastern
United States J Econ Entomol 93(4): 1065-1075.

Calderone NW,Lin S, 2003. Rapid determination of the
numbers of Varroa destructor, a parasitic mite of the
honey bee, Apis mellifera, on sticky-board collection
devices. Apidologie 34(1): 11-17.

Céuia E,CauiaD, 2022. Improving the Varroa (Varroa
destructor) Control Strategy by Brood Treatment
with Formic Acid—A Pilot Study on Spring
Applications. Insects 13(2): 149.

De Jong DD,Andrea D, Goncalves LS, 1982. A
comparative analysis of shaking solution for the
detection of Varroajacobsoni on adult honeybees.
Apidologie 13(3): 297-306.

Eguaras M, Quiroga S,Garcia C,1996. Organic acid in the
control of Varroa jacobsoni Oud Apiacta 31:51-54.

Eischen FA, 1998. Trials (and Tribulations) with Formic
Acid for Varroa Control. Am Bee J 138: 734-735.

Floris I, Cabras P, Garau VL, Minelli EV, Satta A, Troullier
J, 2001. Persistence and effectiveness of
pyrethroids in plastic strips against Varroa jacobsoni
(Acari: Varroidae) and mite resistance in a
Mediterranean area. J Econ Entomol 94(4): 806—
810.

Fries 1,1989. Short-Interval Treatments with Formic Acid
for Control of Varroa jacobsoni in Honey Bee (Apis
mellifera) Colonies in Cold Climates. Swed J Agric
Res 19: 213-216.

Garibaldi LA, Steffan-Dewenterl, Win freeR, Aizen MA.,
Bommarco R,Cunningham SA,Klein AM,2013. Wild
pollinators enhance fruit set of crops regardless of
honey bee abundance. Science 339(6127): 1608—
1611.

Greatti M, Bartbattim iRD,Agaro M, 1993.Treatment of
Varroasis, Formic acid as a control method against
Varroa jacobsoni. Obiettivi e Documenti Veterinari
14(6): 37-43.

Gregorc A,Smodis Skirl MI, 2007.Combating Varroa
destructor in honeybee colonies using flumethrin or
fluvalinate. Acta Veterianaria Brunensis 76: 309—
314.

Gregorc A,Planinc 1, 2005.The control of Varroa
destructor in honey bee colonies using the thymol-
based acaricide-Apiguard .Am Bee J 145(8): 672—
675.

Gregorc A, AlburakiM, WerleC, Knight PR, AdamczykJ,
2017. Brood removal or queen caging combined with
oxalic acid treatment to control varroa mites (Varroa
destructor) in  honey bee colonies (Apis
mellifera). Apidologie 48: 821-832.

Hoppe H,Ritter W,StephenEWC, 1989.The control of
parasitic bee mites: Varroajacobsoni,
Acarapiswoodiand Tropilaelapsclareaewith formic
acid. Am Bee J 129: 739-742.

Islam N, Amjad M, Haq E, Stephen E ,Naz F, 2017.
Efficacy of essential oils and formic acid in the
management of Tropilaelapsclareae in Apis mellifera
Linnaeus colonies in relation to honey production.
Pak J Agric Res 30(2): 194—-201.

Islam, N., Mahmood, R., Sarwar, G., Kakakhel, S. A., &
Islam, Z. (2023). Bioscience Research.

Islam N, Amjad M, Stephen E,Ehsan-ul-Haq,Naz F,
2016.Management of Varroa destructor by essential

Bioscience Research, 2024 volume 21(1): 172-178 176



Dahri et al.

Formica acid to control Varroa destructor

oils and formic acid in Apis Mellifera Linn. Colonies.
J Entomol. Zool Stud 4(6): 97-104.

Jack CJ,Ellis JD, 2021. Integrated pest management
control of Varroa destructor (Acari: Varroidae), the
most damaging pest of (Apis mellifera
L.(Hymenoptera: Apidae)) colonies. Jinsect
Sci 21(5): 6.

Klein AM, VaissiereBE,Cane JH, Steffan-Dewenterl,
Cunningham SA, KremenCTscharntkeT, 2007.
Importance of pollinators in changing landscapes for
world crops. Proc RSoc B;Biol Sci 274(1608): 303—
313.

Mahmood R, Asad S, Ahmad W, Sarwar G, Rafique MK,
Islam N, Qadir ZA,Abiden ZU, 2017. Efficacy of
screen bottom board tray with and without soft
chemicals for controlling Varroa destructor in
honeybee colonies. Pak J Zool 49(1): 9-13.

Mahmood R, WagchoureES, MohsinA, Raja S,Sarwar G,
2012. Control of ectoparasitic mites in honeybee
(Apis mellifera L.) colonies by using thymol and
oxalic acid. Pak J Zool 44: 985—-989.

Mahmood R,WagchoureES, Raja S,
SarwarG,AslamM,2011.Effect of Thymol and Formic
Acid AgainstEctoparasitic Brood Mite

Tropilaelapsclareae in Apis mellifera Colonies. Pak
J Zool43: 91-95.

Matthijs S, De WaeleV, VandenbergeV,
VerhoevenB,EversJ,BrunainM, De ReggeN,
2020. Nationwide screening for bee viruses and
parasites in belgian honey bees Viruses 12(8): 890.

Maul V,Petersen N,WisssenW,1980. Field Trials Using
Formic Acid as a Varroatosis Therapy.
AllgDtschimkerztg 14: 155-157.

Nekoei S, RezvanM, KhamesipourF,MayackC,
MolentoMB,RevaineraPD, 2023.A  systematic
review of honey bee (Apis mellifera, Linnaeus, 1758)
infections and available treatment options. Vet Med
Sci 9(4): 1848-1860.

PapeZikova |,PalikovaMS,Kremserova, ZachovaA,
PeterovaH, Babak V,Navratil S,2017.Effect of Oxalic
Acid on the Mite Varroa destructor and Its Host the
Honey Bee Apis mellifera. J Apic Res 56: 400—
408.PARC, 2010-11.Honeybee. Ann Rep PARC pp
98.

Pefa-Chora G, Toledo-Hernandez E, Sotelo-Leyva C,
Damian-Blanco P, Villanueva-Flores AG, Alvarez-
Fitz P, ... Ortega-Acosta SA, 2023. Presence and
distribution of pests and diseases of Apis mellifera
(Hymenoptera: Apidae) in Mexico: A review. EurZool
J 90(1): 224-236.

Pietropaoli M,Formato G, 2018. Liquid formic acid 60% to
control varroa mites (Varroa destructor) in honey
bee colonies (Apis mellifera): protocol evaluation. J
Apic Res 57(2): 300-307.

Pietropaoli M,Formato G, 2022. Formic acid combined
with oxalic acid to boost the acaricide efficacy
against Varroa destructor in Apis mellifera. J Apic

Res 61(3): 320-328.

Qadir ZA, Idrees A, Mahmood R, Sarwar G, Bakar MA,
Ahmad S, Raza MM,Li J, 2021. Effectiveness of
different soft Acaricides against honey bee
ectoparasitic mite Varroa destructor (Acari:
Varroidae). Insects 12(11): 1032.

Ramsey SD, Ochoa R, BauchanG, GulbronsonC,
Mowery JD, Cohen A, Lim D, JoklikJ, Cicero JM,Ellis
JD, Hawthorne D,vanEngelsdorpD, 2019. Varroa
destructor feeds primarily on honey bee fat body
tissue and not
hemolymph. ProcNatlAcadSci 116(5): 1792—-1801.

Rosenkranz P, Aumeier P,Ziegelmann B,2010. Biology
and Control of Varroa destructor. J Invertebr Pathol
103: S96-S1109.

Sajid ZN, Aziz MA, Bodlahl, RanaRM, GhramhHA,Khan
KA, 2020. Efficacy assessment of soft and hard
acaricides against Varroa destructor mite infesting
honey bee (Apis mellifera) colonies, through sugar
roll method. Saudi J Biol Sci 27(1): 53-59.

Samatarro D, Finley J,Underwood R, 2008. Comparing
oxalic acid and sucrocide treatments for Varroa
destructor (Acari: Varroide) control under desert
conditions. J econ Ent 101: 1057-1061.

Satta A, Florisl, EguarasM, CabrasP, Garau VL,Marinella
M, 2005. Formic acid- based treatments for control
of Varroa destructor in a Mediterranean area. J Econ
Entomol 98: 267-273.

Skinner JA, Parkman JP,Studer MD,2001. Evaluation of
Honey Bee Miticides, Including Temporal and
Thermal Effects on Formic Acid Gel Vapours, in the
Central South-Eastern USA. J Apic Res 40: 81-89.

Steube X, BeinertP,Kirchner WH, 2021. Efficacy and
temperature dependence of 60% and 85% formic
acid treatment against Varroa destructor. Apidologie
52(3): 720-729.

Tan K, Radloff SE, Li JJ, Hepburn HR, YangMX,Zhang
LJ, NeumannP, 2007.Bee-hawking by the wasp,
Vespa velutina, on the honeybees Apiscerana and
A. mellifera. Naturwissenschaften 94: 469-472.

Toomemaa K,2019. The Synergistic Effect of Weak
Oxalic Acid and Thymol Agqueous Solutions on
Varroa mites and Honey Bees. J Apic Res 58: 37—
52.

Underwood RM,Currie RW, 2003. The effects of
temperature and dose of formic acid on treatment
efficacy against Varroa destructor (Acari: Varroidae),
a parasite of Apis mellifera (Hymenoptera: Apidae).
Exp Appl Acarol 29: 303-313.

Van Veen J, CaledronFallasA, Cubero Murillo A,Arce H,
1998. Varroajacobsoniin Costa Rica: detection,
spread, and treatment with Formic acid. Bee World
79:5-10.

Vilarem C, PiouV, Blanchard S, VogelweithF,VétillardA,
2023. Lose Your Grip: Challenging Varroa destructor
Host Attachment with Tartaric, Lactic, Formic, and
Citric Acids. Appl Sci 13(16): 9085.

Bioscience Research, 2024 volume 21(1): 172-178 177



Dahri et al. Formica acid to control Varroa destructor

Vimla G, KhanMS, 2013.Management of varroa mite,
Varroa destructor by essential oil and formic acid in
Apis mellifera Linn. Colonies. J Nat Prod 6: 206—210.

Bioscience Research, 2024 volume 21(1): 172-178 178



