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Fig. 1. Schematic of the smart system enhancing the overwintering performance of bees in the present study, (1 and 2): Thermal elements
with protection in two different forms (1) wooden and (2) concrete, (3): Temperature sensor and sensor control device, (4): The control
system of intelligent temperature, (5): The control fuses of system power
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Table 1: Changes of device temperature, temperature inside the colony, and ambient temperature range at the experimental site in the
present study

Temperature in the studied months

Trems December D;:s:;t;r_ g:itlrliz;’ Fit/)[:lz;y ) March-April April-May

Device temperature (4)-(8) (4) - (8) (4) - (8) (4) - (12) (4) - (20) (4) — (28)

Temperature inside the colonies 4)—(8) 4)—-(8) 4)-(8) (4) - (14) (4) - (23) 4)-(32)

Ambient Night temperature range 0)-(8) =5) - (-1) (-14) - (-3) -4)-Q2) (=3)-(8) (=2) - (10)
temperature Daytime temperature range (5) - (15) (=3)- (@) (—4) — (6) 0) — (14) (4) — (20) (6) - (32)

* The temperatures mentioned in the table are in degrees Celsius
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Fig. 2. Mean comparison on the effect of smart system enhancing the overwintering performance of bees on the overwintering index trait

of the studied honey bee colonies
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Fig. 3. Mean comparison on the effect of smart system enhancing the overwintering performance of bees on the honey production trait of

the studied honey bee colonies
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Table 2. Variance analysis on the effect of smart system enhancing the overwintering performance of bees on the studied traits of the
honey bee colonies in the current research

Sum of Squares

Variations S df F P- val
ariations sourees Overwintering index Honey production (kg) vave
Treatments 2 22.298" 444.292** 12.38 0.0001
Error 18 12.254 103.160 22.44 0.0001

**; Significance at the 1% probability level, *: Significance at the 5% probability level, n.s: not significant

Journal of Entomological Society of Iran 2025 ¢ 45 (3)



Rahimi et al. 459

8> (505905 4 oliwd Can b, Sue auwg 4 Copinl (6)5ld 3l eolawl b 1) (glasja oS Medien (5908 Ochoaa er al (2019) (5,555 adllas )5
e gl Ao Cud (ABly Gloj > b K dlwg 4 948 (g 9 Cugy o> Jro g8 > SLMBI s el 3 0315 515 (b)) 3550 5 Sk
s S 9y (Bly ploj )3 e Capde 9 JES (38 oS ol Bl ) Bl e s (ol )0 b Lyl ol Gl e o)
lie; Sl S E 5 (560ke cilisen (glayguiS > 00 ploxl Sldllae gulis ol pm Vb 1) 093 a9 (5390300 somif (s o )3 9 Madly
YT o Glise; 50 g oy YV/Y 2gds o YL YVA=Y VR 1l 13 5 a0 VY g0 YOA-Y R 13 byl jalS ¥V )3 Jauejoud slo SIS
alllan 3,90 b)) 558 ¥V 3 st 19055 (slo oS Wliwsj Uil 13m0 15 onatbs Laais ot cpsizzads <l 005 IS 1) VE/D JIYAS oy YoVY
B b dliae; Glal sdas LY 3l (S (Gray eral, 2020, 2022) cul ok )55 2o )3 YIA 3935 ol sl o8y cpl 45 039 oy ¥ o5
bl (sloystS g oad ()15 e sl eSS Sl oalisal g )5S f ())sss (6)b)ses 8y s (i pols ddlllas )3 s 350 (slaS
Y s 5 b adlls gl & dogs b B ob (6 yteS Wlisj Sl W ilS 5 syin elogielsiSS ) ool 5 (gl o505 oyt
sl )ys ) ISile; g5 oA g Aodon a1 odlitsl Bigel o (Byme s 95) Slo S lis; Sl SalS > g (slacsleiss
oot b bye SlaglSyl GLulid )l & bl o) ogerte ORI 5 Jusy955) G lS aline; Sl 2alS (gl pobs addllae 3 0us (A0
238 o ey loy9555 41 s (2l G259l 5 e (512

shal o 5 ileil ol 59y g (180 kuma; ()55 218 Cogl Modoh pisms s plSi U yg55 )1) 13 (6 e gt ol adllane
S pas g (5 priadgn (yed 33,5 oo ey culpl 95yl adllas )3 (g 350 o] g3 390 nl &Sl 4 a2 g b csalite o]
25 B s 290 o] Slallas 53 55 g )y (59 e 2l L 5385 @IS & litod (Sl (S ReD (B2 4 e

Author's Contributions

Ataollah Rahimi: conceptualization, methodology, formal analysis, investigation, draft preparation, final review and edit,
visualization, supervision, project administration and funding acquisition; Saleh Salehi: final review and edit; Naser
Tajabadi: final review and edit and methodology.

Author's Information

Ataollah Rahimi P4 ata.rahimi@areeo.ac.ir https://orcid.org/0000-0002-4298-7304

Saleh Salehi P< saleh3100@yahoo.com https://orcid.org/0000-0001-7834-2746

Naser Tajabadi P4 ntajabadi@yahoo.com https://orcid.org/0000-0002-9856-8467
Funding

This research has received financial support by the Organization of Kurdistan Agricultural Jihad, Sanandaj, Iran.

Data Availability Statement

All data supporting the findings of this study are available within the paper.

Acknowledgments

The authors are extremely grateful to Dr. Reza Amiri and Dr. Hamid Reza Bahmani for the scientific editing of this article.
Ethics Approval
Insects were used in this study. All applicable international, national, and institutional guidelines for the care and use of

animals were followed. This article does not contain any studies with human participants performed by any of the authors.

Conflict of Interest

The authors declare that there is no conflict of interest regarding the publication of this paper.

Generative Al statement

The authors declare that no Gen Al was used in the creation of this manuscript.

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)


mailto:ata.rahimi@areeo.ac.ir
https://orcid.org/0000-0002-4298-7304
mailto:saleh3100@yahoo.com
https://orcid.org/0000-0001-7834-2746
mailto:ntajabadi@yahoo.com
https://orcid.org/0000-0002-9856-8467
https://orcid.org/0000-0001-9164-2807
https://orcid.org/0000-0003-3491-6757
https://orcid.org/0000-0001-6072-3604

460 Smart system effects on honey bee performance...

REFERENCES

Aydin, S. & Aydin, M. N. (2022) Design and implementation of a smart bechive and its monitoring system using micro
services in the context of loT and open data. Computers and Electronics in Agriculture, 196, 106897.
https://doi.org/10.1016/j.compag.2022.106897

Azimi, H., Delfanian, M. & Mahmoudjanlou, M. (2020) "Intelligent system for Safety and increase the efficiency of Bee" .
The second international congress and 10 ™ Iranian honey bee congress, 2 & 3 February 2020, Karaj, Iran

BIP. (2014) National management survey 2013 and 2014 results. Reported on the BIP website: https://apisociety.areeo.ac.ir/

Brodschneider, R., Gray, A., Adjlane, N., Ballis, A., Brusbardis, V., Charriére, J. D., Chlebo, R., Coffey, M.F., Dahle, B.,
Graaf, D.C., Drazi¢, M.M., Evans, G., Fedoriak, M., Forsythe, 1., Gregorc, A., Grzeda, U., Hetzroni, A., Kauko, L.,
Kristiansen, P., Martikkala, M., Martin-Herndndez, R., Medina-Flores, C.A., Mutinelli, F., Raudmets, A., Ryzhikov,
V.A., Simon-Delso, N., Stevanovic, J., Uzunov, A., Vejsnas, A., Wohl, S., Zammit-Mangion, M, & Danihlik, J. (2018)
Multi-country loss rates of honey bee colonies during winter 2016/2017 from the COLOSS survey. journal of
Apicultural Research, 57, 452-457. https://doi.org/10.1080/00218839.2018.1460911

Brodschneider, R., Gray, A., Van der Zee, R., Adjlane, N., Brusbardis, V., Charriére, J. D., Chlebo, R., Coffey, M.F.,
Crailsheim, K., Dahle, B., Danihlik, J., Danneels, E., Graaf, D,C., Drazi¢, M.M., Fedoriak, M., Forsythe, I,
Golubovski, M., Gregorc, A., Grzeda, U., Hubbuck, 1., Tunca, R., Kauko, L., Kilpinen, O., Kretavicius, J., Kristiansen,
P., Martikkala, M., Martin-Herndndez, R., Mutinelli, F., Peterson, M., Otten, C., Ozkirim, A., Raudmets, A., Simon-
Delso, N., Soroker, V., Topolska, G., Vallon, J., Vejsnas, F. & Woehl, S. (2016) Preliminary analysis of loss rates of
honey bee colonies during winter 2015/16 from the COLOSS survey. Journal of Apicultural Research, 55, 375-378.
hteps://doi.org/10.1080/00218839.2016.1260240

Delaplane, K. S., Van der Steen, J. & Guzmdn-Novoa, E. (2013) Standard methods for estimating strength parameters of
Apis mellifera colonies. Journal of Apiculture Science, 52, 1-12. https://doi.org/10.3896/IBRA/1.52.1.03

Dogan, S., Akbal, E., Koca, G. K. & Balta, A. (2017) Design of a Remote-Controlled Beehive for Improving Efficiency of
Beekeeping Activities. 8th International Advanced Technologies Symposium, 19-22 October 2017, Elazig, Turkey.

Gray, A., Adjlane, N, Arab, A., Ballis, A., Brusbardis, V., Douglas, A.B., Cadahia, L., Charri¢re, J.D., Chlebo, R., Coffey,
M.F., Cornelissen, B., Amaro da Costa, C., Danneels, E., Danihlik, J., Dobrescu, C., Evans, G., Fedoriak, M., Forsythe,
I., Gregore, A., Arakelyan, LI., Johannesen, J., Kauko, L., Kristiansen, P., Martikkala, M., Martin-Herndndez, R.,
Mazur, E., Medina-Flores, C.A., Mutinelli, F., Omar, E.M., Patalano, S., Uzunov, A., Vejsnaes, F., Williams, A. &
Brodschneider, R. (2022) Honey bee colony loss rates in 37 countries using the COLOSS survey for winter 2019-2020:
the combined effects of operation size, migration and queen replacement. Journal of Apicultural Research, 62, 204-210.
hteps://doi.org/10.1080/00218839.2022.2113329

Gray, A., Adjlane, N., Arab, A., Ballis, A., Brusbardis, V., Charri¢re, J. D., Chlebo, R., Coffey, M.E., Cornelissen, B., Costa,
C.A., Dahle, B., Danihlik, J., Drazi¢, M.M., Evans, G., Fedoriak, M., Forsythe, 1., Gajda, A., Graaf, D.C., Gregorc,
A., Ilieva, L., Johannesen, J., Kauko, L., Kristiansen, P., Martikkala,M., Martin-Herndndez, R., Medina-Flores, C.A.,
Mutinelli, F., Patalano, S., Raudmets, A., Martin, G.S., Soroker, V., Stevanovic, J., Uzunov, A., Vejsnaes, F., Williams,
A., Zammit-Mangion, M. & Brodschneider, R. (2020) Honey bee colony winter loss rates for 35 countries participating
in the COLOSS survey for winter 2018-2019, and the effects of a new queen on the risk of colony winter loss. Journal
of Apicultural Research, 59, 744-751. https://doi.org/10.1080/00218839.2020.1797272

Hadju, H., Ammar, D. & Lefebvre, L. (2022) Toward an intelligent and efficient beehive: A survey of precision beekeeping
systems and services. Computers and Electronics in Agriculture, 192, 1-16.
https://doi.org/10.1016/j.compag.2021.106604

Lee, K.V, Steinhauer, N., Rennich, K., Wilson, M.E., tarpy, D. R., caron, D.M., Rose, R., Delaplane, K.S., Baylis, K.,
Lengerich, E.J., Pettis, E., Skinner, J.A., Wilkes, J.T., Sagili, R. & Engelsdorp, D. (2015) A national survey of managed
honey bee 20132014 annual colony losses in the USA. Apidologie, 46, 292-305. https://doi.org/10.1007/s13592-015-
0356-z

Lyu, X., Zhang, S. & Wang, Q. (2019) Design of intelligent beehive system based on internet of things technology. Advances
in Computer Science Research, 90, 221-226. https:// doi.org/10.2991/iccia-19.2019.18

Ochoaa, I., Gutierrez, S. & Rodriguez, F. (2019) Internet of things: low-cost monitoring beehive system using wireless
sensor network. 2019 IEEE International Conference on Engineering Veracruz (ICEV).
https://doi.org/10.1109/icev.2019.8920622

Rahimi, A. & DParichehreh, SH. (2024) Evaluation of a new plant-based formulation to control Varroa mite (Varroa
destrucror) in honey bee (Apis mellifera) colonies. jJournal of Entomological Society of Iran, 44: 417-428.
hteps://doi.org.10.61186/jesi.44.4.5

Journal of Entomological Society of Iran 2025 ¢ 45 (3)


https://doi.org/10.1016/j.compag.2022.106897
https://darkob.co.ir/patent-details/14882/-%D8%B3%DB%8C%D8%B3%D8%AA%D9%85-%D9%87%D9%88%D8%B4%D9%85%D9%86%D8%AF-%D8%A7%DB%8C%D9%85%D9%86%DB%8C-%D8%B2%D9%86%D8%A8%D9%88%D8%B1-%D9%88-%D8%A7%D9%81%D8%B2%D8%A7%DB%8C%D8%B4-%D8%B9%D8%B3%D9%84-/%7E/%7E
https://apisociety.areeo.ac.ir/
https://www.tandfonline.com/author/Chlebo%2C+Robert
https://www.tandfonline.com/author/Coffey%2C+Mary+F
https://www.tandfonline.com/author/Dahle%2C+Bj%C3%B8rn
https://www.tandfonline.com/author/de+Graaf%2C+Dirk+C
https://www.tandfonline.com/author/de+Graaf%2C+Dirk+C
https://www.tandfonline.com/author/Maja+Dra%C5%BEi%C4%87%2C+Marica
https://www.tandfonline.com/author/Evans%2C+Garth
https://www.tandfonline.com/author/Fedoriak%2C+Mariia
https://www.tandfonline.com/author/Forsythe%2C+Ivan
https://www.tandfonline.com/author/Gregorc%2C+Ale%C5%A1
https://www.tandfonline.com/author/Grz%C4%99da%2C+Urszula
https://www.tandfonline.com/author/Hetzroni%2C+Amots
https://www.tandfonline.com/author/Kauko%2C+Lassi
https://www.tandfonline.com/author/Kristiansen%2C+Preben
https://www.tandfonline.com/author/Kristiansen%2C+Preben
https://www.tandfonline.com/author/Martikkala%2C+Maritta
https://www.tandfonline.com/author/Mart%C3%ADn-Hern%C3%A1ndez%2C+Raquel
https://www.tandfonline.com/author/Aurelio+Medina-Flores%2C+Carlos
https://www.tandfonline.com/author/Mutinelli%2C+Franco
https://www.tandfonline.com/author/Raudmets%2C+Aivar
https://www.tandfonline.com/author/A+Ryzhikov%2C+Vladimir
https://www.tandfonline.com/author/Simon-Delso%2C+Noa
https://www.tandfonline.com/author/Stevanovic%2C+Jevrosima
https://www.tandfonline.com/author/Uzunov%2C+Aleksandar
https://www.tandfonline.com/author/Vejsn%C3%A6s%2C+Flemming
https://www.tandfonline.com/author/W%C3%B6hl%2C+Saskia
https://www.tandfonline.com/author/Zammit-Mangion%2C+Marion
https://doi.org/10.1080/00218839.2018.1460911
https://www.tandfonline.com/author/Chlebo%2C+Robert
https://www.tandfonline.com/author/Coffey%2C+Mary+F
https://www.tandfonline.com/author/Crailsheim%2C+Karl
https://www.tandfonline.com/author/Dahle%2C+Bj%C3%B8rn
https://www.tandfonline.com/author/Danihl%C3%ADk%2C+Ji%C5%99%C3%AD
https://www.tandfonline.com/author/Danneels%2C+Ellen
https://www.tandfonline.com/author/de+Graaf%2C+Dirk+C
https://www.tandfonline.com/author/Dra%C5%BEi%C4%87%2C+Marica+Maja
https://www.tandfonline.com/author/Fedoriak%2C+Mariia
https://www.tandfonline.com/author/Forsythe%2C+Ivan
https://www.tandfonline.com/author/Golubovski%2C+Miroljub
https://www.tandfonline.com/author/Gregorc%2C+Ales
https://www.tandfonline.com/author/Grz%C4%99da%2C+Urszula
https://www.tandfonline.com/author/Hubbuck%2C+Ian
https://www.tandfonline.com/author/%C4%B0vgin+Tunca%2C+Rah%C5%9Fan
https://www.tandfonline.com/author/Kauko%2C+Lassi
https://www.tandfonline.com/author/Kilpinen%2C+Ole
https://www.tandfonline.com/author/Kretavicius%2C+Justinas
https://www.tandfonline.com/author/Kristiansen%2C+Preben
https://www.tandfonline.com/author/Martikkala%2C+Maritta
https://www.tandfonline.com/author/Mart%C3%ADn-Hern%C3%A1ndez%2C+Raquel
https://www.tandfonline.com/author/Mutinelli%2C+Franco
https://www.tandfonline.com/author/Peterson%2C+Magnus
https://www.tandfonline.com/author/Otten%2C+Christoph
https://www.tandfonline.com/author/Ozkirim%2C+Asl%C4%B1
https://www.tandfonline.com/author/Raudmets%2C+Aivar
https://www.tandfonline.com/author/Simon-Delso%2C+Noa
https://www.tandfonline.com/author/Simon-Delso%2C+Noa
https://www.tandfonline.com/author/Soroker%2C+Victoria
https://www.tandfonline.com/author/Topolska%2C+Grazyna
https://www.tandfonline.com/author/Vallon%2C+Julien
https://www.tandfonline.com/author/Vejsn%C3%A6s%2C+Flemming
https://doi.org/10.1080/00218839.2016.1260240
http://dx.doi.org/10.3896/IBRA/1.52.1.03
https://www.tandfonline.com/author/Cadah%C3%ADa%2C+Luis
https://www.tandfonline.com/author/Charri%C3%A8re%2C+Jean-Daniel
https://www.tandfonline.com/author/Chlebo%2C+Robert
https://www.tandfonline.com/author/Coffey%2C+Mary+F
https://www.tandfonline.com/author/Cornelissen%2C+Bram
https://www.tandfonline.com/author/Costa%2C+Cristina+Amaro+da
https://www.tandfonline.com/author/Danneels%2C+Ellen
https://www.tandfonline.com/author/Danihl%C3%ADk%2C+Ji%C5%99%C3%AD
https://www.tandfonline.com/author/Dobrescu%2C+Constantin
https://www.tandfonline.com/author/Evans%2C+Garth
https://www.tandfonline.com/author/Fedoriak%2C+Mariia
https://www.tandfonline.com/author/Forsythe%2C+Ivan
https://www.tandfonline.com/author/Gregorc%2C+Ale%C5%A1
https://www.tandfonline.com/author/Ilieva+Arakelyan%2C+Iliyana
https://www.tandfonline.com/author/Johannesen%2C+Jes
https://www.tandfonline.com/author/Kauko%2C+Lassi
https://www.tandfonline.com/author/Kristiansen%2C+Preben
https://www.tandfonline.com/author/Martikkala%2C+Maritta
https://www.tandfonline.com/author/Mart%C3%ADn-Hern%C3%A1ndez%2C+Raquel
https://www.tandfonline.com/author/Mazur%2C+Ewa
https://www.tandfonline.com/author/Medina-Flores%2C+Carlos+Aurelio
https://www.tandfonline.com/author/Mutinelli%2C+Franco
https://www.tandfonline.com/author/Omar%2C+Eslam+M
https://www.tandfonline.com/author/Patalano%2C+Solenn
https://www.tandfonline.com/author/Uzunov%2C+Aleksandar
https://www.tandfonline.com/author/Vejsnaes%2C+Flemming
https://www.tandfonline.com/author/Williams%2C+Anthony
https://doi.org/10.1080/00218839.2022.2113329
https://www.tandfonline.com/author/Chlebo%2C+Robert
https://www.tandfonline.com/author/Coffey%2C+Mary+F
https://www.tandfonline.com/author/Cornelissen%2C+Bram
https://www.tandfonline.com/author/Amaro+da+Costa%2C+Cristina
https://www.tandfonline.com/author/Dahle%2C+Bj%C3%B8rn
https://www.tandfonline.com/author/Danihl%C3%ADk%2C+Ji%C5%99%C3%AD
https://www.tandfonline.com/author/Dra%C5%BEi%C4%87%2C+Marica+Maja
https://www.tandfonline.com/author/Evans%2C+Garth
https://www.tandfonline.com/author/Fedoriak%2C+Mariia
https://www.tandfonline.com/author/Forsythe%2C+Ivan
https://www.tandfonline.com/author/Gajda%2C+Anna
https://www.tandfonline.com/author/de+Graaf%2C+Dirk+C
https://www.tandfonline.com/author/Gregorc%2C+Ale%C5%A1
https://www.tandfonline.com/author/Ilieva%2C+Iliyana
https://www.tandfonline.com/author/Johannesen%2C+Jes
https://www.tandfonline.com/author/Kauko%2C+Lassi
https://www.tandfonline.com/author/Kristiansen%2C+Preben
https://www.tandfonline.com/author/Martikkala%2C+Maritta
https://www.tandfonline.com/author/Mart%C3%ADn-Hern%C3%A1ndez%2C+Raquel
https://www.tandfonline.com/author/Medina-Flores%2C+Carlos+Aurelio
https://www.tandfonline.com/author/Mutinelli%2C+Franco
https://www.tandfonline.com/author/Patalano%2C+Solenn
https://www.tandfonline.com/author/Raudmets%2C+Aivar
https://www.tandfonline.com/author/Martin%2C+Gilles+San
https://www.tandfonline.com/author/Soroker%2C+Victoria
https://www.tandfonline.com/author/Stevanovic%2C+Jevrosima
https://www.tandfonline.com/author/Uzunov%2C+Aleksandar
https://www.tandfonline.com/author/Vejsnaes%2C+Flemming
https://www.tandfonline.com/author/Williams%2C+Anthony
https://www.tandfonline.com/author/Zammit-Mangion%2C+Marion
https://doi.org/10.1080/00218839.2020.1797272
https://doi.org/10.1016/j.compag.2021.106604
https://doi.org/10.1007/s13592-015-0356-z
https://doi.org/10.1007/s13592-015-0356-z
https://doi.org/10.1109/icev.2019.8920622
https://doi.org.10.61186/jesi.44.4.5

Rahimi et al. 461

Rahimi, A. (2024) Design, construction and evaluation of the performance of the smart system enhancing the overwintering
behavior of honey bee colonies in the climatic conditions of Kurdistan. Final report of the research project, Animal
Sciences Research Institute of Iran, Karaj, Iran.

Rahimi, A., Mirmoayedi, A., Kahriz, D., Zarei, L. & Jamali, S. (2022) Molecular genetic diversity and population structure
of Iranian honey bee (Apis mellifera meda) populations: Implications for breeding and conservation. Journal of Plant
diseases and Protection, 129, 1331-1342. https://doi.org/10.1007/s41348-022-00657-w

Rahimi, A., Mirmoayedi, A., Kahriz, D., Zarei, L. & Jamali, S. (2023a) Genetic characterization of Iranian honeybees, Apis
mellifera meda Skorikow, 1829, based on microsatellite DNA polymorphism. Biochemical Genetics, 61, 2293-2317.
https://doi.org/ 10.1007/s10528-023-10368-y

Rahimi, A., Tajabadi, N., Toopchi, B., Bahmani, H. & Salehi, S. (2023b) Overwintering honey bees: biology and
management. [ranian Honey bee Science and Technology, 13, 48-31. https://doi.org/10.22034/hbsj.2023.129654

Tahmasebi, GH., Ebadi, R., Baneh, H., Parichehreh, Sh., Babaei, M., Seyfie., N. & Sartippour, A. (2022) The variation
trend of the functional traits of improved queens of Iranian honeybees (Apis mellifera meda) during four generations in
different private apiaries. Animal Production Research, 11, 91-105. https://doi.org/ 10.22124/AR.2022.15688.1534

Ruttner, F. (1988) Biogeography and Taxonomy of Honey bees. Springer-Verlag, Berlin, Heidelberg and New York.
http://dx.doi.org/10.1007/978-3-642-72649-1

Salehpor, F., Ghafari, M., Rahimi, A. & Mokhbar, M. (2023) Effect of vitamins thiamine and riboflavin on population
growth, functional traits, and body fat and protein reserves in Iranian honey bee (Apis mellifera meda) colonies. Animal
Production Research, 13, 87-98. https://doi: 10.22124/ar.2024.26114.1803

Voorhies, E. C., Todd, F. E. & Galbraith, J. K. (1993) Economic aspects of the bee industry. Bulletin 555, University of
California, College of Agriculture, Berkeley, 118 p.

Yarahamdi, S., Mirai Ashtiani, S., Ebadi, R. & Tahmasabi, G. (2001) Phenotypic correlations among 9 morphological and
3 production traits in the honey-bee population in Tehran province. Journal of Crop Production and Processing, 5,

157-168.

Ciration: Rahimi, A., Salehi, S. & Tajabadi, N. (2025). The effect of the smart system enhancing the
overwintering performance of bees on overwintering index and honey production traits of honey bee (Apis

mellifera) colonies, J. Entomol. Soc. Iran 45 (3), 453—462.

DOIL: https:/ /doi.org/10.61186/jesi.45.3.11
URL: https://jesi.areeo.ac.ir/article_131275.html

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)


http://dx.doi.org/10.1007/s41348-022-00657-w
https://doi.org/10.1007/s10528-023-10368-y
https://doi.org/10.22034/hbsj.2023.129654
http://dx.doi.org/10.1007/978-3-642-72649-1
https://doi:%2010.22124/ar.2024.26114.1803
https://jcpp.iut.ac.ir/article-1-195-en.pdf
https://jcpp.iut.ac.ir/article-1-195-en.pdf
https://doi.org/10.61186/jesi.45.3.11
https://jesi.areeo.ac.ir/article_131275.html

pISSN: 0259-9996 — elSSN: 2783-3968

Journal of Entomological Society of Iran 2025, 45 (3), 453-462

The effect of the smart system enhancing the overwintering performance of
bees on overwintering index and honey production traits of honey bee
(Apis mellifera) colonies
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Abstract. Overwintering and winter losses are one of the biggest challenges for honey
bee colonies and beekeepers in cold and temperate regions of the world. The present study
aimed to investigate the effect of the smart system enhancing the overwintering performance
of bees on in overwintering index and honey production traits of honey bee colonies in the
climatic conditions of Kurdistan province from February 2022 to May 2024. This research
was designed and implemented in the form of a completely randomized design with three
treatments (including: the first treatment of honey bee colonies with the smart system
enhancing with a wooden protector, the second treatment of honey bee colonies with the
smart system enhancing with a concrete protector and the third treatment of honey bee
colonies without the smart system enhancing as a control) and 7 replications. Experimental
colonies were homogenized in terms of queen age and population (adults and brood) in
April to September 2022 before conducting the experiment. Variance analysis results of the
data obtained from the present study showed that the installation of the smart system
enhancing the overwintering performance of bees had a significant effect on overwintering
index and honey production trait of the studied honey bee colonies (p<0.01). Based on the
mean comparison results, the highest average wintering index and honey production traits
with an average of 6.11 and 20.26 kg, respectively, are related to honey bee colonies with

the smart system enhancing the overwintering performance of bees with a concrete A”iCA]e Info

protector, and the lowest with an average of 65. 2 and 7.98 kg were related to the control Recelved: 19 OCt?ber 2024
According to the findings of the present research, the use of the smart system Accepted: 10 April 2025

treatment. According 8 P ? 4 Published: 25 July 2025

enhancing the overwintering performance of bees with a concrete protector can be suggested
to reduce winter losses, increase colony production and also reduce temperature fluctuations  §;bjcct Edicor: Rasoul Bahreini
in the early months of the year inside the colony in Kurdistan province and other . . .
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neighboring provinces with similar climatic conditions.
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