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The study was executed at Murree Hills, Pakistan to
evaluate the effect of honey bee ( ) foraging activities on
number of apple fruits per panicle and enhancement of apple weight. Apple
Ameri trees were applied with natural pollination (T ) , pollination by honey

bees only (T ), natural pollination augmented with honey bees (T ) and no

pollination (T ,control). There was a significant increase in the apple fruit

setting and weight gain in pollinated plants compared to non-pollinated
plants. Maximum number of fruits per panicle were 5.33±0.51(Mean±SE)
whereas the highest fruit weight 170±2.65g (Mean±SE) was recorded in
plants provided with augmentation of honey bees along with natural
pollination. The lowest fruit weight of 80±3.05g (Mean±SE) and the
minimum 0.33±0.19 (Mean±SE) fruits per panicle were observed in the
plants with no pollination. There was 1515%, 406% and 909% percent
increase in number of fruits per panicle in trees provided with different
types of pollination viz., natural pollination plus honey bees augmentation
(T ), plants pollinated with honey bees only (T ) and natural pollination

treated plants (T ), respectively over the trees with no pollination.

Similarly, the percent increase in apple weight gain over the control was
recorded as 31%, 113% and 56% in trees provided with A. mellifera
pollinated plants only (T ), plants naturally pollinated + augmentation of A.

mellifera (T ) and plants having natural pollination (T ), respectively.
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INTRODUCTION

Apple ( Borkh)
had origin in the temperate countries
of the Western Asia, between Black
Sea and Caspian Sea. Now, it is widely
cultivated throughout the world. In
Pakistan, different apple varieties
having variation in colour, size, shape
and taste are cultivated in areas of

Malus domestica

1300 meter altitude, which are bor-
dering China, Afghanistan and Iran.
In 1998-99, area under apple cultiva-
tion in Pakistan was 45.875 thousand
hectares with 589.281 thousand
tonnes production. Apple is delicious
and nutritious with vitamin C, B and
A besides essential minerals and 11%
sugar and pectin is manufactured
from its peel. (Anonymous, 2001).
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One of the most important and
primary requirement in production
and setting of fruits is the pollination,
particularly for 90% of the angios-
perms (Ollerton et al. 2011). Insects
mainly bees facilitate this essential
ecological service (Michener 2007).
Poor pollination efficiency of bees due
to their less number leads to low yield
and poor fruit quality (Garratt et al.
2014).

contributes signi-
ficantly in enhancement of yield and
quality of insect pollinated crops that
are cultivated commercially and also
in supporting self pollinated crops
throughout the world (Hoehn et al.,
2008). Pollination by honey bees has
turned out to be the basic input for
guaranteed pollination and contri-
buting in higher yield and high fruit
quality. This can only be accomp-
lished by managing optimal number
of pollinators (Kumar and Kumar,
2014).

Khan and Khan (2004) observed
honey bees foraging in five apple
cultivars at their blooming phase. The
superior fruit quality (seeds number
and fruit size) in these varieties were
obtained when pollinizers benefitted.
In un-caged Starkrimson and Kala
Kulloo, the yield was 140-170 Kg
contrary to 35-42 Kg in caged trees.
The foraging bumble bees and honey
bees visited umbels preferably that
have open male flowers in abun-
dance, however, honey bees only were
the best pollinators for almost all
apple cultivars.

Munawar et al. (2009) carried out
studies with hypothesis that polli-
nation due to in black
seed had enhanced
yield and seed number. They con-
cluded that honey bees visits in black
seed enhanced number of seeds set

Apis mellifera

A. mellifera
Nigella sativa

and the yield. Promoting pollination
by honey bees would enhance seed
yield in black seed and also other
plants.

This study was undertaken to
comprehend effect of foraging activi-
ties of on apple trees for
increase in apple weight and apple
fruits panicle.

The studies were carried out in
apple orchards of Aliot and Osia areas
of Murree Hills, Pakistan. This type of
area has cold, snowy winters, rela-
tively cool summer. Precipitation is
received year round with two maxi-
mum, first one during winter and
second one at summer, July–August.
Total mean precipitation annually is
1,789 mm (70.4 inch) and located at
33.83°N 73.35°E. For the aptness of
honey bees foraging activities, apple
tree were treated with natural polli-
nation (T ), pollination by honey bees

only (T ), doing natural pollination

with augmentation of honey bees (T )

and no pollination (T , control) in

plants.
For each treatment, three full-

grown apple plants with similar cano-
py were randomly selected. The pla-
nts pollinated only by (T )

were restricted with 2mm nylon mesh
of size 4m×4m×4m (due to this size of
mesh no other pollinator enter). In
each cage, three-framed nucleus hive
having was placed. It was
ensured that no other insect could
enter in these cages.

For treatment 'natural pollination
with augmentation of (T )

all other pollinators were also allowed
free visits to the randomly selected
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plants. The eight-framed
colony was used for augmentation.
Following the general recommen-
dation for pollination purpose (Abrol,
2009), one bee colony was placed in
one acre.

For 'Control (T )' treatment, three

apple trees were randomly selected
and on each tree three randomly
selected panicles were bagged in
2mm nylon mesh to disallow entry of
pollinators (Cayuela et al. 2011).

For natural pollination treat-
ment, ten kilometers to
avoid the approach of
bees Three panicles
were randomly tagged in each treat-
ment. The mean fruit weight in grams
was worked out dividing total weight
of fruits by total fruits number. Per
panicle mean number of fruits were
calculated when total fruits number
was divided by 3. Statistical analysis
of the data was done using SPSS 21.0
for Windows. DMRT test was also
applied to the mean values.

The maximum mean number of
fruits per panicle (5.33±0.51) were
recorded on apple trees provided with
natural pollination with augmentation
of honey bees, which is significantly
higher as compared to all other treat-
ments. ( showed the aptness
of foraging activities of on
fruit setting of apples at Murree Hills.

The minimum of 0.33±0.19 fruits
per panicle were observed in the con-
trol treatment. The decending order of
mean number of fruits panicle was
5.33±0.51, 3.33±0.33, 1.67±0.19 and
0.33±0.19 (Mean±SE) in apple plants
given natural pollination combined
with pollination by , trees

A. mellifera

A. mellifera

A. mellifera

A. mellifera

1

were tagged

apple plants.

RESULTS AND DISCUSSION

Figure 1)

-1

with natural pollination, apple plants
pollinated by only and
control plants, respectively. All the
treatments were significantly diffe-
rent from each other. As per the per-
cent increase of 406%, 1515% and
909% in number of fruits per panicle
was recorded in apple trees which had
pollination done only by honey bees,
plants provided with natural polli-
nation additionally augmentation of

and trees with natural
pollination only, respectively over the
plants without pollination (Table 1).
In addition, the percent increase due
to pollination plus natural
pollination and pollination occurring
naturally over the pollination done by
only was 219% and 100%,
respectively. Percent increase in nu-
mber of fruits per panicle of plants
treated with pollination naturally occ-
urring and also by honey bees was
60% over the apple trees only natu-
rally pollinated.

The ascending order of mean fruit
weight in grams was 80±3.05g,
105±3.60g, 125±4.50g and 170±2.65g
(Mean±SE) in non-pollinated plants,
apples with pollination of ,
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Figure 1. Effect of L.
foraging activities on fruit
setting of apples
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naturally occurring pollination and
accompanied with natural

one, respectively (Figure 2). The high-
est mean apple weight 170±2.65g
(Mean±SE) was obtained from trees
supported with natural pollination
with augmentation of honey bees,
which was significantly higher as
compared to all other ways of polli-
nation and the control. Naturally
pollinated trees showed 125±4.50 g
(Mean±SE) apple weight that was
significantly different from trees
pollinated by honey bees only that

A.
mellifera

had apple weight of 105±3.60g
(Mean±SE). The minimum apple wei-
ght 80±3.05g (Mean±SE) was recor-
ded on trees without pollination

The percent increase in apple
weight gain over the control was re-
corded as 31%, 113% and 56% in
plants that had pollination due to A.
mellifera, pollination (natural+ A.
mellifera), and pollination (natural),
respectively. Similarly, 62% and 19%
enhancement in apple weight of trees
given natural pollination with addi-
tion of augmentation of
and pollination (natural), respectively
was worked out when compared with
apple weight of trees pollinated by
honey bees only. When the percent
increase in apple weight of trees hav-
ing pollination (natural) with aug-
mentation of honey bees was com-
pared with those having natural
pollination, 36% increase was found
in former case.

In a study by Sujitratanunth
(1992), fruit percentage of Citrus
maxima was 66.9 % that was 274.5 %
enhance of number of fruits over the
cage without bees. In a study executed
by Chaudhry (2008), the maximum

A. mellifera

Figure 2. Effect of Apis mellifera L.
foraging activities on pro-
duction of apples

Table 1. Percent increase in number of apple fruits panicle-1 us-ing different
treatments of pollination by Apis mellifera

S.No Pollination
treatments

Mean No.
of apples
per panicle
± SE

Percent
increase
over control

Percent increase
over pollination
by honey bees
only

Percent
increase
over natura
pollination

1 Pollination (natural) 3.33±0.33b 909% 100%

2 Pollination by
A. mellifera

1.67±0.19c 406%

3 Pollination (natural)
+ augmentation of
A. mellifera

5.33±0.51a 1515% 219% 60%

4 Plants without
pollination (control)

0.33±0.19d
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fruit set of 6.5 fruits per branch were
recorded in those peach plants which
were provided with colonies of honey
bees at distance of less than 20 meter.
In another research carried out by
Cayuela et al. (2011), plants without
pollination by honey bees (control)
showed significantly less number of
fruits per panicle in different plant
species contrary to those which were
pollinated by honey bees. According to
Volz et al. (1996), the maximum apple
weight of variety 'Braeburn' was 170g
and those trees had treatment of
pollination.

In the present study, significant
increase in mean number of fruits per
panicle and apple weight was recor-
ded on trees provided with natural
pollination with augmen-tation of
honey bee, L. For
higher apple yields, it is suggested
that honey bee colonies may be
placed in apple orchards during
blossom period.

CONCLUSION

Apis mellifera
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