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ENVIRONMENTALLY SAFE APPROACHES TO THE CONTROL OF VARROATOSIS IN HONEY
BEE COLONIES

Abstract: Varroatosis caused by the ectoparasitic mite Varroa destructor remains one of the most
important biological threats to managed honey bee colonies. The aim of this review was to summarize
environmentally safe approaches to Varroa destructor control and to evaluate them according to
acaricidal efficacy, ecological safety, colony productivity, practical applicability, and suitability for
integrated pest management. Publications from 2021 to 2025 were analyzed, with priority given to peer-
reviewed studies on chemical acaricides, organic acids, thermal treatment, biotechnical methods,
acaricide resistance, and breeding for Varroa-tolerant honey bees. The reviewed evidence shows that
amitraz-based chemical preparations can provide rapid mite reduction, but their sustainability is limited
by residue risks and the development of acaricide resistance. Oxalic acid and thermal treatment showed
the most balanced profile because they combine substantial mite reduction with low contamination risk
and preservation of colony productivity. Biotechnical measures, including drone brood removal and
brood interruption, are environmentally safe but are more effective as preventive or supportive
components of a broader control program. The review concludes that sustainable varroatosis control
should be based not on a single treatment but on integrated pest management that combines regular
monitoring, threshold-based decision-making, ecologically safer treatments, resistance management,
and selection of honey bee stocks with improved hygienic and grooming behavior.

Key words: Apis mellifera; Varroa destructor; varroatosis; oxalic acid; thermal treatment;
integrated pest management; acaricide resistance; hygienic behavior.

Introduction

Honey bees (Apis mellifera) play an essential role in agricultural production, ecosystem stability,
and food security because of their contribution to pollination and the production of honey, wax, propolis,
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pollen, and other bee products. However, modern beekeeping is increasingly affected by biological and
environmental stressors. Among them, varroatosis is considered one of the most destructive diseases
of managed honey bee colonies.

Varroatosis is caused by the ectoparasitic mite Varroa destructor, which parasitizes both adult
bees and brood. The mite weakens bees directly through feeding and indirectly through the
transmission and amplification of viral pathogens. Recent virological studies confirm that Varroa
destructor is not only a mechanical carrier but also an important biological component in the circulation
of several honey bee-associated viruses, including deformed wing virus [1]. Colony susceptibility to
Varroa pressure and viral infections is also influenced by bee genotype and by the expression of
resistance-related traits [2].

The control of Varroa destructor is complicated by the mite's high reproductive potential,
association with the brood cycle, regional variation in infestation dynamics, and the risk of resistance to
acaricides. Modern detection and surveillance approaches, including molecular and environmental
DNA methods, are being developed to improve early identification of infestations and support
biosecurity in non-endemic or recently invaded regions [3,4]. Epidemiological studies also show that
Varroa mites may occur together with other parasitic mites and honey bee pathogens, which
strengthens the need for complex and regionally adapted control systems [5].

The problem is not only veterinary but also ecological and economic. Synthetic acaricides may
provide rapid reduction of mite populations, but inappropriate or repeated use can result in toxic
residues in hive products and the selection of resistant mite populations. Therefore, sustainable
beekeeping requires control strategies that combine effectiveness with product safety, preservation of
colony productivity, and reduction of chemical pressure on the apiary ecosystem.

The aim of this review is to summarize current approaches to varroatosis control and to evaluate
them from the standpoint of sustainable beekeeping, with particular emphasis on ecological safety,
productivity of honey bee colonies, and integration into a practical pest management system.

The scientific novelty of this review consists in the integrated assessment of varroatosis control
methods according to several criteria at the same time: acaricidal efficacy, ecological safety of honey
and wax, colony productivity, practical feasibility, and risk of acaricide resistance. Unlike descriptions
that evaluate treatments mainly by mite mortality, the present review proposes a comparative decision
framework for sustainable apiary management. The review also updates the discussion by including
integrated pest management, mechanisms of acaricide resistance, and the prospects of selective
breeding for Varroa-resistant honey bee stocks.

Materials and Methods

The manuscript is a narrative review with elements of structured literature selection. The
literature search was focused on peer-reviewed publications indexed in international scientific
databases and publisher platforms, including PubMed, Scopus, Web of Science, SpringerLink,
ScienceDirect, MDPI, Oxford Academic, Taylor & Francis, and Google Scholar. The search covered
publications from 2021 to 2025, earlier sources were used only when they were necessary for basic
biological, taxonomic, or methodological context.

The main search terms and their combinations were: «Varroa destructor», «varroatosis», «Apis
melliferay», «oxalic acid», «organic acids», «amitrazy», «acaricide resistance», «thermal treatment»,
«drone brood removal», «brood interruption», «integrated pest management», «hygienic behavior»,
«Varroa sensitive hygiene», and «honey bee breeding».

The inclusion criteria were:

- relevance to Varroa destructor or varroatosis in Apis mellifera colonies;

- analysis of control, detection, resistance, productivity, or ecological safety;

- peer-reviewed article, review, or experimentally based study;

- sufficient methodological description to interpret the results; and

- availability of bibliographic data for verification. The exclusion criteria were: duplicate
publications, non-peer-reviewed materials without scientific data, publications unrelated to honey bees,
papers focused only on non-Varroa parasites, and studies without usable information on control or
disease significance.

The review procedure included four stages: identification of potentially relevant publications,
removal of duplicate or non-relevant records, screening of titles and abstracts, and full-text assessment
of papers that met the topic and methodological criteria. For each selected publication, the following
information was extracted: type of control method, active substance or physical/biotechnical
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intervention, reported mite reduction, colony productivity indicators, residue or ecological-safety data,
practical limitations, and relevance to integrated pest management.

The analytical synthesis was carried out by grouping the selected publications into thematic
blocks: chemical acaricides, organic acids, thermal treatment, biotechnical methods, integrated pest
management, acaricide resistance, and breeding of Varroa-tolerant honey bees. The methods were
compared using predefined criteria: acaricidal efficacy, safety of honey and wax, influence on colony
productivity, labor and equipment requirements, risk of resistance development, and suitability for use
at different infestation levels. This approach made it possible to formulate practical recommendations
while avoiding unsupported statistical generalization across heterogeneous studies.

Because the available studies differ in treatment formulation, season, colony strength, brood
status, infestation level, climate, and outcome measures, a formal meta-analysis was not performed.
Quantitative values presented in this review, including mite reduction of 87,5%, 80,3%, 74,1%, and
52,8%, are treated as descriptive comparative indicators extracted from the analyzed literature and not
as new experimental results obtained by the authors. When primary data on sample size, variance, or
statistical significance were not available or not comparable across studies, this limitation was explicitly
considered in the interpretation.

Biological and Epizootological Importance of Varroatosis

Varroatosis is one of the main causes of weakening, decreased productivity, and death of honey
bee colonies. Varroa destructor parasitizes adult bees and brood, and its harmful effect is associated
with direct feeding damage, disruption of normal development, immune suppression, and increased
vulnerability to viral pathogens. The relationship between Varroa destructor and viruses is particularly
important because mite infestation can transform latent viral infections into clinically significant colony-
level disease problems [1].

From an epizootological perspective, the disease is difficult to control because the mite
reproduces inside capped brood cells and its population growth is synchronized with colony
development. The level of infestation is influenced by season, brood availability, re-invasion from
neighboring colonies, drifting bees, and regional beekeeping practices. Genetic variation in Varroa
populations and host fidelity of mite lineages may also affect the epidemiology of infestations and the
regional performance of control methods [6,7].

The practical importance of varroatosis is strengthened by the fact that mite control failures
usually have delayed but serious consequences: weakened winter bees, increased viral loads, reduced
honey yield, and colony losses. Consequently, control programs should not be limited to emergency
treatment after severe infestation. They should include monitoring, prevention, and timely combination
of compatible methods.

Current Approaches to Varroatosis Control

Chemical acaricides

Synthetic acaricides remain widely used because they can rapidly decrease Varroa destructor
populations in colonies with high infestation. Amitraz-based products are among the most common
representatives of this group. In the descriptive comparative data analyzed in this review, the amitraz-
based preparation Bipin showed the highest mite reduction, reaching 87.5%. Seasonal field evaluations
also confirm that the effectiveness of chemical treatments may vary with treatment timing and colony
conditions [8].

However, the ecological and long-term limitations of chemical acaricides must be considered.
First, synthetic compounds may leave residues in honey, wax, and other hive products if they are
misused or applied outside recommended periods. Second, repeated exposure to the same active
ingredient increases the risk of resistance development. Recent review evidence on amitraz-based
treatments shows that mite populations may differ in sensitivity and that resistance management is
necessary for maintaining field efficacy [9]. Therefore, chemical acaricides should not be considered a
universal solution; they are most appropriate as regulated, time-limited interventions within integrated
pest management.

Organic acids: oxalic acid

Oxalic acid is one of the most important environmentally safer alternatives to synthetic acaricides.
It is compatible with sustainable beekeeping because it has lower residue risks and can be used as
part of treatment programs based on organic compounds. In the comparative data analyzed here, oxalic
acid provided 80,3% mite reduction, which was slightly lower than the amitraz-based treatment but
substantially more favorable from the standpoint of product safety. The highest average honey yield in
the analyzed comparison was recorded in the oxalic acid group, reaching 23,2 kg per colony.
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Recent studies support the practical value of oxalic acid formulations, but they also show that
efficacy depends on dose, application method, season, brood status, and initial infestation. Oxalic acid
and glycerin strips have been evaluated as a promising approach for Varroa destructor control, with
attention to dose, administration method, colony development stage, residues, and honey quality [10].
A recent field study on oxalic acid vaporization showed that low doses may be insufficient under brood-
present conditions, while higher doses suppress mites more effectively but can negatively affect larval
development [11]. Thus, oxalic acid should be used according to evidence-based protocols rather than
as an uncontrolled treatment.

Thermal treatment is a physical non-chemical method based on the lower tolerance of mites to
elevated temperature compared with honey bees when exposure is carefully controlled. In the
descriptive comparative data, exposure to 43 °C for 10 minutes resulted in a 74,1% reduction in mite
infestation. Although this value was lower than that of amitraz and oxalic acid, the method has an
important ecological advantage because it does not introduce chemical residues into honey or wax.

The practical value of thermal treatment is strengthened by its relationship with colony productivity
in the analyzed comparison. Average honey yield reached 22,9 kg per colony, which was close to the
oxalic acid group. At the same time, this method requires specialized equipment, accurate temperature
regulation, and additional labor. Therefore, thermal treatment is most suitable for apiaries where product
purity and avoidance of chemical pressure are priority goals.

Biotechnical methods aim to reduce mite reproduction without chemical exposure. Drone brood
removal is based on the biological preference of Varroa destructor for drone brood and can reduce the
reproductive reservoir of mites inside the colony. In the analyzed comparison, this method reduced mite
infestation by 52,8%, which confirms its usefulness but also shows that its stand-alone efficacy is lower
than chemical, organic acid, and thermal approaches.

The main limitation of drone brood removal is that it is usually insufficient as a stand-alone method
under high infestation pressure. It may also temporarily affect colony development if used excessively.
Brood interruption techniques, including queen caging and trapping combs followed by oxalic acid
treatment, have been studied as integrated pest management components and can provide high
acaricidal efficacy when applied at the correct time [12]. Therefore, biotechnical measures are best
interpreted as preventive and supportive tools that reduce mite reproduction and improve the
effectiveness of other environmentally safer treatments.

Table 1 — Descriptive comparison of selected varroatosis control approaches

Control approach Reported | Productivity / safety indicator Interpretation
mite
reduction
Amitraz-based 87,5% Rapid mite reduction, but Effective for emergency or
chemical acaricide possible residues in honey and high-infestation
(Bipin) wax if misused. intervention; should be
regulated and rotated.
Oxalic acid 80,3% Highest reported honey yield: Best balance between
23,2 kg per colony; low residue efficacy, productivity, and
concern when used correctly. environmental safety.
Thermal treatment 74,1% Honey yield: 22,9 kg per Residue-free physical
colony; no chemical residues. method; requires
equipment and strict
temperature control.
Drone brood removal / 52,8% No contamination of hive Useful as a preventive and
biotechnical methods products, but productivity may supportive method within
decrease if brood removal is IPM.
excessive.

The percentages in Table 1 are descriptive indicators from the analyzed literature. They are not
presented as results of a new experiment or a statistical meta-analysis.
Figure 1 illustrates the relative level of mite reduction reported for the four compared control approaches.
The graph is included to improve visual interpretation of the comparative data and should be read
together with Table 1 and Table 2.
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Descriptive comparison of reported control efficacy
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Values are descriptive indicators; no statistical significance is implied.

Figure 1- Descriptive comparison of mite reduction reported for selected varroatosis control methods

The figure is intended for visual comparison only; no statistical significance is implied because
the original studies were heterogeneous and raw variance data were not uniformly available.

Table 2 — Advantages, limitations, and practical role of varroatosis control approaches in
integrated pest management

Control approach

Main advantages

Main limitations

Practical role in IPM

Amitraz-based
chemical acaricide

High and rapid
acaricidal effect; useful
when infestation is
severe.

Residue risk,
resistance selection,
and possible treatment
stress.

Reserve for justified
cases; use according to
regulations and
resistance-management
principles.

Oxalic acid

Soft acaricide; good
efficacy; favorable
residue profile;

Efficacy depends on
brood status, dose,
delivery method, and

Core treatment in low-
residue control
programs, especially
when combined with

contamination;
maintains product

compatible with season.
sustainable monitoring.
beekeeping.
Thermal treatment No chemical Equipment costs, labor | Physical nhon-chemical

demand, and risk of
overheating if poorly

option for apiaries
prioritizing residue-free

reproduction; no
residues in hive
products.

purity; compatible with controlled. production.
organic-oriented
apiaries.
Biotechnical Environmentally safe; Lower stand-alone Preventive/supportive
methods reduce mite efficacy; labor- component combined

intensive; possible
disturbance of colony
development.

with soft acaricides and
regular monitoring.

Integrated Pest Management and Sustainable Beekeeping
Integrated pest management (IPM) is the most scientifically justified approach to sustainable

varroatosis control. In honey bee colonies, IPM combines regular monitoring, prevention, threshold-
based decision-making, compatible chemical and non-chemical treatments, and evaluation of treatment
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efficacy. The IPM approach is especially important because no single method is optimal under all
climatic, seasonal, and epidemiological conditions [13].

The first component of IPM is monitoring. Treatment decisions should be based on infestation
level, colony strength, brood status, season, and regional risk. Monitoring is also necessary after
treatment to determine whether mite numbers were reduced sufficiently and whether re-invasion
occurred. Molecular and environmental detection methods can complement traditional mite counts in
surveillance programs and non-endemic regions [3,4].

The second component is the rational combination of methods. For example, brood interruption
can increase the exposure of mites to oxalic acid by reducing protected reproductive mites inside
capped cells. Experimental IPM protocols combining queen caging or trapping combs with oxalic acid
have shown high acaricidal efficacy, although long-term effects on viral load and colony strength require
further study [12].

The third component is resistance management. The long-term use of a single synthetic active
ingredient creates selection pressure. For amitraz-based treatments, recent reviews show that reduced
sensitivity and resistance risks must be considered when selecting treatment strategies [9]. Therefore,
resistance management should include correct dosing, avoidance of unauthorized or repeated
applications, rotation of treatment classes where appropriate, use of non-persistent organic acids,
incorporation of physical and biotechnical measures, and periodic assessment of treatment outcomes.
The fourth component is selection of honey bees with increased natural resistance. Breeding for low
Varroa population growth, grooming behavior, hygienic behavior, and Varroa-sensitive hygiene can
reduce the reproductive success of mites and decrease dependence on acaricides. Recent work shows
that colonies selected for low Varroa population growth may express multiple resistance mechanisms,
including behavioral, cellular, humoral, and antiviral components [14]. Studies of Varroa-sensitive
hygiene also demonstrate that selected workers can detect and remove mite-infested brood,
interrupting mite reproduction [15,16]. However, selective breeding should complement, not replace,
monitoring and treatment.

Discussion

The reviewed evidence shows that the choice of varroatosis control method depends on which
criterion is prioritized. If only immediate acaricidal efficacy is considered, amitraz-based treatment
appears strongest in the descriptive comparison. However, when ecological safety, risk of residues,
productivity, and resistance are included, the interpretation changes. As shown in Table 1, oxalic acid
and thermal treatment provide a strong overall balance between mite suppression and preservation of
colony and product safety.

The conclusion about the advantages of oxalic acid and thermal treatment is therefore based on
a combined assessment of efficacy, productivity, ecological safety, and practical limitations rather than
on mite mortality alone. Table 2 shows that each method has both strengths and restrictions: oxalic
acid requires correct timing and dosing, thermal treatment requires equipment and strict temperature
control, biotechnical measures are safer but weaker, and chemical acaricides are effective but carry
residue and resistance risks.

This conclusion should not be interpreted as the absolute superiority of oxalic acid or thermal
treatment in every apiary. At low to moderate infestation, monitoring, biotechnical measures, oxalic acid,
and thermal treatment may be sufficient. At high infestation, a regulated chemical intervention may be
justified, but it should be followed by evaluation of efficacy and measures that reduce future
dependence on synthetic acaricides. In all cases, the health of the colony and safety of hive products
should be considered alongside mite mortality.

Limitations of the Review

The main limitation of this review is the heterogeneity of the analyzed studies. Publications differ
in colony size, bee genotype, climate, infestation level, season, brood status, treatment dose,
formulation, and duration of observation. For this reason, the quantitative values presented in the
manuscript are descriptive and should not be interpreted as statistically comparable experimental
results. A formal meta-analysis would require access to primary datasets, sample sizes, standard
deviations or confidence intervals, and harmonized outcome definitions. Additional local field trials are
needed to validate the proposed IPM recommendations under specific regional conditions.

Conclusion

Varroatosis remains one of the central veterinary, ecological, and economic problems of modern
beekeeping. Varroa destructor weakens honey bee colonies directly and indirectly by increasing the
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pressure of viral pathogens, reducing productivity, and contributing to colony losses. Effective control
is therefore essential for the maintenance of honey bee health and sustainable apicultural production.

The comparative assessment demonstrates that treatment efficacy alone is not a sufficient
criterion for selecting a control method. Environmental safety, residue risk, productivity, practicality, and
resistance management should be evaluated together. Amitraz-based chemical acaricides can provide
strong and rapid mite reduction, but their ecological and resistance-related limitations require careful
regulation. Oxalic acid and thermal treatment offer the best overall balance of mite suppression,
productivity preservation, and safety of hive products. Biotechnical methods are less powerful as stand-
alone treatments but are valuable as preventive and supportive components.

The most sustainable strategy is integrated pest management based on monitoring, timely
intervention, combination of compatible methods, resistance management, and selection of honey bee
stocks with increased tolerance or resistance to Varroa destructor. Such an approach reduces chemical
pressure, improves product safety, and supports the long-term stability of honey bee colonies.

For practical application, control measures should be selected according to infestation pressure
rather than applied uniformly. Because intervention thresholds differ among regions and monitoring
techniques, these recommendations should be interpreted as decision levels rather than fixed universal
diagnostic values. At low infestation, below the local intervention threshold, priority should be given to
regular monitoring, maintenance of strong colonies, drone brood removal or other biotechnical
measures, and the use of bee stocks with hygienic or grooming behavior. At moderate infestation, oxalic
acid, selected according to brood status, approved dosage, and application method, as well as thermal
treatment where suitable equipment is available, may be combined with biotechnical measures to
reduce mite numbers while maintaining product safety. At high infestation, especially when mite counts
rapidly increase or threaten winter-bee development, an approved acaricide may be justified as a time-
limited intervention within IPM, followed by post-treatment monitoring and rotation of active substances.
In severe infestation or clinical weakening of colonies, urgent veterinary assessment and immediate
approved treatment are required; after stabilization, the apiary should return to a preventive IPM
program based on monitoring, method rotation, and selection of tolerant colonies.
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BAJ1 APACbl OTBACBIJTIAPbIHAOAFbI BAPPOATO3[bl BAKbITAYAbIH
SKONOrnAnbIK KAYINCI3 TOCUIAEPI

OKkmonapa3ummik keHe Varroa destructor Ko30bipameiH 8appoamos ban apackl ombachinapsb!
YWwiH aca maHbI30bl buonocusinbik KayinmepdiH 6ipi 6osbin Kana 6epedi. byn wonydbiH mMakcambl
Varroa destructor-Obi 6aKbinayObiH 3KO/IO2USbIK Kayincia macindepiH XuHakmay XoHe onapobl
akapuyudmik muimdiniai, aKonoeausnblK Kayincisliei, apa ombachinapbiHbiH ©HiMOinigiHe acepi,
npakmukarsnblK  KonOaHbllybl XXOHe 3USHKeCmepMeH UHmeapayusinaHraH Kypec XxyleciHoe
natdanaHyra xapamOblnbifbl boUbiHWa 6aranay 60n0bl. 2021-2025 xbindap aparbifbiHOa
)XapusinaHraH eHbekmep mandaHObl, 6yn1 pemme XUMUSbIK akapuyudmepae, op2aHuKarbiK
KblWKbInOapra, mepmusnblK eHOeyee, buomexHukarsblk adicmepae, akapuuyudmepze meosimairnikke
XoHe Varroa-ra me3imOi ban apanapbiH cenekyusinayra apHasfaH peueH3usinaHFaH 3epmmeyrnepae
b6acbimObiK 6epindi. KapacmbipbiniFaH 0epekmep amumpas HeaidiHoeai XuMusinbIK npenapammapObiH
KeHernep caHbIH Xblidam asalma anambiHbiH Kepcemedi, analtda onapdbl mypakmbl KordaHy
eHiMOeple Kandblk 3ammapdbiH XuHaly KayriMeH XoHe akapuyudmepze me3imOinikmiH
KanbinmacybiMeH wekmenedi. KbiMbi30bIK KbIWKbIIbI MEH mepMusiiiblK eHOey eH meHa2epimOi
Hemuxersiep Kkepcemmi, elmKeHi ofiap KeHernep caHbIiH edayip a3almyObl 6HIMHIH lacmaHy KayrniHiH
memeHOieiveH XoHe apa ombacbkinapbl  eHIMOINi2iHIH  cakmarnybiMeH — ywmacmbsipalsl.
buomexHukarnbiK wapanap, COHbIH iWiHOe epKeK apa merniH anbif macmay XXeHe mesl ecipy UUKITH
Y3y, 9Konoausinblk mypsbilaH Kayinci3 6onbin mabbinadbl, anatda onap KeHipek bakbinay
b6arO0apriamacbiHbiH poguiakmuKkarsik Hemece KocbiMwa KOMIOHeHmmepi pemiHOe muiMOipex.
LLlonyda eappoamo3dbi mypakmbi bakbinay 6ip raHa eHOey adiciHe emec, mypakmbl MOHUMOPUH2MI,
UHBa3UsIHbIH weKkmi 0eHeeliHe Heziz0ernzeH wewim Kabblndayobl, 9KO02UsiNbIK Kayincizdey eHOey
macindepiH, me3imoinikmi backapyObl XoHe auaueHarslblK 9pi 63iH-63i ma3ariay MiHe3-KyJKbl XaKcapfaH
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ban apacel ombachbinapbiH ipikmeydi 6ipikmipemiH uUHmeapayusinaHFaH Kypec XyuteciHe Hezaizdenyi
muic OeeeH KopbimbIHObI xacanosbl.

TyiaiHdi ce3dep: Apis mellifera; Varroa destructor; eappoamos; KbiMbI30bIK KbIUKbIbI;
mepmusinblKk  eHOey; 3usiHKecmepMeH UHmezpayusisiiaHraH Kypec, akapuyudmepze me3aiMmOiriK;
eueueHarbIK MiHe3-KyIblK.
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ISKOJNIONMMYECKU BE3OIMNACHbIE NOAXOAbl K KOHTPOIIO
BAPPOATOSA B NYEJIMHbIX CEMbAX

Bappoamo3, ebi3bieaeMbili 3Kmonapasumu4eckum Krnewom Varroa destructor, ocmaemcsi o0HoU
u3 Haubornee 3Ha4yuMbIX buonIo2UYECKUX Yy2p0o3 O n4YenuHbix cemel. Llenbo Hacmosiwezo ob3opa
661510 0606WEeHUE 3KOTo2UYECKU Be3onacHbIX M0dxo008 K KOHMposIo Varroa destructor u ux oyeHka
rno akapuuudHol 3¢hgheKmusHOCMU, 3Ko102u4decKol be3onacHocmu, 8/1USTHUKO Ha rpodyKmMueHOCMb
M4enuHbIX cemel, rnpakmu4yeckol MpuUMeHUMocmu U rnpueoOHocmu Onsi  UCMob308aHUsi 8
UHMezpuposaHHoU cucmeme bopbbbl ¢ epedumensamu. bbinu npoaHanusuposaHe! nybaukauuu 3a
2021-2025 2e., npu amom ripuopumem omadasaricsi peUueH3upyemMbiM Uccried08aHUsIM, MOC8AUWEHHbIM
XUMUYECKUM akapuuyudam, op2aHU4eCKUM Kucriomam, mepmudyeckoli obpabomke, bUOMEXHUYECKUM
mMemodam, ycmol4ueocmu K akapuuyudam u cenekyuu MedOOHOCHbIX n4yers, ycmouduebix K Varroa.
lNpoaHanusuposaHHbie JaHHbIE MOKa3bi8aoM, 4Ymo XUMUYECKUE rpernapamel Ha OCHOBE amumpasa
criocobHbl obecrieqyusampb ObICMPOE CHUXEHUE YUCIEHHOCMU Kreuwiel, OOHaKo ux ycmou4ugoe
MPUMEeHeHUe Oe2paHuU4yuB8aemcsi PUCKOM HaKOIMIEeHUsI O0CMamoYHbIX Kosiudecms 8 rpodykmax
nyenogodcmea u pazsumueM ycmou4ueocmu K akapuuudam. Lljasenesas kucrioma u mepmuyeckasi
obpabomka noka3anu Haubonee cbanaHcupoBaHHbIe pe3yribmamhbl, [OCKO/IbKY co4Yemarom
3Ha4YuUMersibHoe CHUWXeHUEe YUCIeHHOCMU Kreuwel C HU3KUM PUCKOM 3az2psi3HeHUs npodyKuuu u
coxpaHeHUeM npodyKmuUeHOCMU M4YeslUHbIX cemel. buomexHu4deckue Mepbl, 8KYas ydaneHue
mpymHego20 pacrisioda u rpepbleaHue pacryiofHO20 YUKIa, S8ISH0MCcs 9Koi02udecKu be3onacHbiMu,
o0Hako b6oriee 3hhekmueHbl Kak rpoghusiakmudeckue usnu 8crioMmoe2ameribHbie KOMMIOHEHMbI
KOMIIeKCHOU rpozpamMmMbl KOHmMposs. B 063ope cdenaH 861800 0 moM, 4mo ycmouyuebil KOHMPOsib
sappoamo3sa O0o/IKeH OCHO8bI8amMbCsI He Ha O0OHOM Memode obpabomku, a Ha UHMeapupo8aHHOU
cucmeme 60pbbbl, 6KAYawel peaynspHbIl MOHUMOPUH2, MNPpUHAMuUe peweHUld C y4emom
10p0208020 YPOBHS UHBA3UU, NMPUMEHeHUe aKosioaudyecku bonee b6esonacHbix Memodos obpabomku,
yrnpasneHue puckamu ¢hopmMupogaHusi ycmou4ueocmu u ombop n4yesiuHbiXx cemel C Yrny4YuweHHbIM
aua2ueHUYecKUM rogedeHuUem u rnosedeHuemM camMmooYqUUeHUS.

Knroueeble cnoea: Apis mellifera; Varroa destructor; eappoamos; waeersiesasi Kucrioma;
mepmu4eckasi obpabomka; uHmezpuposaHHas cucmema 60pbbbi ¢ 8pedumensamu; yecmoldyueocms K
akapuuyudam; sucueHUYeCKoe rnogedeHue.
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QPPEKTUBHOCTbL YINIbTPA3BYKOBOIO MOHUTOPUHIA B ONOOEPEHLMATNIBHON
ANATHOCTUKE NMATONOIMNMN ANYHUKOB Y KOPOB

AHHOmauyus: [lamonoauu SUYHUKO8 Yy KOpos  senstomcsi  00HoU u3  Haubornee
pacripocmpaHeHHbIX  MPUYUH  HapyweHusi  80Crpou3gooumesnibHol  QOyHKUuUU 8  yCrio8usix
MPOMbIWIIEHHO20 ~ MOJIOYHO20  CKomogoOcmea U COorposoxdarmcs  3Ha4yumesibHbIMU
PENPOOYKMUBHbLIMU U 3KOHOMUYECKUMU nomepsimu. Llenbo Hacmosiweao uccriefo8aHusi sieunach
oueHKka ahhekmusHOCMU yrIbMmMpPa3eykogo2o MOHUMOpPUHaa 8 dughghepeHyuarnsHoU duazHoCcmuke
osapuarbHbIX namosoauli 'y Kopos. UccnedosaHusi nposodusnuce Ha 6aze TOO «OnbimHoe
X0350cmeo MacruYHbIX Kynbmyp» BocmoyHo-KasaxcmaHckol obniacmu 6 2024—2025 2. Obbekmom
uccnedoBaHusi Cry>Kusu Kopo8bl MOJIOYHbIX MOPO0 (20/1WMuUHCKas u YepHo-rnecmpas). Mamepuarn
uccrnedogaHusi 8KoYasn 48 Kopog ¢ KITUHUYeCKUMU Mpu3HakaMu HapyweHUs QoyHKUUU Su4HUKo8 u 12
KUHUYeCKU 300p08bIX XUBOMHbIX KOHMPOsbHOU epynnbl. [JJuacHoOCMUuKy ocywecmensisiu MemoOoMm
mpaHcpekmarsbHoU yribmpacoHo2paghuu ¢ Ucrofb3oeaHueM fnuHeliHo2o Gamyuka Yyacmomod 7,5 My,
OUHaMU4eCcKoe20 yrbmpa3gyKkogo20 MOHUMOPUH2a C UHMep8asioM 7 CymoOK, a makxe 20pMOHasibHOU
gepuchukayuu Ha ocHose ornpedesieHUs1 yPOBHS MPO2ecmepoHa 8 CbIBOPOMKeE Kpo8U. YcmaHOo8/1eHo,
Ymo OuasHocmu4yecKkasi moYHOCMb pPa3o8o20 yrbmpa3sykogoz2o uccriedosaHusi cocmasuna 72,9%,
moeada KaK rnpumMeHeHue OUHaMU4YecKoz20 yI/bmpa3eyKkoeo20 MOHUMOPUHaa 0380/1UJI0 08bICUMb
OaHHbIlU nokazamesnis 00 91,7%. Vcnonb3oeaHue MOHUMOPUH2a C€riocobcmeosarno COKpauw,eHUH
CPOKO8 MocmaHO8KU mo4YHo20 QuazHo3a ¢ 18,6 £ 2,4 0o 7,3 £ 1,1 cymok u eoccmaHo8ieHuro nosioeou
uuknuyHocmu y 79,2% kKopos. [lornydyeHHble pesynbmambl ceudemesib.cmeyrom O 8bICOKOU
aghgbekmusHocmMuU  yribmpa3eyko8o20 MOHUMOPUH2a KaK UHCmpyMeHma ouggepeHyuanbHol
QuazHOCmMUKU namosio2ul AUYHUKO8 U onmumu3ayuu pernpolyKmugHO20 MeHEOXMeHMa 8 MOSIOYHOM
ckomoeodcmee.

Knr4yeeble cnoea: Kopoebl, namosiocuu SUYHUKOS8, yrnbmpa3eykoeass OuacHOCMuKa,
yribmpas8yKoeoli MOHUMOPUHE, po2ecmepoH, pernpodykmueHas yHKyus, OughgbepeHyuaibHas
OuasHocmuka.

BBepeHue

PenpoaykTtuBHaa (PyHKUNS KOPOB ABMNSETCA OOHUM U3 KNHOYeBbIX 0akTopoB, onpedensioLmx
YCTOMYMBOCTb M 3KOHOMUYECKYID 3OEKTUBHOCTE MPOMbILLSIEHHOTO MOJIOMHOrO CKOTOBOACTBA.
HapyLweHns BocnponsBoacTBa OkasbliBalOT KOMMIEKCHOE HEeraTUBHOE BIIMSIHUE Ha NPOU3BOACTBEHHbIE
nokasatenn XO039MUCTB, BblpaXasdCb B CHWXEHUW BbiIXxOAa TENsT, YBENIMYEeHUU MPOAOIMKUTENTbHOCTU
cepBuc-nepuoda, COKpaweHUN MpPOAYKTUBHOMO [AONTONeTUs XUBOTHBIX W pPOCTe 3aTpaT Ha
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