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Brassica napus is an insect-pollinated crop species and offers itself as the main nutrient source to many
insects that consume floral nectar. This study was carried out to ascertain the pollen preferences of
Apis mellifera among the available floral resources. We wanted to identify and quantify all types of pollen
collected by honeybee during the flowering period. Moreover, the foraging rate and pollination efficacy of
managed honey bee colonies (placed at 250 and 500 m distance away) on B. napus crop were determined.
The results revealed that A. mellifera foraged efficiently on 18 plants species belonging to 11 families dur-
ing the flowering period of the Brassica crop. The Asteraceae family was represented by six plants species
as pollen sources followed by Solanaceae, Malvaceae, Fabaceae, and Rosaceae represented by two plant
species from each family. One floral source included Brassicaceae, Convolvulaceae, and Poaceae families.
Among 18 identified plant species, 6 were weeds, 4 herbs, 4 shrubs, and 2 species each were from crops
and ornamental plants. In this study, weeds were reported as the major bee supporting bee flora followed
by shrub and crops. The identified pollen grains had different morphology such as sub-spheroid, prolate
shape, spheroid, ovate, glandular, triangular, round, and oval shape. The maximum foraging activities of
bees on B. napus took place during day hours particularly at 12:00 PM followed by 14:00 PM, and then at
10:00 AM weekly. The study revealed that the total number of pods per plant, total number of seeds per
100 pods, and weight of seeds per 10 plants were significantly higher in bee-pollinated flowering plants
compared to flowering plants with no bee-pollination.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Brassica napus is the second most essential oilseed crop and
considered the main valuable nectar-producing plants in the world
(Enkegaard et al., 2016; Song et al., 2020). It is primarily an oilseed
crop, accounting for approximately13%-16% of vegetable oil glob-
ally (Wang et al., 2018). Further, it is allotetraploid species that
was originated in the Mediterranean region about 7500 years ago
by the natural hybridization of B. oleracea and B. rapa (Nagaharu,
1935; Lu et al., 2019). It provides edible oil that is important for
human nutrition and high-quality animal feed, and it became a
good choice for biodiesel production (Morse and Calderone,
2000; Marles and Gruber, 2004). Mostly commercial cultivar have
brown to black and yellow seed color (Morse and Calderone, 2000).
It is cultivated many areas in the world and contributes the domes-
tic oil production among various oilseed crops (Minfal, 2014). Poor
soil fertility, pests, diseases, water stress, and insufficient pollina-
tion are the causes of low canola productivity (Free, 1993).

As a cross-pollinated crop, its pollens are dispersed either
through wind, gravity or animals (Thompson et al., 1999;
Westcott and Nelson, 2001; Bommarco et al., 2012). Pollination
by insects is very important to the persistence and reproduction
of various plants including agricultural crops, medical herbal crops,
horticultural and wild plants (Ollerton et al., 2011; Latif et al.,
2019b; Shakeel et al., 2019). For the transfer of pollen grains, B.
napus requires different groups of insects because canola is a
self-incompatible crop that is why it needs different insects for
the transportation of pollen from male to female flowers (Roy
et al., 2014). Canola flowers secrete a large quantity of nectar and
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are highly attractive to insect pollinators especially to honeybees
(Masierowska and Piętka, 2014). Further, bees improve the
hybridization of the plants during nectar and pollen collecting pro-
cesses and are suggested as an essential contributors to short dis-
tance pollination (Morse and Calderone, 2000). Insect pollination
in canola, maximize seed production, larger grain, the formation
of well-shaped grains, and more viable seed (Khan and Chaudhary,
1995).

All insect pollinators do not show the same foraging behavior
regarding their food collection from the availability of flora diver-
sity (Bashir et al., 2018; Ahmad et al., 2021; Khan et al., 2021; Saleh
et al., 2021a, 2021b). For instance, the difference occurs between
the foraging pattern of bumblebees and honeybees. It has been
found that bumblebees generally collect pollens with high protein
contents during foraging activity in the spectra of plant species,
whereas honeybees tend to exploit diverse plant resources to col-
lect pollen quantity instead of pollen quality (Leonhardt and
Blüthgen, 2012). Pollens from different floral resources have speci-
fic size, shape, and orientation (Shubharani et al., 2013). Pollen
study has significant importance in recognition of bee flora
(Shubharani et al., 2013; Al-Kahtani et al., 2020). Moreover, the
diversity of pollen resources could affect the foraging behavior
and longevity of the bees (Hanley et al., 2008; Latif et al., 2019a).

This study was conducted to determine the honeybee pollen
preferences among the available floral diversity in B. napus. Also,
to explain the foraging behavior and pollination efficacy of A. mel-
lifera colonies (placed at 250 m and 500 m distances) in B. napus
crop.
2. Materials and methods

The B. napus (canola) variety was cultivated in 2018. Row to row
and plant to plant distance was maintained as 45 cm and 15 cm,
respectively.
2.1. Identification of pollen sources collected by A. mellifera during the
flowering period of B. napus

Five colonies of bees with equal strength were placed in the
experimental area of 2 acres to perform this experiment. A field
survey was conducted to identify the collected pollen sample as
a reference from all flowering local plant species. For further inves-
tigation, the mature pollen grains of the identified plant species
were collected and preserved in 70% ethanol (Shubharani et al.,
2013).

To identify the pollen collected by bees, seven incoming forager
bees with pollen load were collected from each hive at weekly
interval. For pollen identification, the acetolysis protocol was used
(Jones, 2014). Pollen suspension was made by washing the bee
body in 70% ethanol. After that 2 mL glacial acetic acid was added
in 5 mL pollen suspension for 10 min. Centrifuged it for 3 mins at
2400 rpm and the supernatant was removed. Then 10 mL of acetol-
ysis mixture (glacial acetic acid and concentrated sulfuric acid 9:1)
were added in it and heated the solution in the water bath at 70 �C
for 12 mins. This solution was cool down for 5 mins and again cen-
trifuged at 2400 rpm for 3 mins and the supernatant was dis-
carded. After that, it was resuspended in distilled water,
centrifuged and discarded the supernatant. After acetolysis, pollens
were preserved for archival reference slides (Schmid, 1995). In this,
a base stock of jelly was prepared by combining 10 g gelatin, 30 mL
glycerin, and 35 mL distilled water. Then a drop of the prepared
jelly and a sample of pollen and stain were added on a clean micro-
scope slide and the slide were gently warmed, stirred to thor-
oughly homogenize the mixture. Then a coverslip was added,
sealed with nail polish around the edges. Then pollens were iden-
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tified using identification keys and an online image database
(Kearns and Inouye, 1993).
2.2. Quantification of pollen collected by A. mellifera

From each colony, seven bees were collected weekly and pollen
quantification was done by washing the bee body in a known
quantity of ethanol. Ethanol was also used in the cleaning of the
hemocytometer. With the help of a pipette, a small drop of pollen
suspension was taken and placed in the center of the hemocytome-
ter. The coverslip was placed properly over the hemocytometer.
Pollen suspension was allowed to settle at the bottom chamber
for 2 min before counting. The chamber is 0.1 mm high and divided
into 25 medium squares of 0.04 mm2 each, which were further
subdivided into 16 small squares of 0.0025 mm2 each. This means
a volume of 0.1 mL in the chamber, 0.004 mL in each medium
square and 0.00025 mL in each small one. For each pollen sample,
the pollen grains of five medium squares at the center, left, and
right corners at the top and bottom of the chamber were counted
under binocular microscope 100 X magnifications (Human et al.,
2013) which were repeated for making 107 individual observa-
tions. Pollen counting was done using a formula:

Pollens per mL = (Total number of pollens counted � Diluted
factor/ Area of squares counted (mm2) � Chamber depth (mm))
2.3. Effect of beehive distance on colony-level pollination efficiency

For monitoring the pollination efficacy of A. mellifera, five colo-
nies of equal bee strength were selected and that foraging activity
on B. napuswas observed during the whole blooming period. These
colonies were placed at 250 m and 500 m away from the experi-
mental area of 2 acres with the start of the blooming period till
crop harvesting. The following parameters were investigated.
2.4. Colony foraging rate

Two distances 250 m and 500 m of honeybee colonies away
from B. napus crop were taken as treatments. In each treatment,
five bee colonies were placed as replication. The number of bee for-
agers from each colony was estimated from hives distance 250 m
and 500 m by counting the foragers returning with pollen loads
to the hive for 10 min at 10:00 AM, 12:00 PM, and 14:00 by stand-
ing at the side of the bee hive (Baker and Jay, 1974).
2.5. Pollination effect of by A. mellifera in yield of B. napus crop

To find out the contribution of managed honey bees to the pol-
lination of B. napus, five colonies of bees were placed in the corner
of the field. The data were taken from pre-blooming to pod har-
vesting of the crop. Before the commencement of flowering, ten
plants per replication were covered by muslin cloth to limit the
access of insect pollinators. These plants remained covered
throughout the blooming period. In the second treatment, plants
remained uncovered for the whole flowering period. At the end
of the crop cycle, the plants were harvested for assessment of the
following parameters.
2.6. Number of pods

The total number of pods was counted from ten selected canola
plants in each treatment at the time of harvest and their average
was calculated.



Table 2
Total numbers of pollen sources visited by Apis mellifera recorded during the
flowering period of Brassica napus at the study site during 2018.

Plant species No. of species Percentages

Crops 2 11.11
Shrubs 4 22.22
Herbs 4 22.22
Ornamental plants 2 11.11
Weeds 6 33.33
Total 18 100
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2.7. Number of seeds per 100 pods

Hundred pods were randomly selected from each sample of
each treatment at the time of harvest. Then after threshing,
recorded the number of seed by counting and their average was
calculated.

2.8. Weight of seed per 10 plants

From each treatment, ten plants were randomly selected. Then
after threshing, recorded the seed weight of 10 plants from each
treatment by using an electrical weighing balance (Mettler Toledo,
Colombus, USA) to calculate their average.

2.9. Statistical data analysis

All results were presented in mean ± standard error (SE) and
statistical data analyzed through statistical package SPSS (version
26). The effect of colony foraging rate at different beehives dis-
tance, data about the number of pods per 10 plants, number of
seeds per 100 pods, and seed weight per10 plants were measured
using analysis variance (ANOVA). The student’s t-test was used to
calculate the significant difference between the two groups, one-
way ANOVA followed by Tukey post-hoc test was used to deter-
mine the difference between more group. All means value were
compared at the 95% (p < 0.05) confidence level.

3. Results

3.1. Identification of pollen sources collected by A. mellifera during the
blooming period of B. napus

In the laboratory, different pollen sources were identified which
were collected by A. mellifera during the flowering period of B.
napus (Table 1). The result revealed that A. mellifera foraged effi-
ciently on 18 plants species belonging to 11 families during the
flowering period of Brassica crop. Information on pollen morphol-
ogy and each floral source is also given in Table 1. Asteraceae fam-
ily provided six plants species as pollen sources followed by
Solanaceae, Malvaceae, Fabaceae, and Rosaceae which provided
two plant species with each. One floral source was included by
Brassicaceae, Convolvulaceae, and Poaceae families. Among 18
identified plant species, 6 species belonged to weeds, 4 species
each from herbs and shrub were represented, and 2 each belonged
to crops and ornamental plants, respectively (Table 2). In this
Table 1
Various pollen sources visited by Apis mellifera during the Brassica napus blooming period

Sr. No Scientific name and Family Morphology

1. Brassica napus (Brassicaceae) Sub-spheroid, Monopora
2. Taraxicum officinalis (Asteraceae) Bilateral symmetry
3. Calendula officinalis (Asteraceae) Pantoporate, pores 32, E
4. Chrysanthemum indicum (Asteraceae) Exine reticulate, porate,
5. Calotropis procera (Asteraceae) Thicker outer layer but
6. Calendula arvensis (Asteraceae) Round shape porate, sph
7. Capsicum annuum (Asteraceae) Porate, spinolous, oval s
8. Cichorium intybus (Asteraceae) Round shape, bilateral s
9. Petunia spp. (Solanaceae) Prolate, sub- spheroid, t
10. Solanum melongena (Solanaceae) Sub-spheroid,exinepsila
11. Alcea rosea (Malvaceae) Pantoporae, spheroid, ra
12. Callistemons rigidus (Myrtaceae) Triangular shape, radial
13. Convolvulus arvensis (Convolvulaceae) Spinlouse pollens, bilate
14. Trifolium alexandrianum (Fabaceae) Porate, echinate pollen,
15. Acacia nilotica (Fabaceae) Oval in shape and multi
16. Eriobotrya japonica (Rosaceae) Ovate, pointed, glandula
17. Rosa indica (Rosacae) Ovate, pointed, glandula
18. Sorghum halepense (Poaceae) Prolate, spheroid, radial

3

study, weeds were reported as the major bee supporting flora fol-
lowed by shrubs and crops. The bulk of diet was taken from weeds
during the mass flowering periods (33.33%) and is therefore
thought to play a key role at this time. In the absence of major flora,
minor flora such as ornamental plants also provide food to the
bees.

The pollen species differed in morphology, structure, symmetry,
exine structure, and sculpture. Pollen grains of B. napus and Sola-
num melongena were sub-spheroid. Echinate type of pollen grains
belonged to the Trifolium alexandrianum and Calendula officinalis.
Petunia spp. and Sorghum halepense had prolate shape pollen
grains. Spheroid types of pollen grains were found in Chrysanthe-
mum indicum, Calendula arvensis, and Alcea rosea. Asteraceae family
had echinate, spheroid, and spinolous type of pollen grains. Eri-
obotrya japonica and Rosa indica had the ovate and glandular type
of pollen grains. Callistemons rigidus, Cichorium Intybus, and Acacia
nilotica had the triangular, round, and oval shape of the pollen
grain, respectively.
3.2. Quantification of pollen collected by A. mellifera workers

The pollens collected from different floral sources by A. mellifera
during the flowering period of B. napus were separated from their
bodies and quantified (Table 2).

The results indicated that pollen grains observed from forager
bees represented Brassicaceae, Asteraceae, Malvaceae, Solanaceae,
Convolvulaceae, Fabaceae, Rosaceae, and Poaceae families. Among
these observed families, maximum numbers of B. napus pollens
were from Brassicaceae. The maximum pollens collected by bees
differed significantly between the week intervals (F
(5116) = 11.35, P = 0.001). During the B. napus blooming period,
the maximum pollen grains collected by honeybees were
37333.33 mg in the first week, whereas less pollen grains were
27911.11 mg during the sixth week (Fig. 1).
at the study site in 2018.

Forage source
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Fig. 1. The total amount of pollen (mg/week) collected by Apis mellifera during the
flowering period of Brassica napus.
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3.3. Colony-level pollination efficacy of A. mellifera on B. napus

3.3.1. Colony foraging rate
The foraging rate of A. mellifera on B. napus was investigated at

10:00 AM, 12:00 PM, and 14:00 on weekly intervals at 250 m and
500 m distance from crops (Fig. 2 A, B). During the five-week inter-
vals at 10:00 AM, maximum foraging rate (617 bees) was observed
during the 1st weekly interval which was highly significant from
other weekly intervals at 250 m distance (F (4,16) = 32.46,
P = 0.001). In contrast the less foraging rate was found at the 5th
weekly interval that was 491 bees. In the case of five-week inter-
vals at 12:00 PM, maximum foraging rate (816 bees) was observed
during the 1st weekly interval which was highly significant from
other weekly intervals, while less foraging rate was 601 bees dur-
ing the 5th week interval at distance of 250 m. During the five-
week intervals at 14:00, maximum foraging rate (718 bees) was
observed during the 1st weekly interval and less foraging rate
(561 bees) was observed at the 3rd weekly interval (Fig. 2 A).

The effect of 500 m hive distance on the foraging rate of honey-
bees during the flowering period of B. napus at different week
Fig. 2. Foraging rate of Apis mellifera on Brassica napus during the flowering period at we
napus at 10:00 AM, 12:00 PM, and14:00 PM from 250-meter distance. (B) The total numbe
PM from 500-meter distance.

4

intervals was described (Fig. 2 B). During the five-week intervals
at 10:00 AM, the maximum foraging rate (636 bees) was observed
during the 1st weekly interval which was highly significant from
other weekly intervals and less rate was (246 bees) at the 5th
weekly interval. The maximum foraging rate (716 bees) was
observed during the 1st weekly interval while less foraging rate
(229 bees) during the 5th week at 12:00 PM. Similarly, the maxi-
mum foraging rate (695 bees) was observed during the 1st weekly
interval whereas less foraging rate (120 bees) during the 5th week
at 14:00.

3.4. The effect of pollination efficacy on yield parameters of B. Napus at
250- and 500-meter distances

3.4.1. Total number of pods per plant
The number of pods per plant is a major yield determining com-

ponent that contributed towards yield. In the case of 250 m dis-
tance, the total number of pods per plant differed significantly
from bee-pollinated B. napus plants in comparison to without
insect-pollinated plants (F (1,4) = 176.81, P = 0.002). The mean
number of pods per plant was 1270 ± 3.12 in the bee-pollinated
plant whereas 1096 ± 5.26 pods in without insect pollination
(Table 3).

Similarly, at a distance of 500 m, the total number of pods per
plant were significantly higher in the case of bee-pollinated B.
napus plants in comparison to without insect-pollinated plants (F
(1,4) = 50.50, P = 0.002). The mean number of pods per plant was
1026 ± 4.52 in the bee-pollinated plant while 893 ± 10.54 pod in
without insect pollination.

3.4.2. Total number of seeds per 100 pods
The number of seeds per 100 pods were significantly higher in

bee-pollinated plants compared to without bee pollination (F (1,
4) = 14276.53, P = 0.001). The number of seeds per 100 pods was
2632 ± 13.77 in bee-pollinated flower whereas 2135 ± 5.22 in
the net without pollination (Table 3).

At 500 m distance, the number of seeds per 100 pods were sig-
nificantly different in bee-pollinated plants as compared to with-
out bee pollination (F (1, 4) = 245.25, P0 = 0.001). The number of
seeds per 100 pods (2365 ± 9.35) in bee-pollinated flower while
net caged plants without bee pollination (11.20 ± 17.92).
ekly interval. (A), the total number of bees visit (Mean ± Standard error) on Brassica
r of bees visit (Mean ± Standard error) on B. napus at 10:00 AM, 12:00 PM, and 14:00



Table 3
The effect of pollination on yield parameters including number of pods per plant, number of seeds per 100 pods, and seeds weight per 10 plants (g) was compared between bee-
pollinated plants and without pollination plants at distance 250 m and 500 m.

Treatment The effect of pollination efficacy on yield parameters at 250 m
distance

The effect of pollination efficacy on yield parameters at 500 m
distance

Pods per plant Seeds per 100 pods Seeds weight per 10 plants (g) Pods per plant Seeds per 100 pods Seeds weight per 10 plants (g)
Mean ± S. Error Mean ± S. Error Mean ± S. Error Mean ± S. Error Mean ± S. Error Mean ± S. Error

Honey bee
pollination

1270 ± 3.12 2632 ± 13.77 67.26 ± 0.21 1026 ± 4.52 2365 ± 9.35 59.94 ± 1.23

Without pollination 1096 ± 5.26 2135 ± 5.22 47.97 ± 0.74 893 ± 10.54 1792.60 ± 11.20 49.66 ± 4.94
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3.4.3. Weight of seeds per 10 plants
Seed weight per 10 plants was significantly higher in managed

pollination of A. mellifera at distance of 250 m as compared to
plants covered with net (F (1, 4) = 976.72, p = 0.001). Means seed
weight per 10 plants obtained from A. mellifera pollinated plants
were (67.26 ± 0.21 g) whereas without pollination was (47.97 ± 0.
74 g).

Seed weight per 10 plants was significantly higher in managed
pollination of A. mellifera at a distance of 500 m as compared to
plants covered with net (F (1, 4) = 8.22, P = 04). Means seed weight
per 10 plants obtained from A. mellifera pollinated plants were (59.
94 ± 1.23 g) while without pollination was (49.66 ± 4.94 g)
(Table 3).

4. Discussion

In the present study, it was aimed to identify all available pollen
sources during the flowering period of the Brassica crop. Result
revealed that bees collected pollens from the availability of various
floral resources. Among them, B. napus was the main crop, how-
ever, honeybees also collected pollen from different ornamental
plants, weeds, shrubs, and herbs. It was observed that the foraging
activity of honeybee was slow at the start of the blooming period.
Honeybee foraging activities increased during the flowering period
of crops. Pollen and nectar quantities were high in the blooming
period. This basic information could be provided to the beekeepers
to inform them about the main crop and other pollen sources.

It was evident from pollen quantification, A. mellifera foragers
collected maximum pollens from B. napus flowers. Natural planta-
tion such as weeds can fulfil pollen requirements of honeybees. In
this study, six weeds including T. officinalis, C. procera, C. annuum, C.
intybus, C. arvensis, and S. halepense were reported as the bee sup-
porting flora. Wild blooming plants and other natural vegetation
can serve as an alternate food source for A. mellifera. The bulk of
diet was taken from weeds during the mass flowering periods
(33.33%) and is therefore thought to play a key role during flower-
ing periods. Forager bees visited on different floral resources due to
seasonal availability of resources, the presence of brood, and the
amount of stored food in the hive (Camazine, 1993; Bilisik et al.,
2008). The pollen preference may depend upon the interaction of
macronutrients rather than the signal nutrients (Ghosh et al.,
2020). The pollen identification and quantification were also useful
to determine the geographical and botanical origin of the honey.

The results also highlighted that the foraging rate of A. mellifera
on B. napus was significantly more at 12:00 PM followed by 14:00
PM and 10:00 AM at weekly intervals, respectively. Ghosh et al.
(2020) found similar results that foraging activity of honeybee
was highest on Brassica crops during 12:00 PM of the days. The
amount of pollen collection was higher in the afternoon as com-
pared to the morning. Similarly, Pernal and Currie (2001) reported
that the foraging rate of A. mellifera was higher in the afternoon
than in the morning. Yucel and Duman (2005) documented that
forager bees had more foraging activity and pollen collection in
onion crop from 11:00 AM to 12:00 PM of the days. In another
5

study reported similar results that the foraging rate of the honey-
bee was higher afternoon than in the morning (Shakeel et al., 2019;
Saleh et al., 2021a, 2021b). Khan et al. (2021) found that highest
number of bees with pollen entered into the hive at 12:00 PM of
the day.

Moreover, the present results suggested that the total number
of pods per plant, total number of seeds per 100 pods, and weight
of seeds per 10 plants were significantly higher in bee-pollinated
flower plants than without the bee-pollinated plants. Tara and
Sharma (2010) compared the qualitative and quantitative effects
of pollination on controlled (covered) and open-pollinated plants
of B. campestris. Their results indicated that the fruit set was higher
in open-pollinated (88.10%) as compared to controlled (80.00%)
plots. The mean number of seeds per pod in open-pollinated plants
was 11.2 whereas in controlled pollinated plants was 10.2. Simi-
larly, the mean weight of 100 seed was higher in open-pollinated
plants (0.42 g) as compared to controlled pollinated plants
(0.17 g). Goswami and Khan (2014) found similar results that open
pollination increased the number of pods (142.83) and percent pod
set (83.42) as compared to the number of pods (96.64) and percent
set (62.80) in caged mustered. Shubharani et al. (2013) found that
average yields of canola were 189.3 ± 1.7 pods per plant in bee-
pollinated plots whereas 142.2 ± 2.4 pods per plant in the covered
plots. Present results are also in accordance with the findings of
Stanley et al. (2013) who revealed significant differences between
open-pollinated and covered canola for three yield parameters (i.e.,
number of seeds per pod, the weight of 1000 seeds and total yield
of seeds). Similarly, Thakur (2005) reported that the highest num-
ber of pods per plant (495) in A mellifera pollinated plants, (438) in
A cerana (417) in open-pollinated plants whereas covered plants
without pollinators produced (290) pods per plant. We could sug-
gest that the managed bee colonies play critical role to ensure con-
tinued provision of pollination services to Brassica crop.

5. Conclusions

The results indicated that A. mellifera foraged efficiently on a
total of 18 plants species belonging to 11 families during the
blooming period of B. napus. Asteraceae family provided six plants
species as pollen sources, whereas Solanaceae, Malvaceae, Faba-
ceae, and Rosaceae provided two plant species with each. Brassi-
caceae, Convolvulaceae, and Poaceae families provide one floral
pollen source with each. Moreover, within18 identified plant spe-
cies, 6 species belonged to weeds, four species belonged to herbs
and shrub each, and 2 belonged to crops and ornamental plants
each, respectively. The maximum foraging rate of A. mellifera was
observed at 12:00 PM followed by 14:00 and 10:00 AM on B. napus
at weekly intervals. Furthermore, the total number of pods per
plant, total number of seeds per 100 pods and weight of seeds
per 10 plants have differed significantly in bee-pollinated plants
as compared to without bee-pollinated plants. However, further
study is needed to investigate the difference of pollen sources pref-
erence of A. mellifera. The authors acknowledge Muhammad Amjad
Bashir, for continuous assistance in research trials.
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