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Abstract. The analysis of the effect of high ambient temperatures on entomophilous plants
and honey bees is carried out.The research of the species composition of entomophilous plants,
the timing of their flowering, of the temperature peaks during the summer was conducted in
accordance with the conditions of the Fergana region, Uzbekistan. The ethological behavior of
bees at high temperatures was carried out at Holosiivska educational and research apiary of
NULES of Ukraine. Trere were used generally accepted methods at experiments. According to the
research results, the maximum ambient temperatures for Fergana, Uzbekistan were determined.
It is established that according to conditions of the Fergana region of Uzbekistan, honey plants
and bees are most exposed to high temperatures during the second half of summer. It was
analyzed the species variety of entomophilous plants of the Fergana Valley. The most common
species of plants by areas of their dissemination have been identified.Plants are grouped in each
zone, subject to influence of high temperatures during their flowering period.The effects of heat
on the flight activity of worker bees and their behavior are determined. During the day, under the
influence of high temperatures, the bees of the families did not show the same activity to flying.
They actively fly off in the morning. As the temperature increased, the number of departures was
decreased. This often happened from 11 a.m. to 6 p.m. During this period, the aggressiveness
of bees in the colonies increased. They more often visited drinking bowls and brought water.
In addition, bees actively ventilated the nests. Some of them opened the nest and hung on the walls
of the hive.Under prolonged exposure of high temperatures, worker bees hung in bunches on the
walls of the hive even at night. This behavior of bees lasted until the temperature dropped to 28 °C
and below.Given to the negative impact of global warming on flora and fauna, it is increase the
importance of honey bees as part of the biocenosis of wildlife, the likelihood of extinction of many
species of plants and animals. It is concluded that it is necessary to improve the ecology, to deep
research related to the effects of high temperatures on honey bees and entomophytic plants.
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Introduction.

About 87 % of all plant species can
disappear from the Earth without pol-
lination by insects. Man has already
destroyed many species of pollinating
insects or moved them to the Red Book.
The main work in pollination is now
done by bees. It has become quite ob-
vious that extinction of bees is a very
serious problem for humanity.

The patterns of life of bees were
formed starting from the Kanozoisky
stage (the first half of the Paleogene pe-
riod). Alongside with the development
of the world’s flora, the way of bees’ life
was born and improved, which gradu-
ally switched from individual (single)
existence to group — social.

For over 40—100 million years, hon-
ey bees adapted to various climatic and
honey-gathering conditions, developed a
number of conditioned and unconditioned
reflexes aimed at the survival in society
(Brovarskyet al., 2016). Unfortunately,
due to active exploitation of natural re-
sources, people significantly affect the
environment. Irrational use of land, intro-
duction of intensive technologies for the
production and processing of products,
the use of genetically modified organ-
isms, biologically active and hormonal
drugs, chemicals and other factors have
significantly worsened living conditions
of honey bees. Over the past few decades,
around the world, in addition to a abrupt
decrease of the number of bee colonies,
there has been a decrease in their produc-
tivity and resistance to diseases.

Analysis of recent researches
and publications.

Due to many factors appearing mainly
because of man’s activity, global changes
are taking place on our planet. They nega-

tively effect on biogeocenoses and ecosys-
tems. An example of such negative effect
is death of honey bees and the deteriora-
tion of their living conditions.

Bees have died before from diseases
and pests, violations and non-compliance
to the technology of their maintenance,
lack or poor quality of feed, weather di-
sasters and etc. Now, ecology is a burn-
ing problem, and first of all poisoning
bees with pesticides, reducing of the area
and species composition of honey plants,
global warming, electromagnetic fields,
fires etc. Perhaps these negative factors
are the reasons of the “bee death syn-
drome”. In many countries, the number
of bee colonies has decreased signifi-
cantly. What causes the bees to die out
has not been fully found out and there-
fore, there are many different assump-
tions(Brovarsky and Papchenko, 2014;
Gainov, 2011; Pashayan and Makvet-
syan, 2019).Probably global warming
may also be one of the decisive factors
of the negative impact on bees and their
death (World of beekeeping, 2014; Hus-
sein, 2012). Therefore, our chosen field
of research is important both fromtheo-
retical and practical points of view.

The aim of the research is to ana-
lyze the effect of high temperatures on
the conditions of bee colonies and hon-
ey plants.

Materials and methods.

Research and analysis of the obtained
material was carried out in the Fergha-
na region of Uzbekistan (Ferghana State
University), some experiments were
done at the Goloseevskaya training ex-
perimental apiary of the National Uni-
versity of Life and Environmental Sci-
ences of Ukraine in 2019. In this work,
we used our own observations regard-
ing the effect of ambient temperature
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on entomophilous plants and bees. The
dynamics of the ambient temperature in
the zones of keeping bee colonies was
analyzed based on Uzhydromet data,
the flowering of plants were determined
using the generally accepted method
(World of beekeeping, 2014; Brovarsky,
2017). The study of the species compo-
sition of entomophytic plants, the timing
of their flowering, peak temperatures
during the summer was conducted in ac-
cordance with the conditions of the Fer-
gana region, Uzbekistan.The influence of
various environmental temperatures on
colonies was carried out by observing the
flight activity and behavior of bees, both
on the nest cells and in the space near the
hive entrance. Ethological behavior of
bees at high temperatures was carried out
at Holosiivska educational and research
apiary of NULES of Ukraine. General
methods were used in the experiments
(Taranov, 1961; Perry et al., 2015).

Results of research and discussion.

Probably, global warming and food
resources can also significantly affect
the vital activity of bees and cause their
death. Many symptoms ofnegative ef-
fects of global warming are already
reflected in changes in nature. For ex-
ample, for many years in the winter,
there was less rainfall, and the tempera-
ture was much closer to zero. Under
such conditions, the soil freezes just
slightly. Therefore, in early spring, the
beginning of vegetation of plants with
different depths of the root system be-
gins almost simultaneously. Some types
of plants can bloom even several times
during the warm season, for example,
Malus domestica, Aesculus hippocasta-
num, Robinia pseudoacacia.

In all regions of Ukraine, beekeepers
complain that even at the end of flower-

ing of fruit trees, Robinia pseudoacacia
blooms and a little later blooms different
types of 7ilia. Changing in the flower-
ing of main honey plants in earlier peri-
ods leads to the fact that in the first half
of summer, bees do not have sources
for replenishing of carbohydrate feed.
Without sufficient feed reserves, bees
reduce or even stop the construction
of honeycombs, reduce brood rearing,
and their preferential activity decreas-
es. Having suspended all work, they
drive out drones, and then gradually
die from hunger. In order to somehow
provide the bees with feed or to have an
additional amount of marketable honey,
beekeepers have to look for sources of
honey collection and bring bees to these
colony of plants. Doing this is really
difficult. After the abolition of planned
agriculture, today nearly only Brassica
napus and Helianthus annuus from hon-
ey plants are grown on arable land. The
first honey plant blooms in spring, and
the second — in the second half of sum-
mer. To find at least areas (20-30 ha)
under crops of previously widespread
crops such as Trifolium pratense, Fa-
gopyrum esculentum, Onobrychis vici-
ifolia, Coriandrum sativum, Phacelia
tanacetifoliais problematic.

The next, and probably the least
studied problem is the effect of high
temperatures on plants and bees. Today
in the scientific literature you can find a
lot of the materials related to the effect
of low temperatures on the conditions of
bees during the wintering period and on
plant resistance. But the issues of effect
of high temperatures to bees and plants
are covered very poorly.

The development of entomophilous
plants, the vital activity of honey bees
and the relationship between them is pos-
sible only in a certain (comfortable) tem-
perature range. Most species of mellifer-
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ous plants bloom and accordingly secrete
nectar in the temperature range from 18
to 28 °C. However, there are few species
of plants that bloom at significantly low-
er temperatures (Galanthus nivalis, Vi-
ola reichenbachiana, Pulsatilla patens,
Tussilago farfara, Crocus vernus) and
are more heat-loving or, more correctly,
heat-resistant (Berberis vulgaris, Con-
volvulus arvensis, Asclepias, Centaure-
ascumususus Salvia officinalis, Veronica
officinalis, Echinacea purpurea, Lupinus
albus, Gossypium hirsutum, Alhagi pseu-
doalhagi and others).

The resistance of plants and bees to
the action of high temperatures (like oth-
er living organisms) is based on a spe-
cial property of the structure of protein
molecules - a combination of strength
and flexibility, which allows them to
maintain structure and functional activ-
ity in extreme conditions. But we will
not involve into the physiology of these
processes, but simply analyze the effect
of high temperature on bees and plants.

As an example, we give the data of
Uzhydromet, which indicate that in some
regions of Uzbekistan in the second half
of the summer of 2019, the air tempera-
ture on some days exceeded +47 °C, and
in the Ferghana Valley the thermome-
ter even reached +56 °C. In the city of
Ferghana itself, the highest temperature
was in July and the first decade of Au-
gust (table 1). In recent years, summer in
Ukraine also have very hot days, when
the temperature reaches +40 degrees or
more. Typically, this temperature is not
set for a short period of time (1-2 hours),
but acts over a long period, which is
more dangerous for living organisms.

I would like to remind that changes
in the molecules of some proteins are al-
ready at + 40°C, although denaturation
for most proteins begins at a tempera-
ture of + 50 °C.

In hot weather, plants lose a lot of
water, they have metabolic and photo-
synthetic disorders. Due to high tem-
peratures, plants reduce or stop re-
leasing of nectar. If the plant produces
nectar, then it quickly loses moisture
and becomes too thick. It is increases
the concentration of sucrose.

Usually, bees collect nectar, where
the sugar concentration is 50-55 %. The
concentration of sugars is less than 17 %
or, conversely, an increase in their num-
ber more than 60% leads to a reduction
in the flight activity of bees or even to
a stop in the collection of nectar. High
temperature, low air humidity, lack of
pollination significantly affect the forma-
tion of plant ovaries, seed germination,
species conservation in ecosystems etc.

Many plants in the Ferghana Valley
of Uzbekistan bloom precisely at a time
when the ambient temperature (table 1)
can negatively affect to the processes
of nectar production and, as a result, to
their pollination (table 2).

Unfortunately, in the literature on
beekeeping, scientists do not pay atten-
tion to the effect of low and high tem-
peratures on the production of nectar.
It is obvious that hot weather affects no
less adversely on bees. In the summer,
honey bees maintain maximum tem-
perature in their nests only in the brood
concentration zone (central or brood
part of the nest). On these cells, the
temperature ranges from 33 °C to 35 °C.
Even a slight decrease or increase in
temperature in this part of the nest can
lead to disruption of the development
processes of the brood or to its death.

Unfortunately, in the literature on
beekeeping, scientists do not pay atten-
tion to the effect of low and high tem-
peratures on the production of nectar.
It is obvious that hot weather affects no
less adversely on bees. In the summer,
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1. The maximum air temperature in Ferghana during the summer period
of 2019, °C (data from Uzhydromet, Fergana city)

Month
Day
June July August
1 2 3 4
1 31 39 38
2 28 29 37
3 29 33 38
4 30 35 37
5 30 36 39
6 26 37 39
7 31 37 40
8 28 32 37
9 33 35 33
10 19 38 35
11 26 38 36
12 28 39 37
13 31 40 33
14 34 40 32
15 32 40 30
16 34 40 30
17 34 40 30
18 34 39 30
19 33 41 32
20 33 39 33
21 35 40 33
22 34 39 35
23 33 39 34
24 35 38 32
25 35 37 34
26 36 36 35
27 34 35 35
28 34 37 35
29 35 39 36
30 33 36 32
31 - 38 30

honey bees maintain maximum tem- of the nest). On these cells, the tempera-
perature in their nests only in the brood  ture ranges from 33 °C to 35 °C. Even
concentration zone (central or brood part  a slight decrease or increase in tempera-
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2. Some honey plants of different zones of the Ferghana Valley and their

flowering periods

Name of the plant

Flowering period

start

end

Foothill area

Ranunculus repens

1 decade of May

2 decadeof June

Eremurus robustus

1 decade of May

2 decadeof June

Acanthophyllum elatius from3decade of May 3decadeof June
Brassicacampesiris from3decade of May before3decadeof June
Medicaqo lupulina from beggining of May beginning of July
Sisymbrium isfarense end of 1 decade of May 2 decadeof June
Capparis spinosa from beggining of May end of August
Onosma baldshuanica 1 decade of May 1 decadeof June
Trifolium lappaceum from beggining of May 1 decadeof July
Trifolium fragiferum from beggining of May 1 decadeof July
Psoralea drupacea from beggining of May 1 decadeof July
Polygala hibrida end of May June
Althaea officinalis end of May middle of July
Althaea cannabina end of May 1 decade of August
Eryngium macrocalyx beggining of July end of August
Cousinia resinosa beginning of June end of August
Scabiosa songorica Schrenk. beginning of June end of June
Centaurea squarrosa beginning of June middle ofAugust
Alhagi pseudoalhagi beginning of June middle ofAugust
Desert area
Acanthophyllumpungens beginning of June end of 2 decade of August

Psylliostachys leptostachyus

beginning of 3 decade of May

end of 2 decade of June

Convonlvulus hamadae beginning of 1 decade of May end of June
Halimodendron halodendron 1 decade of May end of July
Kareliniacaspia beginning ofJune end of July
Alhagipersarum beginning ofJune end of July
Mountain area

Eremurus robustus 2 decade ofMay end of June
Medicago tianschanica beginning ofJune 1 decade ofAugust
Melilotus officinalis from3decade of May end ofJuly
Melilotus albus end of May 1 decade ofJuly
Trifolium repens end of May 2decade ofAugust
Hedysarumflavescens end of May ldecade ofJuly
Lathyrus pratensis 2 decade ofJune 3 decade ofJuly
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Ampelopsis argyrophylla 3 decade ofJune 2decade ofJuly
Epilobium hirsutum 2 decade ofJune Idecade ofJuly
Nepeta mariae beginning ofJune end ofJune
Nepetaalatavica middle ofJune end ofluly
Betonica officinalis beginning ofJune middle of July
Salvia virgata beginning ofJune 1 decade ofAugust
Melissa officinalis beginning ofJune middle ofAugust
Origanum tuttanthum beginning ofJune 1 decade ofAugust
Echinops maracandicus 2 decade ofJuly end of August

ture in this part of the nest can lead to
disruption of the development processes
of the brood or to its death.

At edge or called forage honeucomb,
the temperature is lower and usually are
from 28 °C or less. On hot days, it will
be higher and can even reach critical
levels, that is almost correspond to the
ambient temperature. Bees in this area
are less sensitive to the temperature reg-
ulation. Typically, the melting point of
wax is 62—65 °C. As the temperature in
the nest rises, the viscosity of the wax
decreases, it becomes viscous, and if
there is feed or brood in the cells, the
cells become substantially deformed.
Due to the increase of air temperature,
honey viscosity in honeycombs de-
creases. It becomes less viscous.

If the heat affects bee colonies for a
long period of time, not only brood and
bees can die in their nests, honeycombs
can be deformed, but also biochemical
and physical changes can occur in the
products produced by them (bee bread,
honey, royal jelly and others).

Bee families respond differently to
the rising of environmental temperatures.
The maximum temperature that bees can
withstand for a short time is 47-48 °C. Tt
is in this temperature range that bees are
treated from ticks using heat-chambers
(Zharov, 2011). But in wild, bees have
the ability to counteract to the heat. In

the heat, bees can vent the nest, bring and
evaporate water in the hive. In addition,
in order to avoid overheating of honey-
combs, some bees can leave the nest.
Those that stay at the honeycombs, as a
rule, reduce activity, thereby contributing
to a decrease in heat production.

We found that given the conditions
of the Fergana region of Uzbekistan,
honey plants and bees are most exposed
to high temperatures during the second
half of summer. The species diversity
of entomophilous plants of the Fergana
Valley is analyzed. The most common
plant species by areas of distribution are
identified (table 2). Plants are grouped
in each zone, subject to high tempera-
tures during their flowering period.

If there is a large amount of nectar in
the nests of families to the period of the
starting of heat, then it will be easier for
bees to resist rising of air temperatures
for several days. Due to the evapora-
tion of water and increased ventilation,
they can reduce the temperature inside
of the nest. In the non-breeding period,
the bees activate the supply of water to
lower the temperature.

Bees respond to an increase of am-
bient temperature as follows. Due to the
fact that plants do not emit nectar, the
bees reduce, and then completely stop
flying. This usually becomes noticeable
when the thermometer rises above 35 °C.
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The number of flying bees from the
total number in the family is approxi-
mately 70%. At the heat, the number of
individuals in the nest increases by this
amount. Heat and lack of honey collec-
tion increase the aggressiveness of bees.

To stabilize the temperature in the
nest, the bees first activate ventilation, and
then additionally evaporate the brought
water (Fig. 1). But bees can also ventilate
the nest during the period of honey col-
lection, when excess moisture is removed
from the nest, processing nectar into hon-
ey. In the heat, if such efforts of the bees
do not give the necessary result, most of
them leave the cells. They go outside the
hive, where they concentrate in the notch
zone, more often on the arrival board or
under the bottom of the hive (Fig. 2).

We have identified the effects of heat
on the flight activity of worker bees and
their behavior. During the day, under the
influence of high temperatures, the bees
of the families did not show the same
activity before departure. In the morn-
ing they actively took off. As the tem-
perature increased, the number of de-
partures decreased. At 30 °C and above
the bees stopped flying. This often hap-
pened from 11 a.m. to 6 p.m. During
this period, the aggressiveness of bees
in the colonies increased. They more of-
ten visited drinking bowls and brought

water. In addition, bees actively venti-
lated the nests. Some of them left the
nest and hung on the walls of the hive.
Under prolonged exposure to high tem-
peratures, worker bees hung in clusters
on the walls of the hive at night. This
behavior of bees lasted until the tem-
perature dropped to 28 °C and below.

Bees what are remaining in the hive, are
caring for the brood and are ventilating the
nest. This behavior of the bees justifies it-
self. When part of the bees leaves the hive,
the space in the gaps of the honeycombs
(streets) start to be free, which contributes
to better ventilation of the nest.

If the hives have poor ventilation,
are located in an open area, and not in
the shade, the bee family is not always
able to withstand high temperatures.
Because of these conditions, bees most
often die. In contrast, the insignificant
effect of heat on bees often provokes
swarming (Markov, 2007).

The nature is very sensitive to the ef-
fects of any negative factors. Plants and
honey bees have adapted to certain con-
ditions, they have developed protective
functions to the action of negative fac-
tors over tens of millions of years. Un-
fortunately, a man’s activity negatively
affects the environment, flora and fau-
na. Under such conditions, honey bees
will continue to be under the influence

Fig. 1. Bees actively ventilate the nest
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Lh)

of these factors, the area of their distri-
bution, number and the productivity of
families will decrease.

Conclusion.

Ecological deterioration, global warm-
ing, reduction of land area which are oc-
cupied by entomophilous plants and other
factors is a huge threat of extinction of
honey bees. Given the importance of bees
as a component of the biocenosis of wild-
life, the threat of extinction of many species
of plants and animals, including humanity,
is increasing. By improving the ecology,
deepening research related to the impact of
negative factors on bees and plants, it can
become possible to prevent existing threats.
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Fig. 2. Bees left the hive to avoid overheating the nest
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AHomayis. 30ilicHeHo aHani3 8rnausy 8UCOKUX Memiepamyp Ha8KOAUWHb020 cepedosuuia

HO eHMOoMO@inbHi POCAUHU | MeOOHOCHUX 60xcin. [ocnidneHHA 8ud08020 CKAAO0Yy eHMOoMOo-
inbHUX POCAUH, CMPOKIB ix YsimiHHs, nikie memmnepamyp 8npodos nima 30ilicHeHo 8 ymosax
®epaaHcbKoi 0bnacmi Y3bekucmary. EmosoziyHy nogediHKy 60x(in 30 8UCOKUX memnepamyp
sus4eHo Ha lonociiecbKili Hag4yanbHo-00cniOHil naciyi HYbIll YkpaiHu. Y docnidax 3acmocosaHo

3020/1bHOMPUUHAMI MemoOuKu 00cnioxeHHA 60xcin. 3a peaynbmamamu 00Cni0HeHb 8U3HaAYe-
HO MAKCUMGA/bHI memMnepamypu HABKOAUWHbL020 cepedosullyd 8 OKoAuyax M. PepeaHa. Bcma-
HO871eHO, W0 3 Ypaxy8aHHAM ymos ®epeaHcbKili obnacmi Y3bekucmaty, Halibinbw epasausi
Yyepes 8r1/1U8 BUCOKUX memnepamyp MeOOHOCHI poCauHU i 60x#conu 8 nepiod Opyaoi noan08uUHU
nima. MpoaHanizo8aHo sudose pi3HOMAHIMMA eHMoMoQineHUX pocauH depaaHCbKOi A0AUHU.
BcmaHosneHo Halibinbw nowupeHi 8UOU POCAUH 30 30HAMU iX PO3M0BCHOOIHEHHA. 32PpYn08AHO
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Bucoki memnepamypu ma ix 8rnsaue Ha PocauHU i 60xcin

POCAUHU M0 KOXCHIU 30Hi, Wo nidaA2aome 8rausy 8UCOKUX memrepamyp Ha nepiod ix ysimiHHs.
Bu3Ha4yeHo HacnioKu 8nausy cneku Ha 160mHy isiabHicme pobovux 60xin i ix nosediHKky. Bnpo-
006X OHs, 3a Oii sUCOKUX memnepamyp, 60xconu cimeli nNpoaesnanu He 0OHAKO8Y AKMUBHICMb
00 8usbOoMie. BpaHyi 80HU GKMUBHO 8uaiManu. I3 3p0OCMAaHHAM memnepamypu KinbKicme eu-
nvbomie 3meHwysanace. 3a 30 °C i suwye 60x#0au NnpunuHAnu aimamu. Yacmo ye 8i0bysanocs 3
11 200uHu paHKy 0o 18 seyopa. B yeli nepiod aepecusHicmo 60x3in y KOAOHIAX 3pocmasna. BoHu
yacmiwe 8i08idysanu noinku i npuHocunu 8ody. Kpim moeo, 603 0au aKMueHO 8eHMU8aNU
2Hi30a. YacmuHa ix nokudana eHi300 i 38ucana Ha cCMiHKax 8yauka. 3a mpueasnoi dii 8UCOKUX
memnepamyp poboyi 600U 8uCIAU y 8U2AAQI 2POH HA CMIHKAX 8YAUKA U y HiYHIi 200UHU. TaKa
nosediHka 60xcin mpusasna 00 MoOMeHMy 3HUMEHHA memnepamypu 00 pieHA 28 °C i Huxcye.
3 02170y Ha HezamusHul enaue 2a1060716H020 MoMenaAiHHA Ha ¢aopy i ¢ayHy, eaxcaugicmes
MeOdOHOCHUX 60X3in AK CKNadosoi bioyeHo3y #ueoi Npupodu, 3pocmae UmosipHicmb 3HUKHEHHSA
Ha 3emsi 6a2ambox 8udie pocauH i meapuH. 3pobaeHo 8UCHOBOK PO HEOOXiIOHICMb noAainweH-
HA eKonoeii, noenubneHHA 00CNiOHEeHb NOB'A3AHUX 3 MUMAHHAMU 8UBY BUCOKUX memMrnepa-
myp Ha MeOOHOCHUX 60(in i eHMOMOinbHI POCAUHU.

Kntouosi cnosa: memnepamypa rnosimpa HABKOAUWHbL020 cepedosuuid, MeGOHOCHI POCAUHU,
MedOoHOCHI 60xonU.
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