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ABSTRACT
This study was carried out to determine the effects of additive feeding with pollen and
water on honey yield, colony population, winter loses and wintering ability of colonies in
pine honey production season in Muğla province of Turkey. Total twenty honeybee
colonies had similar physiological pattern (queen age, genotype, amount of adult worker
bees (number of frames covered with adult worker bees), sealed brood areas (cm2) and
food stocks) were used and randomly divided into four groups. Three of them were fed
extra with pollen+water, pollen and water. The control colonies were not given additive
foods. Honey yield in pollen+water, pollen, water and control groups were found to be
24.2±1.1, 17.3±0.8, 16.3±1.0 and 12.0±0.6 kg/colony respectively. Group means were
statistically significant. From September 25 to February 15 (wintering), losses of the adult
worker bees in pollen+water, pollen, water and control groups were 50%, 69%, 68% and
82%, decrease of sealed brood areas in the groups were 48%, 66%, 68% and 85%,
respectively. Wintering ability of pollen+water, pollen, water and control groups were
found to be 92.1±3.2, 70.4±17.8, 67.1±16.7 and 51.0±21.2% respectively. The results
showed that additive feeding in pine honey production season, especially feeding with
both pollen+water provided nearly 100% more honey production and 80% better
wintering ability than the control group. In addition, feeding with only pollen or water
had similar positive effect (approximately 40%) better than control group

Introduction
Honey bees need to carbohydrates, proteins, fats,
minerals, vitamins and water for survival characteristics
as growth, development, maintenance and reproduction.
The natural foods of the honey bees; consists of pollen,
nectar, honeydew or honey and water. When these
materials are not available in the field or the hive,
supplementary feeding may help the colony survive, or
make it more populous so it will produce more honey or
be better able to pollinate crops.
Pollen is a honeybee's major source of proteins, fatty
substances, minerals, and vitamins (Gary, 1992). Adult
bees can survive with carbohydrates and water; however
proteins, lipids, minerals, sterols and vitamins are
necessary for growth and development of young bees,
broods and queens. Pollen is not only essential for the
production of brood food, but also for the worker bees to
build up their body tissues with in the first days after the
emergence (Maurizio 1954; Herbert 1992, Imdorf et al.,
1998). Two factors influence the need of pollen: the
quantity of pollen stored in cells on combs and the
amount of brood (Hellmich et al., 1985; Fewell and
Winston, 1992).
Pollen consumption is dependent on the age and the
function of the worker bees. Pollen is consumed by nurse

bees, which secrete brood foods from their
hypopharyngeal glands. Young larvae and queens are fed
by nurse worker bees and they obtain their proteins from
royal jelly. If nurse bees do not get enough pollen or some
other appropriate protein source, their food gland
secretions are not adequate for support of normal growth
and development of the larvae and egg production of the
queens. The amount of fresh pollen required to complete
development of a worker bee from larval to adult stage
has been estimated approximately 120 to 145 mg of
pollen (Alfonsus, 1933; Haydak, 1935).
Proteinaceous jelly is not only produced to nourish the
immature members of the colony, but also to be
transferred towards other adult worker bees, drones and
the queen (Crailsheim, 1991). Therefore, pollen
consumption is dependent on the age and the function of
the worker bee. In normally developing colonies during
summer, nurse-aged bees feed on large amounts of pollen,
while other task groups seemingly do not (Crailsheim et
al., 1992).
Under favorable foraging conditions; the annual
pollen requirement of a honey bee colony varies
considerably depending on colony location, strength and
floral sources, ranging from 15-55 kg (Armbruster, 1921;
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Haydak, 1935; Todd, 1940; Eckert, 1942). Unlike nectar
or honey stores, amount of pollen are fairly small, about
one kg at any given time (Jeffree and Allen, 1957; Fewell
and Winston, 1992).
If fresh pollen cannot be obtained from the field for
about five days or a week; the nurse bees start to eat some
of their unsealed larvae in the colony. Older larvae can
survive even worse pollen supply situations and
shortening of the time until larvae were sealed, but
younger larvae than 3 days old are more susceptible 4-5
days old larvae (Seeley and Visscher, 1985).
Water is a vital element for honey bee colony and
individual bees in the colony. Honey bees without water
will die within a few days. Water serves very important
functions which carrying dissolved food materials to all
part of body, assisting the removal of waste products,
digesting and metabolizing food in honeybee body. Acts
of water collection are crucial three parts of a colony’s
physiology: thermoregulation, humidity of the brood nest
and nutritive materials production for the young larvae
and queen. Lack of water; nutrition, physiology, brood
rearing and behavior of bees are adversely affected.
Colony needs to gather water can come from two opposite
weather conditions: hot days, when a colony faces a threat
of lethally high temperatures inside the hive, and chilly
days when a colony faces reduced nectar intake due to
diminished foraging. If a colony in a very hot
environment such a desert, it has no problem cooling as
long as there is a sufficient supply of water. The water
carries to colony and spread over the brood combs for
evaporative cooling by bees. Approximately 580 calories
of heat are lost for each gram of water evaporated.
Honey bees also use water to maintain the proper
relative humidity in the brood nest to insure egg hatch and
prevent larval desiccation. Doul (1980) found the
optimum relative humidity for normal hatching to be
between 90 and 95%. There was a significant decline in
the number of normal larvae that emerged when eggs
were incubated at 100% and 80% relative humidity. At
50% relative humidity only 29% of the eggs hatched into
normal larvae, and no eggs hatched at humidity’s below
50%.
Turkey has a great beekeeping potential with number
of honey bee colonies, rich flora, several ecotypes adapted
to different climatic and ecological conditions.
Marchalina hellenica Gen. (Homoptera, Coccoidea,
Margarodidae), is a scale insect living on conifer pine
trees (P. halepensis, P. brutia, P. silvestris, P. pinea) and
fir trees (Abies cephalonica). It feeds by sucking sap of
pine and fir trees and discharges through its anus viscous
honey-like substances. Honey bees collect this honeydew
and convert it into pine honey. M. hellenica has been
observed only in countries around the Mediterranean and
Aegean basin, such as Turkey, Greece, Aegean islands,
Algeria and South Italy.
M. hellenica has a great importance for Turkish
beekeeping sector because 15% of annual honey
production comes from pine honeydew honey. Therefore,
Turkey is a leader producer country for pine honeydew
honey and exports 95% of the annual production.

Beekeepers are faced with some serious problems in
honeydew production season in the pine forests. Because,
shortages of some main feeding sources such as pollen
and water are seen in this season. Additionaly, brood
production stops and the populations of honeybee
colonies are decreased tremendously. As a consequence,
the cease of the brood rearing results serious colony loses
in winter and weak colonies in spring. Therefore, it is
very important to supply pollen and water to the colonies
for continuous growth. Before wintering, the colonies
must replace their fall population with young bees. After
pine honey harvesting, the colonies are carried to pollen
including regions for new generation before wintering.
There is no information in the literature about the
effect of additive feeding of the colony with pollen and
water at pine honey production season on honey yield and
some characteristics of colony. Thus, this study was
carried out to determine the effects of additive feeding
with pollen and water on pine honey production and some
colony performance parameters (adult bee population,
sealed brood area, survival rate, wintering ability and
honey yield).
Material and Methods
Experiments of the study were carried out in the
Mugla province, Yerkesik, Kiran village (600 M altitude
from see level) at East Aegean region of Turkey. The
Mugla ecotype of Apis mellifera anatoliaca colonies were
used in the experiment. Experimental colonies were
obtained from local beekeepers then re-queened with
sister queens and were housed in standard Langstroth
hives and equalized with respect to colony strength,
sealed brood area, food stocks and colony weights before
the research began. Total 20 colonies were randomly
arranged into four groups and each group consisted of 5
colonies. During the experiment; the colonies were fed
with only pollen(polen used in this study was prepared in
the form of cake (¾ pollen -¼ honey (w/w)), pollen and
water, only water and control group colonies were fed
with nothing. Colonies in pollen group were fed one kg
pollen, pollen+ water group were fed one kg pollen and
water, and water group were fed with only water as ad
libitum. Measurements of sealed brood areas and number
of frames with adult bees were taken with 21 days. The
size of sealed brood areas were calculated according to
Fresnaye and Lensky (1961) and the wintering abilities
(population reduction) were calculated by the formula
given by Genç (1990). After the honey harvesting, the
colonies were transported to East Mediterranean region
for wintering. In winter season any measurements were
done. After wintering the colonies were checked for all
studied parameters.
Colony performance parameters (number of frames
with adult worker bees and sealed brood areas) were
analyzed by Repeated Measure (GLM), honey yield and
wintering ability were performed randomized plot design
(ANOVA). Group comparisons among the means were
done with Duncan's multiple range test.
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Results and Discussions
The average honey yield of pollen+water, pollen,
water and control groups were found to be 24.2±1.1,
17.3±0.8, 16.3±1.0 and 12.0±0.6 kg/colony respectively.
Differences between the group means were significant
(P<0.01). The wintering abilities of pollen+water, pollen,
water and control groups were found to be 92.2%, 70.4%,
67.1% and 51.0% respectively and differences between
the group means were also statistically not significant
(P>0.05). Survival rates of the groups were found to be
the same with 100%. Honey yields (kg), wintering
abilities (%) and survival rates (%) of groups were given
in Table 1.
The results showed that supplementary feeding of
honeybee colonies in pine honey production season,
especially feeding with both pollen and water provided
nearly 100% more honey yield and 80% better wintering
ability than the control group. In addition, supplementary
feeding with only pollen or only water provided 44% and
36% more honey yield, 38% and 32% better wintering
ability, respectively than the control group.
The average (±S.E) numbers of frames with adult
worker bees taken with 21 days intervals and after
wintering in groups were given in Table 2.
As shown in Table 2., the amount of frames covered
with adult worker bees are decreased approximately 50%,
69%, 68% and 82%, in pollen-water, pollen, water and
control groups were respectively in time. These results
showed that additive feeding in pine honey production
season, especially feeding with both pollen and water
provided nearly 64% less loss adult worker bees

throughout the wintering period than the control group. In
addition, supplementary feeding with only pollen or only
water provided about 36-38% less loss of adult worker
bees than the control group.
The size of sealed brood areas (cm2) were given in
Table 3.
As shown in Table 3., during the periods from
September 25 to November 27, losses of the average size
of sealed brood areas in pollen+water, pollen, water and
control groups were about 48%, 66%, 68% and 85%,
respectively. These results showed that supplementary
feeding in pine honey production season, especially
feeding with both pollen and water provided nearly 77%
less decrease of sealed brood areas throughout the
wintering period than the control group. In addition,
supplementary feeding with only pollen or only water
provided about 40-42% less decreases of sealed brood
areas than the control group.
Normally developing colonies during summer, nurse
aged bees fed on large amounts of pollen (Crailsheim et
al., 1992). Doull (1980) demonstrated the effect of
supplemental feeding in a year-long test of commercial
pollen supplement. Colonies that receives the supplement
produced 38% more honey per colony. Before wintering
the colonies must replace its fall population with young
bees and have a large, active brood nest by the time
natural pollen is available in winter, late winter or early
spring. Farrar (1934) found that spring populations in
colonies wintered with no pollen were reduced by 78
percent; populations of those colonies wintered with 600
cm2 in of pollen were reduced by only 6 percent.

Table 1 Honey yields (kg), wintering abilities (%) and survival rates (%) (mean±S.E).
Groups
N
Honey Yield (kg)
Wintering Ability (%)
Pollen+Water
5
24.2±1.1a*
92.1±30.2
Pollen
5
17.3±0.8b
70.4±17.8
Water
5
16.3±1.0b
67.1±16.7
Control
5
12.0±0.6c
51.0±21.2
General Mean
17.4±1.0
70.1±8.2

Survival Rates (%)
100
100
100
100
100

*

Different letters indicate significant differences among the group means (P<0.01)

Table 2 The amount of adult worker bees in groups from September to February (mean±S.E).
Groups
25 Sep.
15 Oct.
6 Nov.
27 Nov.
Pollen+Water
13.2±0.37
13.2±0.37
12.4±0.40
7.2±0.37
Pollen
13.4±0.24
13.4±0.24
12.4±0.24
5.8±0.37
Water
13.2±0.37
13.2±0.37
11.4±0.24
6.0±0.32
Control
13.4±0.40
11.8±0.49
9.8±0.37
4.4±0.24

15 Feb.
6.6±0.24
4.2±1.07
4.2±1.07
2.4±1.03

*
a
a
a
b

*Different letters in column indicate significant differences among the group means (P<0.01)

Table 3 Sealed brood areas(cm2) in groups from September to November (mean±S.E).
Groups
25 Sep.
15 Oct.
6 Nov.
Pollen+Water
1666±60.22
1162±63.57
996±45.21
Pollen
1816±69.85
839±33.52
715±34.71
Water
1681±108.56
770±37.28
584±31.72
Control
1753±74.86
483±45.04
200±14.40

27 Nov.
859±39.95
619±31.09
544±39.19
260±21.68

*
a
b
b
c

*Different letters in column indicate significant differences among the group means (P<0.01)
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In general, water consumption of a colony is related to
the outside air temperature, relative humidity, strength of
colony, amount of reared brood and amount of thick
nectar and honey for dilution. Water requirement of a
colony are quite extensive when large amounts of brood
are reared and raises both on hot days, when overheating
threatens, and on cool days, when nectar foraging is
hampered. The daily water requirements of honeybee
colony have been estimated as approximately 150 grams
under average condition in spring. Strong colonies can
collect up one kilogram water under hot and dry
conditions per a day.
In conclusion, pine honey production, wintering
ability and survival rates of honeybee colonies can be
increased a significant amount with feeding with pollen
and water at pine honey production seasons.
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