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ABSTRACT

Bees, being effective pollinators, contribute to increasing the yield of fruits and seeds in a variety of crops. We
experimented to evaluate the pollination effectiveness of different pollinators for the successful pollination of
radish, Raphanus sativus L. The effectiveness of the most prevalent pollinators was measured using parameters
such as visitation rate, duration of stay per flower, percentage of stigma contact, as well as the percentage of
pod set from a single visit and the number of seeds per pod. Carpenter bees Xylocopa sp. exhibited a notably
higher visitation rate and stigma contact percentage, surpassing Asian giant honeybee, Apis dorsata Fabricius
and European honey bee A. mellifera L. (both Hymenoptera: Apidae). Xylocopa sp. came out as the most
proficient pollinator, followed by A. dorsata and A. mellifera, when evaluating the effectiveness of a single
pollinator visit in terms of pod set percentage and quantity of seeds per pod. Additionally, open-pollinated
flowers demonstrated significantly higher pod set percentages and a greater number of seeds per pod compared
to self-pollinated flowers. Conserving these efficient native bee species could potentially lead to increased
vegetable crop production and greater returns for farmers in other cross-pollinated crops in the Punjab Pakistan.

Keywords: Honeybees, solitary bees, open pollination, visitation rate, single visit efficacy, radish and Raphanus
sativus L.

INTRODUCTION

Pollination is an essential ecosystem service crucial
for achieving sustainable food systems [1, 2, 3].
Animal-mediated pollination is essential to the
reproductive success of over 90% of flowering plant
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species and 75% of key crops, including fruits,
oilseeds, nuts, and vegetables [4, 1]. Insects serve as
important  pollinators, establish a beneficial
relationship with flowering plants, and play essential
roles towards reproductive success of these species
[5]. Insects contribute to cross-pollination in many
crops, even though wind and self-pollination
predominate worldwide agricultural systems [6, 2]. In
addition, 87 out of 124 crops grown for human
consumption have reported increased yield due to
insect-mediated pollination services [1].

Due to its adaptability to many soil types and rapid
development, radish (Raphanus sativus L.), an
important winter vegetable crop, is popular in
temperate and tropical regions [7]. Despite its
potential, the average yield for this short-duration crop
is considerably lower, around 46% (16.2 t/ha),
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compared to experimental stations (30 t/ha) at the
farmer level in Pakistan [8]. Radish, originating from
Asia and Europe, is a popular and fast-growing
vegetable grown in temperate and tropical regions [9,
10]. The flowers of radish are self-incompatible and
receptive period of the stigma is limited to specific
hours in the day [11]. Radish flowers, measuring 2.5
cm, have four petals, and each petal has a white to
purple color. The flower yields six seeds in every
developed pod per plant [12]. Radish flowers rely on
insect pollinators for successful reproductive phase
due to their self-incompatible nature [13].

As insect pollinators, bees contribute 35% to primary
food production, supplying crucial nutrients for
ecosystems and humans [1]. Introduction of honeybee
hives optimizes crop pollination; however, the
honeybees could create competition with the wild bee
populations [14]. Nevertheless, it remains uncertain
whether such competition prevails when honey ees are
present in large-scale flowering crops, whether
resources are abundant or limited.

As per the optimal foraging theory, honeybees engage
in neighboring flower foraging to optimize their net
energy intake relative to time [15]. In addition to
honeybees, wild insects also confer crop pollination
benefits through supplementary pollination [16, 17.
Short-tongued syrphid flies, distinct from honeybees,
display a preference for plants with easily accessible
pollen and nectar due to their short corollas, as
observed in canola flowers [18, 19]. An efficient
insect pollinator demonstrates the ability to deliver
sufficient conspecific pollen grains onto viable
stigmas at the right time. This metric of pollinator
efficiency often categorizes the significance of diverse
pollinator visitors, thereby influencing plant fitness
through the contribution of insect pollinators [20, 21,
22]. Successful fertilization depends on the pollen
collecting and depositing ability of the insect
pollinator [22].

Pollen grain deposition onto a receptive stigma is
commonly regarded as a measure of pollinator
efficiency due to its practicality in field settings.
Recent studies have suggested that the pollen
deposition due to a single pollinator visit to a receptive
stigma serves as an effective indicator of pollinator
success [23, 24, 25]. However, it's important to note
that the reproductive success of female flowers cannot
be accurately determined solely by the single visit
pollen deposition. A. dorsata has been identified as an
optimal pollinator for various crops, such as rapeseed
Brassica napus [26], onion Allium cepa [27], Egyptian
river hemp Sesbania sesban [28], and bitter melon
Momordica charantia [29] in the southern Punjab
region of Pakistan. The effectiveness of pollinators
has been evaluated using single visit efficiency,
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revealing shifts in pollination traits and preferences
for various floral traits among floral visitors [30].

To the best of our knowledge, no study has
investigated the diversity and abundance of pollinators
on radish grown in Multan, Pakistan. The current
study investigates the diversity and abundance of
insect pollinators on radish.

MATERIALS AND METHODS

Experimental site

The experiment took place at the research farm of
MNS University of Agriculture in Multan (30.1424,
71.4429). Radish, R. sativus L. (Brassicaceae), was
cultivated within a 505.9 m? plot during July 2017.
Surrounding vegetation included perennial trees like
Indian rosewood Dalbergia sissoo and gum arabic tree
Acacia nilotica (both Fabaceae), alongside crops such
as mustard (Brassica campestris L.), maize (Zea mays
L.), cotton (Gossypium hirsutum L.), and rice (Oryza
sativa L.). The region has sub-tropical desert climatic
conditions characterized by cold winters and hot
summers, with daily mean temperatures ranging from
810 12 °C and 38 to 50 °C, respectively. The typical
summer monthly mean rainfall stands at
approximately 18 mm.

Floral visitor censuses

Throughout the flowering period, we documented the
abundance of pollinators on 30 plants selected
randomly. We conducted observations at 0800 to 1000
hours, with one-week intervals. For each assessment,
we randomly chose 30 plants and observed each plant
for one minute to record insect pollinators. In the
experimental plot, we tallied the total number of
flowers per plant to identify flower-visiting insects.
Some representative specimens of pollinators were
also gathered for taxonomic classification. The
collected specimens were preserved in the laboratory.
Foraging behavior

The foraging activity of various available pollinators
were observed, including the count of flower visits
within a minute (visitation frequency), the duration of
time spent on a flower, and their pursuit of pollen and
nectar. Moreover, the lateral feeding behaviors of
honeybees were visually noted. These observations
were conducted weekly at different times of the day,
specifically between 0800 and 1000 hours,
acknowledging the distinct variations in seasonal and
daily dynamics that are associated with insect
pollinators [31].

Single visit efficacy with seed production

To assess the efficiency of pollination in a solitary
visit, the deposition of pollen by a specific insect
pollinator was measured. For this purpose, unopened
buds were enclosed within netting bags. During the
peak activity window, which spanned from 1000 to
1400 hours, insect pollinators were observed, and the
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flowers were subsequently released from the
enclosures. Physiological parameters such as pod
length, number of seeds per pod, pod weight, and seed
weight per pod were measured to evaluate the
pollination effectiveness of each pollinator [31]. For
checking the effectiveness of pollination services,
both caged (self-pollinated) and open-pollinated
plants were maintained.

Statistical analyses

The data gathered from various parameters, including
pod length, pod weight, the number of seeds per pod,
visitation rate, stay time, pollen loads, single visit
efficacy, and seed weight, underwent a comprehensive
statistical examination employing ANOVA (analysis
of variance). To perform this analysis, the XLSTAT
software (version 2008) was employed. Further, the
means were separated using the Tukey Kramer test.
The correlation between different yield parameters
was determined using Spearman rank correlation.
RESULTS

The visiting pollinator groups for radish flowers
included seven bees (Hymenoptera) and four true flies
(Diptera) (Table 1). Among the bee species,
systematic observations covered A. florea, A. dorsata,

A. mellifera, Halictus sp., Lasioglossum sp., and
Nomia sp., while Xylocopa sp. and flesh flies were
observed less frequently. Apidae emerged as the
prevailing family with four species, followed by three
species from Halictidae. Notably, A. florea and A.
dorsata exhibited the highest frequency as floral
visitors, totaling 197 and 145 individuals,
respectively. Out of a total of 763 recorded insect
individuals, 77 percent constituted bees, while the
remaining 23 percent were flies (Table 1). Visitation
frequency of A. florea and A. dorsata was highest
among all the observed bee species, at 0.82 and 0.60
individuals per plant per minute, respectively (Table
1). Among true flies, the hover flies dominated,
including two species with hoverfly Eristalinus
aeneus (Scopoli) and E. laetus (both Diptera:
Syrphidae) being the most abundant. They displayed
the highest visitation frequencies at 0.29 and 0.24,
respectively. The two remaining Diptera families
featured merely one to two species each. Calliphoridae
(Euphumosia sp.) held dominance, both in terms of
abundance (8 individuals) and visitation frequency
(Table 1). The sarcophagids (Sarcophaga sp.)
occasionally visited the flowers.

Table 1. Insect diversity visiting radish flower, their abundance and foraging task

Visitation
Relative frequency Foragin
Order Family Insect pollinator Abundance Percentage  (flowers ging
- task
(%) visited/plant
/min)
Apis florea 197 25 0.82 N
Hymenoptera Apidae Apis dorsata 145 19 0.60 N
Apis mellifera 102 13 0.42 N
Xylocopa sp. 83 10 0.34 N
Halictus sp. 67 08 0.27 N
Hymenoptera  Halectidae Lasioglossum sp. 14 01 0.05 N/P
Nomia sp. 12 01 0.05 N
Syrphidae E. aeneus 71 09 0.29 N/P
Diptera E. laetus 59 07 0.24 N/P
Calliphoridae ~ Euphumosia sp. 08 01 0.03 N/P
Sarcophagidae  Sarcophaga sp. 05 06 0.02 N/P
763
Significant variations were evident in the remarkable augmentation of 10.33 times in open
reproductive parameters. Specifically, in the pollination and 333 percent in hand pollination. The

presence of pollinators, there was a substantial
increase of 3.43 times in pod length and 2.62 times
in hand pollination treatments, compared to
instances where no influence of pollinators was
observed. Moreover, pod weight exhibited a
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number of seeds per pod saw an increase of 6.98
times in open pollination and 3.63 times in hand
pollination, while seed weight per pod showed a
striking boost of 13 times in open pollination and
4.00 times in hand pollination, all in contrast to self-

61


https://en.wikipedia.org/wiki/Sarcophagidae

Plant Bulletin Vol 2, (1) 2023: 59-68

ISSN: 2959-3379 (Print), 2959-3387 (Online)

pollinated flowers across various pollination modes
(Table 2). Conversely, no notable differences were

detected in these parameters within self-pollinated
plants.

Table. 2 Comparison of reproductive parameters in open, hand and self-pollinated plants

Pollination Modes  Pod length (cm)

Pod weight (g)

No. of seeds/pod Seed weight/pod

9 (9)
Pollinators 12.01+0.46 a 0.31+00la 810+0.22a 0.13 + 0.005 a
influence
Caged or no
Pollinators 3.50 +0.47 b 0.03 +0.006 b 1.16 +0.16 ¢ 0.01 +0.002 b
influence
Hand pollination  9.18 +1.26 a 0.13+0.03 b 422+092b 0.04+0.014 b

Pod length showed significant differences based on
individual visits from various pollinators (F = 4.1, df
=8, P <0.001) (Table 3). A greater pod length resulted
from visits by A. dorsata and Xylocopa sp., followed
by A. mellifera. In terms of pod weight (F = 9.2, df =
8, P < 0.001), the highest values were recorded after
interactions with A. dorsata and Xylocopa sp.,
followed by A. florea, and finally A. mellifera (Table
3). Notably, open-pollinated flowers exhibited greater
pod length and weight in comparison to self-pollinated
flowers.

Significant differences were observed in the number
of seeds per pod (F = 10.2, df = 8, P < 0.001) across
the seven different pollinator visits (Table 3). A.
dorsata and Xylocopa sp., showed higher pollinator
effectiveness, yielding more seeds per pod in a single
visit compared to the flies, as assessed by correlation
values. A. mellifera, A. florea, and E. laetus followed
this trend, respectively. The ranking of pollinator
effectiveness, as indicated by correlation values,
aligned with the order observed for the number of
seeds per pod.

Table 3. Pollination effectiveness in terms of single visits by different pollinators

Pollinators Pod length (cm) Pod weight (g) (Ng()) of seeds/pod (Sge)ed weight/pod
Open pollination 12.01+0.46 a 0.31+0.01 ab 8.10 £0.22 ab 0.13+0.005b
Apis florea 490+ 1.21 hc 0.07 £ 0.008 c 3.00+1.52cd 0.02+0.02¢c
Apis dorsata 11,53+ 0.62 ab 0.38+£0.07a 950+1.19a 0.23+0.05a
Apis mellifera 7.00£1.17 abc 0.07£0.01 ¢ 4.75£1.49 be 0.04+0.01 c
Xylocopa sp. 10.86+1.61 ab 0.32+0.04 ab 8.33+0.88 ab 0.19+0.026 ab
E.aeanus 4.10+0.20 bc 0.03+0.01 c 1.5040.50 cd 0.005+0.005 ¢
E.laetus 4.15+1.85 bc 0.03+0.03 ¢ 1.50+0.50 cd 0.01+0.005 ¢
Self-pollination 350+047c 0.03 £0.006 c 1.16+0.16 d 0.01+£0.002 c

The Pearson correlation matrix revealed a significant
positive correlation between the number of seeds per

pod (0.773) and seed weight per pod (0.945).
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Furthermore, a positive correlation was found between
seed weight per pod and the number of seeds per pod
(0.793) (Table 4).
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Table 4. Pearson correlation matrix among yield parameters

Pod length (cm) Pod weight (g) No. of seeds/pod (Q)
Pod weight (g) 0.473
No. of seeds/pod 0.558 0.773
Seed weight/pod 0.437 0.945 0.793
DISCUSSION modify its level of engagement in nectar robbing [47].

The study investigated the diversity and abundance of
pollinator species on radish flowers in the tropical
desert climate of Multan, Pakistan. In this study, a
total of eleven insect pollinators from five various
families and two various orders visited radish flowers.
Honeybees, solitary bees, and syrphid flies all had the
highest abundance. Radish flowers, with their radially
symmetrical structure and accessible nectarines,
provide a white landing platform along with nectar
and pollen. The flowers of radish are radially
symmetrical and possess accessible nectarines. These
flowers offer a white landing platform, along with
nectar and pollen. Nectar serves as a primary sugar
source for visiting insects [32], and its total sugar
volume and content provides energy to the pollinators
[33, 34]. Given their generalized structure, radish
flowers attract and nourish various pollinators,
including flies, bees, butterflies, wasps, and beetles
[35].

Insect pollinators exhibit a stronger attraction towards
flower rewards that offer both higher quantity and
quality [36, 37, 38, 39, 40, 41, 42]. According to a
previous study, honeybees are the most frequent insect
visitors to radish flowers, with a preference for white
blooms over those with pinkish pigmentation.
Conversely, syrphid flies consistently favor pink
petals over other colors. The ability of pollinators to
differentiate among different morphs of radish flowers
is likely to affect their vigor by altering male
reproductive success [43]. Notably, the abundance and
diversity of pollinators tend to vary across different
latitudes, geographical regions, and time periods [44].
Most bees primarily consume pollen, with the added
benefit of nectar sticking to their bodies as an
additional reward. The energy needs of insect
pollinators and the resources that plants can provide
have an impact on plant-pollinator interactions [45,
46]. The pollen-to-nectar ratio within flowers can
influence the behavior of pollinators and,
consequently, impact pollination efficiency. This
suggests that a nectar feeder has the potential to
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Several authors have reported similar groups of
pollinators visiting radish flowers. For instance,
Bhatia et al. [48] documented twelve insect pollinators
on radish flowers, comprising five from the
Hymenoptera group, four from Diptera, and three
species from Lepidoptera. These findings align with
Sihag [49], who highlighted nine species of
hymenopterans and three species of dipterans as major
visitors to radish flowers. Similarly, Priti et al. [50]
reported analogous findings regarding radish flowers.
Significant variations in stay time and visitation rate
were observed among pollinator groups, including
honeybees, solitary bees, and flies visiting radish
flowers. A. dorsata and Xylocopa sp. visited the most
flowers, displaying the highest visitation rate.
Pollinators adjust their foraging behavior based on
floral rewards, favoring more flowers with greater
nectar incentives [51, 36, 52]. Proboscis length,
natural behavior [53], nectar sugar concentration [54],
floral rewards, and abiotic factors like wind speed,
humidity, light, and temperature [55], all have an
impact on insect pollinator visitation and foraging
rates. Successful pollination relies on compatible
pollen delivery and visitation frequency, both linked
to nectar and pollen rewards and influenced by factors
like soil moisture [56].

As per the optimal foraging theory, the rate of flower
visitation might be higher in dense plantations, while
a larger number of flowers need to be examined per
plant visit in sparser plants [57, 58]. Some studies
have shown a positive correlation between plant
density and visitation rate [59, 60, 61], although
several others have not observed this relationship [62,
63]. Conversely, one study demonstrated a lower
visitation rate with increased flower density [64]. The
notion of greater visitation rates has also been
corroborated in the case of less accessible flowering
plants by multiple researchers [59, 65, 66, 67].
Several prior investigations have been conducted on
various crops, such as sarson, which showed a
substantial difference in seed production between self-
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pollination (79.96% reduction) and open-pollination
conditions (88.05%) [68]. In a study by Goswami and
Khan [69] focusing on mustard, different pollination
methods were examined. They found that pod setting
was highest in open-pollinated plots (83.42%),
followed by cage-pollinated plants (62.80%).
Additionally, it was reported that the number of pods
per plant was greater in insect-pollinated plants
compared to caged plants [70].

The effectiveness of insect pollinator groups exhibited
significant variations in terms of single-visit efficacy
on reproductive parameters (Table 3). A. dorsata and
Xylocopa sp. emerged as the most efficient
pollinators, as a single visit from them yielded a
greater number of seeds and seed weight. A. dorsata
has already been identified as the best pollinator for
certain crops, including rapeseed Brassica napus L.
(Brassicaceae) [26], onion Allium cepa L.
(Amaryllidaceae) [27], and Egyptian riverhemp
Sesbania sesban (L.) Merr. (Fabaceae) [28] in
southern Punjab, Pakistan. The utilization of single-
visit efficiency effectively gauged pollinator
effectiveness and highlighted shifts in pollination
efficiency and preferences for various flower traits
among floral visitors [30].

Recognizing the effectiveness of aligning the
dimensions of flowers with those of their pollinators
has gained notable attention as a strategy to amplify
the triumph of pollination (70). Prior investigations

REFERENCES

[1]. Klein, A.M., B.E. Vaissiere, J.H. Cane and
T. Tscharntke, 2007. Importance of
pollinators in changing landscapes for
world crops. Proceedings of the Royal
Society B: Bioogical Sciences., 274: 303-
313.

[2]. Gallai, N., J.M. Salles, J. Settele and B.E.
Vaissiere, 2009. Economic valuation of
vulnerability —of  world  agriculture
confronted with world pollinator decline.
Ecological. Economics., 68: 810-821.

[3]. FAOSTATS: Food and agricultural
organization of the United Nations. 2013.
Statistical division.

[4]. Kearns, C.A., D.W. Inouye and N.M.
Waser, 1998. Endangered mutualisms: The
conservation of plant-pollinator
interactions. Annual Review of Ecology &
Systematics., 29: 83-112.

[5]. Ollerton, J., R. Winfree and S. Tarrant,
2011. How many flowering plants are
pollinated by animals? Oikos., 120: 321-
326.

https://doi.org/ 10.55627/pbulletin.002.01.0408

have employed both seed production and pollen
deposition following individual pollinator visits as
benchmarks for assessing pollinator efficiency [22].
Within  natural ecosystems, blooming plants
frequently allure an array of pollinators, resulting in
the receipt of pollen from both members of the same
species and other species [72, 73].

The transfer of pollen between diverse species is a
prevalent phenomenon, leading to a circumstance
where the pollen grains settled on a stigma might not
always be of the same species or compatible [73, 74,
75, 76, 77]. Previous studies have shown that pollen
grains from different species may hinder germination
and deposition of same-species pollen. Additionally,
they can prevent the development of seeds, pollen
tubes, and ovules [76, 77, 78]. When flowers are
cross-pollinated, they produce more seeds than
flowers that are self-pollinated. This is because
inbreeding depression makes seeds more likely to get
damaged during the maturation process [79].
Conserving native, effective insect pollinators has the
potential to significantly strengthen seed production of
the pollinator dependent crops. Future research should
investigate nesting sites and supplementary nectar
sources for these insect pollinators. Moreover, future
studies should also focus on pollinator diversity and
their relative contribution to seed production in
different ecological zones.

[6]. Aizen, M.A., L.A. Garibaldi, S.A.
Cunningham and A. Klein, 2009. How much
does agriculture depend on pollinators?
Lessons from long-term trends in crop
production. Annals of Botany.,103: 1579-
1588.

Mahmood, Z. and I. Mehmood, 2015.

Economics of peri-urban radish production

and marketing in faisalabad. Pakistan Journal

of Agriculture Research., 28: 159-168.

[8]. GoP, 2012. Fruit, Vegetables and Condiment
Statistics of Pakistan, Ministry of National
Food Security and Research, Government of
Pakistan, Islamabad.

[9]. Thompson, H.C. and W.C. Kelly, 1957.
Vegetable Crops, McGraw Hill Book
Company, Inc. New York, Toronto, London.

[10]. Chandrashekhar, G.S. 2006. Pollinator fauna
and foraging activity of bees and pollinators in
radish. Journal of Agriculture Science. 18:
719-721.

[71.

64



Plant Bulletin Vol 2, (1) 2023: 59-68

ISSN: 2959-3379 (Print), 2959-3387 (Online)

[11]. Kremer JC 1945. Influence of honey

bee wvisits on radish seed vyield.
Michigan University Agricultural
Experiment Station Quarterly Bulletin
27: 413-420.

[12]. McGregor, S.E., 1976. Insect pollination
of  cultivated crops.  Agricultural
Handbook No. 496. United States
Department of Agriculture, web. 849.

[13]. Kercher, S. and J.K. Conner, 1996.
Patterns of genetic variability within and
among populations of wild radish,
Raphanus raphanistrum (Brassicaceae).
American Journal of Botany 83: 1416—
1421.

[14]. Paini, D.R., 2004. Impact of the
introduced honey bee (Apis mellifera)
(Hymenoptera: Apidae) on native bees: A
review. Austral Ecology., 29: 399-407.

[15]. MacArthur, R.H. and E.R. Pianka, 1966.
On the optimal use of a patchy
environment. Am. Natu. 100: 603-609.

[16]. Garibaldi, L.A., I. Steffan-Dewenter, R.
Winfree M.A. Aizen, R. Bommarco, S.A.
Cunningham C. Kremen and L.G.
Carvalheiro,  2013.Wild  pollinators
enhance fruit set of crops regardless of
honeybee abundance. Science., 339:
1608-1611.

[17]. Mallinger, R.E. and C. Gratton, 2015.
Species richness of wild bees, but not the
use of managed honeybees, increases fruit
set of a pollinator-dependent crop. Journal
of Applied Ecology., 52:323-330

[18]. Branquart, E. and Hemptinne, J.L. 2008.
Selectivity in the exploitation of floral
resources by hoverflies (Diptera:
Syrphinae). Ecography. 23. 732 - 742. 10.

[19]. Colley, M.R. & Luna, J.M. 2000.

Relative attractiveness of potential
beneficial insectary plants to
aphidophagous  hoverflies  (Diptera:

Syrphidae). Environmental Entomology,
29, 1054-1059.

[20]. Primack, R.B. and J.A. Silander, 1975.
Measuring the relative importance of
different pollinators to plants. Nat., 255:
143-144.

[21]. Gross, C. L. 2005. Pollination efficiency
and pollinator effectiveness. In Practical
Pollination Biology (eds. A. Dafni, P. G.

https://doi.org/ 10.55627/pbulletin.002.01.0408

Kevan, B. C. Husband), pp. 354-63.

Enviroquest, Cambridge  (Ontario,
Canada).
[22]. Neeman, G., A.  Jurgens, L.E.

Newstromlloyd, S.G. Potts and A. Dafni,
2010. A framework for comparing pollinator
performance: Effectiveness and efficiency.
Biological Review., 85: 435-451.

[23]. King, C., G. Ballantyne and P. Willmer,
2013. Why flower visitation is a poor proxy
for pollination: Measuring single- visit pollen
deposition, with implications for pollination
networks and conservation. Meth. Ecol.
Evol., 4: 811-818.

[24]. Ballantyne, G., K. C. R. Baldock, and P.
Willmer,  2015.  Constructing  more
informative  plant—pollinator  networks:
Visitation and pollen deposition networks in
a heathland plant community. Proceedings of
the Royal Society. B: Biol. Sci., 1814:1130.

[25]. Willmer, P.G., H. Cunnold and G.
Ballantyne, 2017. Insights from measuring
pollen  deposition:  Quantifying  the
preeminence of bees as flower visitors and
effective  pollinators.  Arthropods Plant
Interactions. 11:411-425.

[26]. M. Ali, S. Saeed, S. Sajjad, A. Whittington.
In search of the best pollinators for canola
(Brassica napus L.) production in Pakistan.
Applied Entomology & Zoology., 46 (3)
(2011), pp. 353-361.

[27]. Sajjad, A., S. Saeed and A. Masood, 2008.
Pollinator community of onion (Allium cepa
L.) and its role in crop reproductive success.
Pakistan Journal of Zoology. 40:451-456.

[28]. Sajjad, A., S. Saeed, W. Muhammad and
M.J. Arif, 2009b. Role of insect in cross
pollination and yield attributing components
of Sesbaina sesban. International Journal of
Agriculture & Biology., 11: 77-80.

[29]. Saeed S., D.K. Malik, A. Sajjad, M. Ali.
2012. In search of the best native pollinators
for bitter gourd (Momordica charantia L.)
pollination in Multan, Pakistan, Pak. J. Zool.,
44 (6), pp. 1633-1641.

[30]. Lau, J.A. and L.F. Galloway, 2004. Effects
of low- efficiency pollinators on plant fitness
and floral trait evolution in Campanula
americana (Campanulaceae). Oecol., 141:
577-583.

65



Plant Bulletin Vol 2, (1) 2023: 59-68

ISSN: 2959-3379 (Print), 2959-3387 (Online)

[31]. Ali M., Saeed S., Sajjad A., Whittington A.
2011. In search of the best pollinators for
canola (Brassica napus L.) production in
Pakistan. Applied Entomology & Zoology.
46: 353-361.

[32]. Nicolson, S.  W. 2007. Nectar
consumers. In Nectaries and nectar (pp.
289-342). Dordrecht: Springer
Netherlands.

[33]. Cnaani, J., J.D. Thomson and D.R.
Papaj, 2006. Flower choice and learning
in foraging bumblebees: Effects of
variation in  nectar volume and
concentration. Ethol., 112: 278-285.

[34]. Nicolson, S. W., & Thornburg, R. W.
2007. Nectar chemistry. In Nectaries and
nectar (pp. 215-264). Dordrecht: Springer
Netherlands.

[35]. Kunin, W.E., 1993. Sex and the single
mustard:  Population  density  and
pollinator behavior effects on seed-set.
Ecol., 74: 2145-2160.

[36]. Cartar, R.V., 2004. Resource tracking by
bumble bees: Responses to plant level
differences in quality. Ecol. 85: 2764—
2771.

[37]. Kudo, G. and L.D. Harder, 2005. Floral
and inflorescence effects on variation in
pollen removal and seed production
among six legume species. Func. Ecol. 19:
245-254,

[38]. Larsson, M. and M. Franzén, 2007.
Critical resource levels of pollen for the
declining bee Andrena hattorfiana
(Hymenoptera,  Andrenidae). Biol.
Conserve.134: 405-414.

[39]. Wallisdevries, M.F., C.A.M. Van Swaay
and C.L. Plate 2012. Changes in nectar
supply: A possible cause of widespread
butterfly decline. Curr. Zool., 58: 384—
391.

[40]. Somme, L., L. Moquet, M. Quinet, M.V
anderplanck, D. Michez, G. Lognay and
A.L. Jacquemart, 2014. Food in a row:
Urban trees offer valuable floral resources
to pollinating insects. Urb. Ecosyst., 19:
1149-1161.

[41]. Bailes, E.J., J. Ollerton, J.G. Pattrick,
B.J. Glover. 2015. How can an
understanding of plant—pollinator
interactions contribute to global food

https://doi.org/ 10.55627/pbulletin.002.01.0408

security? Cur. Opin. in Plant. Biol., 26:
72-79.

[42]. Zhao, Z.; Lu, Ningna; Conner, Jeffrey K.
2016. Adaptive pattern of nectar volume
within inflorescences: bumblebee foraging
behavior and pollinator-mediated natural
selection. Scientific Reports, 6, 34499.

[43]. Stanton, M.L., 1987. Reproductive biology
of flower color variants in wild radish
(Raphanus sativus L.). Il. Factors limiting
seed production. Amer. J. Bot., 74: 186-194

[44]. Ollerton, J. And Louise, C. 2002.
Latitudinal trends in  plant-pollinator
interactions: are topical plants more

specialized? Oikos, 98: 340-350.

[45]. Heinrich, B., 1975. Energetics of
pollination. Ann. Rev. Ecol. Syst. 6: 137-171

[46]. Abrol, D.P. 1986. Time and energy budgets
of alfalfa pollinating bees Megachile nana
Bingh and Megachile flavipes Spinola
(Hymenoptera: Megachilidae). Proc. Ind.
Acad. Sci. (Anim. Sci.)., 95: 579-586.

[47]. Adegas, J.E.B. and R.H. Nogueira-Couto,
1992. Entomophilous pollination in rape
(Brassica napus L. var oleifera) in Brazil.
Apid., 23: 203-209.

[48]. Bhatia R, Koul BL, Sharma AK. 1999.
Pollinator pollinators of carrot (Daucus
carota L) and radish (Raphanus sativus L) in
foot hills of Himachal Pradesh and its role in
fruit set. Journal of Hill Research. 12(2):154-
156.

[49]. Sihag, R.C., 1986. Insect pollination
increases seed production in cruciferous and
umbelliferous crops. J. Apic. Res., 25 : 121-
126.

[50]. Priti, M.R.C. and R.C. Sihag, 2001. Role of
insect pollination in seed production of
radish (Raphanus sativus L.). Seed. Res., 29:
231-234.

[51]. Blarer, Albert & Keasar, Tamar & Shmida,
Avi. 2002. Possible Mechanisms for the
Formation of Flower Size Preferences by
Foraging Bumblebees. Ethology. 108. 341-
351.

[52]. Dreisig, H., 2012. How long to stay on a
plant. The response of bumblebees to
encountered nectar levels. Arthro. Plant.
Inter., 6: 315-325.

[53]. Inouye, D.W. 1980. The effect of

proboscis and corolla tube lengths on

66



Plant Bulletin Vol 2, (1) 2023: 59-68

ISSN: 2959-3379 (Print), 2959-3387 (Online)

patterns and rates of flower visitation by
bumble bees. Oecol., 45:197-201.

[54]. Abrol, D.P. 2007. Foraging behavior of
Apis mellifera L. and A. cerana F. as
determined by the energetics of nectar
production in different cultivars of
Brassica campestris Var toria. J. Apic.
Sci. 51:19-24.

[55]. Vicens, N. and J. Bosch, 2000.
Pollination efficacy of Osmia cornuta and
Apis mellifera (Hymenoptera:
Megachilidae, = Apidae) on  ‘Red
Delicious’ apple. Env. Ent., 29:235-240.

[56]. Waser, N.M. and M.V. Price, 2016.
Drought, pollen and nectar availability,
and pollination success. Ecol., 97: 1400-
1409.

[57]. Pyke, G.H., 1979. Optimal foraging in
bumblebees: rule of movement between

flowers within inflorescences. Ani.
Behav., 27: 1167-1181.
[58]. Pyke, G.H., 1982. Foraging in

bumblebees: rule of departure from an
inflorescence. Canad. J. Zool. 60: 417—
428.

[59]. Klinkhamer, P.G.L. and T.J. de Jong,
1990. Effects of plant size, plant density
and sex differential nectar reward on
pollinator visitation in the protandrous
Echium vulgare (Boraginaceae). Oikos.,
57: 399-405.

[60]. Kunin, W.E., 1997. Population size and
density effects in pollination: pollinator
foraging and plant reproductive success in
experimental arrays of Brassica kaber. J.
Ecol., 85: 225-234.

[61]. Nielsen, A. and R.A. Ims, 2000. Bumble
bee pollination of the sticky catchfly in a
fragmented  agricultural  landscape.
Ecosci., 7:157-165

[62]. Aizen, M.A., 1997. Influence of local
floral density and sex ratio on pollen
receipt and seed output: empirical and
experimental results in dichogamous
Alstroemeria aurea (Alstroemeriaceae).
Oecologia., 111: 404-412.

[63]. Bosch, M. and N.M. Waser, 2001.
Experimental manipulation of plant
density and its effect on pollination and
reproduction of two confamilial montane
herbs. Oecologia., 126: 76-83.

https://doi.org/ 10.55627/pbulletin.002.01.0408

[64]. Stout, J.C., J.A. Allen and D. Goulson,
1998. The influence of relative plant density
and floral morphological complexity on the
behaviour of bumblebees. Oecol., 117: 543—
550.

[65]. Cibula, D.A. and M. Zimmerman, 1984.
The effect of plant density on departure
decisions: testing the marginal value theorem
using bumblebees and Delphinium nelsonii.
Oikos., 43: 154-158.

[66]. Cresswell, JE., 1997. Spatial
heterogeneity, pollinator behaviour and
pollinator-mediated gene flow: bumblebee
movements in variously aggregated rows of
oil-seed rape. Oikos., 78: 546-556.

[67]. Bosch, M. and N.M. Waser, 1999. Effects
of local density on pollination and
reproduction in Delphinium nuttallianum and
Aconitum  columbianum (Ranuculaceae).
Ame. J. Bot., 86: 871-879.

[68]. Tara, J.S. and P. Sharma, 2010. Role of
honeybees and other insects in enhancing the
yield of Brassica campestris var. Sarson.
Halt., 1: 35-37.

[69]. Goswami, V. I. M. L. A., and Khan, M. S.
(2014). Impact of honey bee pollination on
pod set of mustard (Brassica juncea L.:
Cruciferae) at Pantnagar. The bioscan, 9(1),
75-78.

[70]. Thakur, S. S. and Karnatak, A. K. 2005.
Impact of insecticides and mode of
pollination on yield components of Brassica
campestris with assessment of insecticidal
toxicity influencing behaviour of Apis
mellifera L. Thesis (Ph.D. Entomology)
submitted to G.B.P.U.A. and T. Pantnagar -
263 145, (U.S. Nagar), Uttarakhand, India.

[71]. Solis-Montero, L. and M. Vallejo-Marin,
2017. Does the morphological fit between
flowers and pollinators affect pollen
deposition? An experimental test in a buzz-
pollinated species with anther dimorphism.
Ecology & Evolution., 7: 2706-2715.

[72]. Bascompte, J., P. Jordano, C. Melian and J.
Olesen, 2003. The nested assembly of plant—
animal mutualistic networks. Pro. of the
Nation. Acad. of Sci. of the Uni. Stat. of
America., 100: 9383-9387.

[73]. Mitchell, R., R. Flanagan, B. Brown, N.
Waser and J. Karron, 2009. New frontiers

67



Plant Bulletin Vol 2, (1) 2023: 59-68

ISSN: 2959-3379 (Print), 2959-3387 (Online)

in competition for pollination. Annals
of.Botany., 103: 1403-1413.

[74]. Rathcke, B., 1983. Competition and
facilitation among plants for pollination.
Pollination biology (pp. 305-329).
Academic Press: London, UK.

[75]. Waser, N., 1983. Competition for
pollination  and  floral  character
differences among sympatric plant
species: A review of evidence. Handbook
of experimental pollination biology (pp.
277-293). Scientific and Academic
Editions: New York, USA.

[76]. Galen C, Gregory T. 1989. Interspecific
pollen transfer as a mechanism of
competition: Consequences of foreign
pollen contamination for seed set in the

https://doi.org/ 10.55627/pbulletin.002.01.0408

alpine wildflower, Polemonium viscosum.
Oecologia. 81(1):120-123.

[77]. Morales, C. and A. Traveset, 2008.
Interspecific pollen transfer: Magnitude,
prevalence and consequences for plant
fitness. Crit. Rev. Plant Sci., 27: 221-238

[78]. Wilcock, C. and R. Neiland, 2002.
Pollination failure in plants: Why it happens
and when it matters. Trends in Plants
Science., 7: 270-277.

[79]. Montalvo, A.M., 1992. Relative success of
self and outcross pollen comparing mixed-
donor and single- donor pollinations in
Aquilegia caerulea. Evolution., 46: 1181—
1198.

68



