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Abstract

The changes of temperature and humidity in hives made of different material (wood, polystyrene,
ceramics) during the autumn-winter period (2020-2021) from the development of bee colonies are
tracked. Bee colonies settled in 10-frame hives Dadan-Blatt system with lattice and solid bottoms are
used. To control the temperature and humidity in the beehives, an electronic recording system is used
with sensors installed in each hive and one sensor for monitoring the outside temperature and humid-
ity. During the studied autumn-winter period the temperature in the hives (average for the period and
by months) is higher and the humidity lower compared to the values of the outside temperature and
humidity, regardless of the material of the hive and the type of bottom (lattice or solid). The highest
average temperature in the autumn period (September, October, November) is found in the ceramic
hive with a solid bottom (29.15 + 6.51 °C), and the minimum value is reported in the polystyrene hive
with a solid bottom (19.01 + 8.47 °C). During the same period, the maximum value of the humidity
indicator for the hives with a lattice bottom is observed in the ceramic hive (50.74 = 8.92%) and the
minimum in the polystyrene hive (45.91 + 9.62%). For beehives with a solid bottom, the highest av-
erage humidity is found in the polystyrene hive (55,14 + 6,96%), and the lowest in the wooden hive
(44.69 £ 5.00%).

During the winter period (December, January, February) the highest average temperature is found
in wooden hives (10.15 + 5.61 °C and 11.89 + 5.16 °C), and the lowest in polystyrene hives (7.44 + 5.12
°C and 7.61 + 4.23 °C), regardless of the type of bottom. The largest difference from the outside tem-
perature (5.11 °C on average) is observed in the wooden hives — 5.04 °C with a lattice bottom and 6.78
°C with a solid bottom, respectively. The lowest average value of the humidity indicator is reported
in the wooden hives, regardless of the type of the bottom (69.70 + 14.16% and 55.45 + 10.04%), and
the highest in the polystyrene hive with a lattice bottom and the ceramic hive with a solid bottom (in
70-75%). The difference between the average values of the humidity indicator in the hives compared
to the external humidity (79.24%) in the hives with lattice bottoms is less than 10%. In the hives
with solid bottoms the differences vary in the range of 6-24% with the highest being in the wooden
hives.
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Pe3rome

[Ipocnenenu ca npoMeHHUTE Ha TeMIIepaTypaTa v BIIaXKHOCTTA B KOILIEPU, U3pa00TEHH OT pa3inyeH
MaTepua (IbpBO, IOJUCTUPOIL, KepaMHUKa) ITpe3 eceHHO-3uMHUs iepuoa (20202021 1) oT pa3BUTHETO
Ha M4YEITHUTE ceMelcTBa. 3momns3BaHu ca muenHu ceMeiicTBa, 3aceneHu B 10-paMKOBH Koluepw,
cucreMa /lagan-bnar, ¢ pelieThuHN U IUTBTHU JIbHA. 32 KOHTPOJI HA TEMIIEPATypaTa v BJIa)KHOCTTA B
ITYEJIHUTE THE3/1a € U3I0JI3BaHa eJIEKTPOHHA 3allMCBalla CUCTEMA C MOHTHPAHU JATYULU BbB BCEKU
KOILIEp ¥ €IMH JIaTYMK 3a IPOCie/siBaHE Ha BbHIITHATA TEMIIepaTypa U BlaxHocT. [Ipe3 uscnenBanus
€CEHHO-3UMEH NEPHOJI TEMIIEpaTypaTa B KOILIEPUTE (CPEIHO 3a MEPHO/A U MO0 MECEIH) € MO-BUCOKa,
a BJIAJKHOCTTA IMO-HHCKA B CPAaBHEHHME ChC CTOMHOCTUTE Ha BBHILHATA TEMIIEpaTypa U BIIA’KHOCT,
HE3aBHCUMO OT MaTepHajia Ha KOIlIepa W BHJA Ha JBHOTO (PeleThYHO Wi IIbTHO). Hail-Bucoka
CpelHa CTOMHOCT Ha TeMIlepaTypaTa Mpe3 €CeHHUs Mepuoj] (CEnTeMBpPHU, OKTOMBPH, HOEMBPH) €
YCTaHOBEHA MIPH KEPAaMHUYHHUS KOIIEP ¢ TUTBTHO IBHO (29,15 £ 6,51 °C), a MUHMMaTHaTa CTOMHOCT
€ OTYeTEeHa IpU MOJMCTUPONHUS Kouep ¢ mIbTHO AbHO (19,01 + 8,47 °C). I[lpe3 chius nepuos
MaKCHMaJlHaTa CTOMHOCT Ha MOKAa3aTessl BIaKHOCT 3a KOIIEPUTE C PEIIETHYHO JBHO € Ha0I0gaBaHa
npu kepamuanug xorep (50,74 + 8,92%) u MuUHMMaTHA IPU MOTUCTUPOTHUS Koutep (45,91 + 9,62%).
3a KOLIEPUTE C IUIBTHO IbHO Hall-BUCOKA CPEIHA BJIAYKHOCT € YCTAHOBEHA ITPH ITOJIUCTUPOIHUS KOLIEep
(55,14 + 6,96%), a Haii-HUCKa TP ABbpBeHUs Komep (44,69 + 5,00%). [Ipe3 3umuus nepros (1eKeMBpH,
sHyapH, (heBpyapH) Hali-BUCOKa CPEHA CTOMHOCT Ha TEMIIepaTypaTa € yCTaHOBEHA MPH IbPBECHUTE
KOILIEpH, a HAW-HUCKA IIPU IIOJUCTUPOIHUTE KOLIEPH, HE3aBUCUMO OT BUJA HA JbHOTO. Hali-ronsmMa
pasziuKa CnpsiMO BBHIIIHATa Temieparypa (cpenso 5,11 °C) ce HabmronaBa npu JIbpPBEHUTE KOIIEPU
— ¢poTBeTHO 5,04 °C ¢ pemerbuHo aAbHO U 6,78 °C ¢ miIbTHO AbHO. Hali-HuCKa cpenHa CTOMHOCT
Ha M0Ka3aTess BIaKHOCT € OTYETEHA MPHU IbPBEHUTE KOIIEpPH, HE3aBUCHUMO OT BHJa Ha ABHOTO, a
MaKCUMaJHa [IPH MOJUCTUPOIHUS KOLIEP C PEHIETHYHO IbHO U KEpAaMUYHUS KOUIEP C MIIBTHO JBHO.
Pasnukara Mexy cpelHUTE CTOMHOCTH Ha MOKA3aTelsl BJIAYXKHOCT B KOILEPUTE CIIPSMO BBHIIIHATA
BJIQKHOCT Ha BB3ayXa (79,24%) npu xouepure ¢ pemeTbyHu J1bHA € nox 10%. IIpu komepure ¢
IUIBTHU JbHA PA3IUMKUTE Bapupar B rpaHunure 6—24%, KaTo Hail-BUCOKA € MPU KOUIEPUTE OT
I'BPBO.

Knwuoseu dymu: 1maenHu KOWeEpH, TEMIIEPATypa, BIAXKHOCT, MOHUTOPUHT

Introduction for the normal development of the bee colony. In

the various activities performed by honey bees in

The evolutionary development of honey bees  the colony (warming the nest, guarding the home,
has led them to a social way of life. Temperature  collecting nectar and pollen, raising brood, rear-
regulation in the beehive is of great importance  ing queen bees, etc.), bees maintain optimal limits
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of temperature and humidity (Eskov, 1981, 1983;
Abou Shaara et al., 2017). This is possible thanks
to the well-developed thermo- and hydroreceptors
and the CO, receptors. The temperature main-
tained by the colony members in the bee nest is
characterized by high stability, especially in the
brood area (Eskov, 1981; Petz et al., 2004; Ohashi
et al., 2009; Stabentheiner et al., 2010). A number
of studies (Owens, 1971; Villumstad, 1974; De-
troy et al., 1982) are linked to the minimization of
winter death of bee colonies by maintaining the
temperature in the hives. Vorobeva et al. (2020)
accept the maintenance of an optimal microcli-
mate in the bee nest (temperature, humidity, ven-
tilation) as a task of great importance related to
the winter hardiness of bee colonies.

Monitoring the microclimate in bee nests is
also necessary due to the introduction in bee-
keeping practice of hives made of different ma-
terials (polystyrene, ceramics, etc.), in which
the insulation characteristics are different from
wood (Detroy et al., 1982; Erdogan, 2019; Lepk-
ova et al., 2019, 2020). According to Detroy et al.
(1982), a hive that provides better insulation sig-
nificantly reduces honey consumption. The com-
parative analysis made by Erdogan (2019) shows
that wooden hives are durable, but they are heavy
and with not very good thermal insulation, while
the polystyrene hives are light, suitable for mo-
bile beekeeping, but with not very good ventila-
tion characteristics. According to Lepkova et al.
(2020) the different amount of moisture absorbed
by wood and ceramics is due to the different po-
rosity of these materials. In ceramic hives, due to
the higher moisture resistance of the material, it
is possible to prevent the development of various
microorganisms and to create a healthy environ-
ment for bees.

At the present stage technologies are effec-
tively used in agriculture, incl. in beekeeping (Al-
tun, 2012). Studies by a number of authors have
shown that temperature and humidity in hives
can be controlled by technological solutions (Fe-
hler et al., 2007; Tani and Cugnasca, 2007; Shao
and Xin, 2008; Eskov and Toboev, 2009; Erdo-
gan et al., 2009). Pulli and Zheng (2005) point
out that the analysis of data obtained through
wireless networks is common. In their experi-

ments, Altun (2012) uses sensors to measure the
temperature and humidity in the hives, and the
data from them are sent to a GSM central system
via a wireless sensor network system. The soft-
ware developed in the central system guarantees
that the beekeeper will be informed via GSM in
case of a problem.

In this regard, the control of changes in tem-
perature and humidity in the bee nest during the
different periods of development of bee colonies
is crucial. On the other hand, the control of tem-
perature and humidity in hives made of different
material will make it possible to assess the suit-
ability of these materials for rearing bee colo-
nies, respectively their impact on the physiology
and behaviour of bee specimens and the colony
as a whole during the different periods of their
lives. The application of modern technological
solutions for monitoring the microclimate in bee
nests will facilitate the control activities of bee-
keepers, which is why it is a topical issue of im-
portance for beekeeping science and practice.

The objective of the study is to trace tempera-
ture and humidity changes in hives made of dif-
ferent material (wood, polystyrene, ceramics)
via an electronic recording system during the
autumn and winter period of the development of
bee colonies (preparation for wintering, winter-
ing, beginning of active work).

Materials and methods

The study was carried out at the Training
Apiary of the Beekeeping Section of the Faculty
of Agriculture, Trakia University, Stara Zagora
during the beekeeping seasons of 2020 and 2021.
Bee colonies settled in 10-frame hives Dadan-
Blatt system were used. The hives are made of
different material — wood, polystyrene and ce-
ramic. The bee colonies are with queen bees of
the same age and origin supplied by the Bulgar-
ian Beekeepers’ Breeding Association (BBBA).

To control the temperature and humidity in
the beehives, an electronic recording system was
used with sensors installed in each hive (Fig. 1 A
and B) and one sensor for monitoring the outside
temperature and humidity (Fig. 1 C).
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Fig. 1. Electronic recording system

®wur. 1. EJ'IeKTpOHHa 3arucBania CuCctTeéMa

Fig. 2. Type of hives: A — polystyrene; B — wooden; C — ceramic
®ur. 2. Bun xomepu: A — nonuctupoinex; B — nppen; C — kepaMudeH

Three groups of bee colonies are formed de-
pending on the material of the hive. Each group
has two beehives — one with a lattice bottom and
the second with a solid bottom (Fig. 2).

The monitoring of temperature and humidity in
beehives covers the autumn (September, October
and November 2020) and winter (December 2020,
January and February 2021) periods of bee colony
development. The above-mentioned periods cover
preparation for wintering, development during the
winter (wintering), beginning of active work.

The data from the recording system are read
every 30 minutes and downloaded twice a week.
They are statistically processed on a computer —
Statistica 14.

Results and Discussion
Autumn period

The data about temperature values average for
the three months in the autumn period (Septem-
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ber, October, November) are given in Table 1. It
is evident from the table that during the studied
period temperature in the beehives is higher and
humidity is lower compared to the values of am-
bient temperature and humidity regardless of the
beehive material and the type of bottom (lattice
or solid one).

For hives with lattice bottom the average tem-
perature for the season varies within narrow lim-
its — from 25.27 + 6.88 °C (wooden hive) to 26.77
+ 10.95 °C (ceramic hive) — Table 1. The indi-
cated values are higher compared to the ambi-
ent temperature (16.64 + 8.03 °C average for the
period) and the difference is the greatest in the
ceramic hive (10.13 °C), followed by the polysty-

rene hive (9.27 °C), and the lowest one is in the
wooden hive (8.63 °C).

A reason for the results obtained regarding
the higher internal temperature in the ceramic
hive (even with a lattice bottom) compared to the
other two types of hives could be the accumu-
lation effect of the ceramic material (Lepkova,
2019, 2020). The smaller difference between in-
ternal and ambient temperature in the wooden
hive with a lattice bottom could be related to the
poor thermal insulation of the wood material
(Erdogan, 2019).

For hives with solid bottom a wider range of
the average seasonal temperature has been es-
tablished (from 19.01 + 8,47 °C to 29.15 + 6.51

Table 1. Temperature and humidity in hives of different materials — average for the autumn and winter season
Tadmuua 1. Temneparypa U BIa)KHOCT B KOIIEPH OT PAa3IMYHU MAaTEPUAIIH — CPEIHO 32 CE30H €CEH U 3MMa

. Season / Temperature, °C/ BnaxHocr, % /
Type of hive / Ce3oH Temnepatypa, °C Humidity, %
Bua kowep
n mean SD n mean SD

Polystyrene hive / [MonucmuponeH kowep  Autumn/ 1806 2591 749 1806 4591 962
— Lattice bottom / eceH ' ' ' '
MPEXECTO AbHO ;V;“‘::r ! 3365 744 512 3365 7401”865
_ Solid bottom / 2gL”Hm” / 2511 1901 847 2504 5448  9.04
MNBTHO ABHO K

winter / 3872 761 423 3872 68.20"  4.27

3nma
Wooden hive / IbpeeH kowep autumn/ 1917 2597 6.88 1917 4728 1110
— Lattice bottom / eceH ' ' ' '
MPEXECTO TbHO mgr ! 3757 1015 567 3757 69.70" 1416
— Solid bottom / :ﬂL”Hm” / 1513 26.95" 781 1512 4469 500
MNBTHO ABHO winter /

1955 1189 516 1955 5545 10.04

3nma
Ceramic hive / KepamuyeH kowep autumn/ 2726 2677 1095 9797 5074 8.9
— Lattice bottom / €ceH |
MPEXECTO ALHO ;";“‘::r 3508 8.20 524 3598 7043 10.21
_ Solid bottom / :gL”Hm” P 200 20450 651 2400 55447 6.96
NNBTHO ABHO .

winter /

e 2612 8.18 490 2612 73.06 5.84
External conditions / :gL”Hm” I 1664  8.03 2759 6471 19.93
BbHLLHKM yenosus winter /

e 2136 5.11 5.41 2136 7924 1796

P <0,001
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°C), the maximum value having been recorded
in the ceramic hive and the minimum one in the
polystyrene hive (Table 1). The average tempera-
ture for the period in the polystyrene hive with
a solid bottom is only 2.37 °C higher than the
recorded ambient temperature. In the wooden
and ceramic hive the differences between the
internal and ambient temperature are 45 times
greater compared to the polystyrene hive — 10.31
°C and 12.51 °C, respectively.

As 1s evident from Table 1, the observed dif-
ferences in the temperature values between hives
with a lattice and solid bottom have greater level
of probability (P < 0.001).

During the same period the maximum value
of the humidity indicator for hives with a lattice
bottom was observed in the ceramic hive and
the minimum one in the polystyrene hive (Table
1), the difference between the two values being
about 5%. The comparative analysis between the
humidity recorded inside the hives and that of the
surrounding environment (64.71%) shows differ-
ences of 14% (ceramic hive) and 19% (polysty-
rene hive).

For beehives with solid bottom, the highest
average humidity was found in the polystyrene
hive and the lowest one — in the wooden hive, the
difference between the maximum and minimum
value being twice as large as that of the hive with
lattice bottom (10.45%) — Table 1. Based on the
above results and the data on the reported aver-

age ambient humidity (64.71%) it can be com-
mented that hives made of wood absorb moisture
very well and optimal humidity is maintained in
the bee nest.

The observed differences in the humidity val-
ues between the hives with lattice and solid bot-
tom have high degree of reliability (P < 0.001)
— Table 1.

The comparative analysis between the ob-
tained results for temperature and humidity in
hives made of different material and with dif-
ferent types of bottom shows from medium to
high degree of reliability (Table 2). The reported
differences in terms of average autumn tempera-
ture between polystyrene and wood, polystyrene
and ceramic hive have a reliability of P < 0.01,
and in terms of humidity between polystyrene
and ceramic hive.

Fig. 3 presents graphically the results about
the average temperature in the hives and outside
them by months. In the months of September and
October, similar values of the average tempera-
tures were found for the polystyrene and wooden
hives with higher values in the hives with solid
bottom. The highest average values for the tem-
perature in the months of September and October
were reported in the ceramic hives with higher
temperature in the hive with lattice bottom com-
pared to the one with solid bottom. In November
the minimum values for this indicator were found
in polystyrene hives, with higher average temper-

Table 2. Reliability of differences in temperature and humidity values in hives of different material —

autumn period

Taﬁ.nnua 2. ,HOCTOBCpHOCT Ha pa3JIMKUTC B CTOMHOCTHTE 3a TeMIeparypa 1 BJIAKHOCT IPpU KOUICPU OT

pas3jInvdcH MaTepuall — CCCHEH NIEPUO/

Type of hive /
Bua kowep

Temperature, °C /
Temnepartypa, °C

Humidity, % /
BnaxHocT, %

Beehives with lattice bottoms / Kowepu ¢ mpexectu gbHa

polystyrene/wooden hive / nonncTponer/gbpBeH Kollep P =0.007" P=0.000"
polystyrene/ceramic hive / nonucTMponeH/kepammyeH koep P=0.004" P=0.000"
wooden/ceramic hive / fbpBeH/kepamuyeH koLuep P=0.000" P=0.000"
Beehives with solid bottoms / Kowepw ¢ nibTHM AbHa

polystyrene/wooden hive / nonMcTMponeH/abpBEH KoLlep P=0.000" P=0.000"
polystyrene/ceramic hive / nonmcTponex/kepammnyeH Kowep P=0.000" P=0.004"
wooden/ceramic hive / mbpBeH/kepaMnyeH KoLlep P=0.000" P=0.000"
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ature in the hive with lattice bottom (Fig. 3). In
the wooden hives, like the polystyrene ones, the
temperature is higher in the hive with lattice bot-
tom, while for the ceramic hives the higher value
is reported in the hive with solid bottom.

The analysis of the results presented on Fig. 3,
shows that in September and October the differ-
ence between the average temperature values in
the bee nests and the ambient temperature varies
from 7.63 °C to 17.96 °C for the hives with lattice
bottom and from 9.15 °C to 14.7 °C for the hives
with solid bottom. This difference is the greatest
in ceramic hives, regardless of the type of bot-
tom. In November, at average ambient tempera-
ture of 7.52 °C, the difference compared to the
temperatures recorded in the hives is the small-
est in the polystyrene hives — 5.8 °C a beehive
with lattice bottom and 5.48 °C a beehive with

solid bottom. For the wooden and ceramic hives
with lattice bottom, the differences found range
from 9.58 °C (ceramic hive) to 11.64 °C (wooden
hive), which is an indicator of good heat reten-
tion in hives made of wood. In the same type of
hives, but with a solid bottom, there are differ-
ences in the range of 9.02 °C — 13.31 °C, with the
greatest difference in the ceramic hive. Based on
these data, it can be commented that when ambi-
ent temperatures decrease, the ceramic hive re-
tains the accumulated heat very well when it has
a solid bottom.

Fig. 4 shows the results of humidity monitor-
ing in September, October and November.

In polystyrene hives in September and Oc-
tober, higher humidity was reported in the hive
with lattice bottom, and in November in the hive
with solid bottom (Fig. 4). With regard to wood-

% September
40 1 & October
35 . =November
30 A
g
8 25 4
3 :
=3 20 A -
= -
] - -é
= 15 : = —
10 - % = ;
5 -
0 - s
Ph-1b Ph-sb Wh-lb | Wh-sb Ch-lb | Ch-sb External conditions
September| 31,15 32,95 30.6 33,14 38,77 34,56 22,97
October 2441 | 25,22 24,51 | 25,71 34,03 30,77 16,07
November| 13,32 13 19,16 16,54 17.1 20,83 7,52

solid bottom

Fig. 3. Temperature monitoring average by months — autumn period

Legend: Ph-Ib: Polystyrene hive — lattice bottom; Ph-sb: Polystyrene hive — solid bottom; Wh-Ib: Wooden hive —
lattice bottom; Wh-sb: Wooden hive — solid bottom; Ch Ib:Ceramic hive — lattice bottom,; Ch-sb: Ceramic hive —

®ur. 3. MOHUTOPUHT Ha TeMIepaTypaTa CpeaHO M0 MECELH — €CEHEH NePUoJl

Jleeenoa: Ph-1b: [lonucmuponen kouep — mpedscecmo 0vHo, Ph-sb: [lonucmuponen kowep — nivmuo 0vHo, Wh-Ib:
Ilvpsen kouep — mpesicecmo 0vro, Wh-sb: /[epsen kouep — navmmo ovro, Ch-1b:Kepamuuen koutep — mpesicecmo

ovro; Ch-sb: Kepamuuen xowep — navmuo 0vbHo
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Ph-1b Ph-sb Wh-1b | Wh-sb Ch-Ib | Ch-sb External conditions
September| 38,12 36,09 37,51 40,84 43,08 51.35 50,23
October 54,02 50,57 50,91 46,73 55,36 58.25 74,29
November| 52,12 39,65 56,26 | 49,24 51,07 55.03 75.92

Fig. 4. Humidity monitoring average by months - autumn period

Legend: Ph-Ib: Polystyrene hive — lattice bottom; Ph-sb: Polystyrene hive — solid bottom, Wh-1b: Wooden hive —
lattice bottom; Wh-sb: Wooden hive — solid bottom,; Ch-Ib:Ceramic hive — lattice bottom,; Ch-sb: Ceramic hive —

solid bottom

®@ur. 4. MOHUTOPUHT Ha BJIAJKHOCTTA CPEITHO IO MECEIIH-ECCHEH TTePHUO.T

Jleeenoa: Ph-1b: [lonucmuponen kouep — mpesicecmo 0vHo, Ph-sb: [lonucmuponen kowep — nivmuo ovro, Wh-1b:
Jlvpsen kowep — mpesicecmo ovro;, Wh-sb: /[epeen kowep — navmuno 0vno; Ch-1b:Kepamuyen xowep — mpedicecmo

0vHo; Ch-sb: Kepamuuen koutep — nivmuo 0vbHO

en hives, higher average humidity value in Sep-
tember was found in the hive with solid bottom,
and in the months of October and November in
the hive with lattice bottom. The latter is prob-
ably due to the increased humidity outside the
hives, the difference compared to September be-
ing 24.0-25.7% more. In the ceramic hives in all
three months (September, October and Novem-
ber) higher humidity was reported in the hive
with solid bottom.

The data from Fig. 4 show that in October
and November the ambient humidity increased
to 74.0-75.9%, but in the hives it was lower and
remained in the range of 46.7-59.7%. The in-
formation from the beekeeping literature shows
that the optimal humidity for bee colonies is
from 50% to 90%, depending on the strength
of the bee colonies, the season and other factors
(Nenchev and Zhelyazkova, 2010).

Winter period

The data about the average temperature val-
ues for the three months of the winter period
(December, January and February) are given in
Table 1. Similar to the autumn period and dur-
ing the studied winter period the temperature in
the hives is higher and the humidity is lower in
comparison with the ambient temperature and
humidity values, regardless of the hive material
and the type of bottom (lattice or solid).

The results in Table 1 show that during the
winter period the maximum temperature was
reported in the wooden hives and the minimum
one in the polystyrene hives, regardless of the
type of bottom. The data analysis regarding the
differences between the established average am-
bient temperature (5.11 °C) and the average tem-
perature for the period in the hives shows that
the influence of the ambient temperature in the
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wooden hives is the weakest. The difference is
the smallest, respectively the greatest in the in-
fluence of the ambient temperature in the poly-
styrene hives, 2.33 °C (lattice bottom) and 2.5 °C
(solid bottom), respectively.

As can be seen from Table 1, the observed
differences in temperature values between the
hives with lattice and solid bottom have high de-
gree of reliability (P < 0.001) for the hives made
of wood. In polystyrene and ceramic hives these
differences are statistically unproven.

During the winter period, the maximum val-
ue of the humidity indicator for the hives with
lattice bottom was observed in the polystyrene
hive (74.01 + 8.65%) and the minimum one in
the wooden hive (69.70 + 14.16%) — Table 1. The
comparative analysis between the humidity re-
ported inside the hives and that of the environ-
ment (79.24%) shows differences of 5.2% (poly-
styrene hive) and 9.5% (wooden hive).

For beehives with solid bottom, the highest
average humidity was found in the ceramic hive
(73.06 £ 5.84%), and the lowest one in the wood-
en hive (55.45 + 10.04%) — Table 1. The analysis
of the data regarding the differences between the
reported average ambient humidity (79.24%) and
the average for the period humidity inside the
hives shows that the lowest was the influence of
ambient humidity in the wooden hives — differ-
ence 23.79% compared to 11.04% for the polysty-

rene hive and 6.18% for the ceramic hive. These
results and the data about the reported average
ambient humidity confirm the trend established
in the autumn period — hives made of wood ab-
sorb humidity very well and optimal humidity
for the bees is maintained in the bee nest.

The observed differences in the humidity val-
ues between the hives with lattice and solid bot-
tom have high degree of reliability (P < 0.001)
— Table 1.

The comparative analysis between the ob-
tained results for temperature and humidity in
hives made of different material and with differ-
ent type of bottom shows high degree of reliabil-
ity — Table 3.

Fig. 5 presents graphically the results about
the average temperature in the hives and out-
side them by months. In the case of polystyrene
hives in December higher values were found in
the hive with lattice bottom, and in January and
February close values of the average tempera-
tures were reported, 5.75-5.78 °C for January
and 8.07-8.55 °C for February, respectively. In
December for the wooden hive the average tem-
perature is higher in hives with lattice bottom,
and in January and February — in the hive with
solid bottom. For the ceramic hives in December
and January the reported temperatures with lat-
tice and solid bottom vary within narrow limits,
10.24-10.99 °C and 6.35-6.52 °C, respectively.

Table 3. Reliability of differences in temperature and humidity values in hives of different material —

winter period

Taﬁnnua 3. I[OCTOBepHOCT Ha pa3JIMKHUTC B CTOMHOCTHUTE 3a TeMIICpaTypa U BJIAXKHOCT MPU KOIIECPU OT

Pas3jInydCH MaTe€puall — 3SMUMCH IIEPUO

Type of hive / Temperature, °C / Humidity, % /
Bug kowep Temnepatypa, °C BnaxHocT, %
Beehives with lattice bottoms / Kowwepu ¢ mpexectv abHa

polystyrene/wooden hive / nonucTuponeH/obpBeH Kollep P=0.000" P=0.000"
polystyrene/ceramic hive / nonucTMponeH/kepammyeH Kowep P=0.000" P =0.000"
wooden/ceramic hive / gbpBeH/kepamuyeH koLep P=0.000" P=0137
Beehives with solid bottoms / Kowwepw ¢ nnbsTHM abHa

polystyrene/wooden hive / nonucTuponex/abpeeH Koluep P=0.000" P =0.000"
polystyrene/ceramic hive / nonucTuponex/kepamuyeH kollep P=0.000" P=0.000"
wooden/ceramic hive / AbpBEHEPaMUYEH KoLLIEP P=0.000" P =0.000"
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Fig. 5. Temperature monitoring average by months - winter period

Legend: Ph-Ib: Polystyrene hive — lattice bottom; Ph-sb: Polystyrene hive — solid bottom,; Wh-Ib: Wooden hive —
lattice bottom; Wh-sb: Wooden hive — solid bottom,; Ch-Ib: Ceramic hive — lattice bottom,; Ch-sb: Ceramic hive —

@ur. S. MOHUTOPUHT Ha TEMIIEPATypaTa CPEIHO 110 MECELU-3UMEH IIEPUOJL

Jlecenoa: Ph-1b: [lonucmuponen koutep — mpescecmo 0vHo, Ph-sb: [lonucmuponen kouep — navmuo ovro, Wh-Ib:
Jlopsen kowep — mpeacecmo 0vio; Wh-sb: [lvpseen kowep — niomno ovno; Ch-lb:Kepamuyen kowep — mpeacecmo

0vHo; Ch-sb: Kepamuuen koutep — nivmuo 0vHO

In February the average temperature value is
higher in the hive with lattice bottom.

The data from Fig. 5 show that in the months
of January and February, with average ambient
temperature of 3.75 °C and 5.45 °C, the high-
est temperature values were found in the wood-
en hives (compared to polystyrene and ceramic
hives), regardless of the type of bottom. The re-
ported temperatures in the wooden hives in Jan-
uary were 1.8-2.5 times higher, and in February
—2.3-3.1 times higher compared to the ambient
temperature.

Fig. 6 shows the results of humidity monitor-
ing in December, January and February. It can
be seen from the graph that in the case of bee-
hives with solid bottom the minimum humidity

values in bee nests were found in the wooden
hives (from 48.96% to 61.41%) and the maxi-
mum ones in the ceramic hives (from 71.43% to
75.43%). The indicated maximum values during
the three months of the studied winter period are
lower than the measured ambient humidity and
are within the limits of the optimal humidity for
the bee colonies — 50-90% (Nenchev and Zhe-
lyazkova, 2010).

In the case of hives with lattice bottom, the
minimum humidity value in the bee nests in De-
cember and January was established in the ce-
ramic and polystyrene hive, and in February — in
the wooden hive. The highest average humidity in
January and February was reported in the poly-
styrene hive, 75.2% and 73.44%, respectively.
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Fig. 6. Humidity monitoring average by months — winter period

Legend: Ph-Ib: Polystyrene hive — lattice bottom; Ph-sb: Polystyrene hive — solid bottom; Wh-Ib: Wooden hive —
lattice bottom; Wh-sb: Wooden hive — solid bottom; Ch-Ib:Ceramic hive — lattice bottom; Ch-sb: Ceramic hive —

solid bottom

®@ur. 6. MOHUTOPUHT Ha BIAXKHOCTTA CPEITHO MO MECEIIU-3UMEH TIEPHO

Jlezenoa: Ph-1b: Ilonucmuponen kowep — mpedicecmo 0vho; Ph-sb: Tlonucmuponen kowep — navmno 0vno; Wh-1b:
Ilvpsen kouwep — mpesicecmo 0vro, Wh-sb: /[epeen kouep — navmuo ovro, Ch-1b:Kepamuuen koutep — mpesicecmo

ovro; Ch-sb: Kepamuuen xowep — navmuo OvbHo

The results obtained in the present study are
the beginning of a more extensive study, the ob-
jective of which is to assess the suitability of ma-
terials other than wood for rearing bee colonies,
respectively their impact on the physiology and
behaviour of bee specimens and the colony as a
whole during the different periods of their life
and to give recommendations for the beekeeping
science and practice for the expediency of moni-
toring the temperature and humidity in bee nests
with regard to the development of the colonies.
Important for the practice will be the results re-
garding the winter hardiness of bee colonies, set-
tled in hives of different material and wintered
on a dense and lattice bottom.

Conclusions

It was established that during the studied au-
tumn-winter period the temperature in the hives
(average for the period and by months) is higher
and the humidity lower in comparison with the
ambient temperature and humidity values, re-
gardless of the hive material and the type of bot-
tom (lattice or solid).

During the autumn season, the average tem-
perature in hives with lattice bottom varies with-
in narrow limits — from 25.27 + 6.88 °C (wooden
beehive) to 26.77 = 10.95 °C (ceramic beehive).
For beehives with solid bottom, a wider range
was established for the average temperature
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(from 19.01 £ 8.47 °C — polystyrene hive to 29.15
+ 6.51 °C — ceramic hive). It was found that the
difference between the maximum and minimum
value of the humidity indicator for beehives with
solid bottom (from 44.69 + 5.00% — wooden hive
to 55.14 + 6.96% — polystyrene hive) being twice
as large as the one in the hive with lattice bot-
tom (from 45.91 + 9.62% — polystyrene hive to
50.74 + 8.92% — ceramic hive). The observed dif-
ferences in the temperature and humidity values
between hives with lattice and solid bottom are
of high reliability (P < 0.001).

It was found that during the winter period
(December, January, February) in the wooden
hives the average temperature is highest (10.15
+ 5. 61 °C and 11.89 £ 5.16 °C) and average val-
ue of the humidity indicator is lowest (69.70 +
14.16% and 55.45 + 10.04%), regardless of the
type of bottom. The lowest average temperature
was established in the polystyrene hives (7.44
+ 5.12 °C and 7.61 + 4.23 °C), regardless of the
type of bottom. High humidity (70-75%) was
found in the polystyrene hive with lattice bottom
and in the ceramic hive with solid bottom. The
observed differences in temperature values be-
tween hives with lattice and solid bottom are of
high reliability (P < 0.001) only for wooden hives
made and statistically unproven for polystyrene
and ceramic hives. Differences in humidity val-
ues between the hives with lattice and solid bot-
tom are of high reliability (P <0.001).

The comparative analysis between the ob-
tained results for temperature and humidity in
hives made of different material and with differ-
ent type of bottom in the autumn period shows
from medium (P < 0.01) to high (P <0.001) de-
gree of reliability, and in the winter period — high
degree of reliability (P < 0.001).
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