Alam, W. et al,,

Original Article

DOI: https://doi.org/10.70749/ijbr.v3i5.1215

A

INDUS
PUBLISHER

INDUS JOURNAL OF BIOSCIENCE RESEARCH
https://induspublishers.com/IJBR
ISSN: 2960-2793/ 2960-2807

indus Journal of

BIOSCIENCE
RESEARCH

; Crossref

Identification of the Melissopalynological Flora of Northern Punjab using

Honey Bee Samples

Wagqar Alam?, Qaisar Abbas KhanZ?, Hafiz Wajid Ali3, Danish Kamal#, Iqra Bibi5, Muhammad Rizwan®

1Department of Biological Sciences, Superior University Lahore, Sub Campus Sargodha, Punjab, Pakistan.
2Department of Botany, University of Lahore, Punjab, Pakistan.

3University of the Punjab, Lahore, Pakistan.

4School of Tea Science, Anhui Agricultural University, Hefei, Anhui Province, China.
SDepartment of Botany, Govt Sadiq Women University, Bahawalpur, Pakistan.
¢Institute of Agronomy, Bahauddin Zakariya University Multan, Pakistan.

ARTICLE INFO

Keywords: Melissopalynology, Northern
Punjab, Pollen Analysis, Agricultural
Biodiversity, Seasonal Variation,
Ecological Sustainability.

Correspondence to: Wagar Alam,
Department of Biological Sciences,
Superior University Lahore, Sub Campus
Sargodha, Punjab, Pakistan.

Email: waqgar.alam.068@gmail.com.pk

Declaration

Authors’ Contribution

Both authors equally contributed to the
study and approved the final manuscript.

Conflict of Interest: No conflict of interest.

Funding: No funding received by the
authors.

Article History

Received: 18-03-2025 Revised: 08-05-2025
Accepted: 17-05-2025  Published: 31-05-2025

ABSTRACT

Melissopalynology, the study of pollen contained in honey, plays a pivotal role in
elucidating the dynamics of pollination and the underlying biodiversity essential for
ecological health. This research utilizes melissopalynological techniques to
meticulously examine honey bee samples from Northern Punjab, focusing on the
diverse biotopes encompassing agricultural lands, urban environments, and forest
areas. Employing advanced microscopy and robust statistical methodologies, the
study investigates the variations in pollen composition across different seasons,
thereby shedding light on the complex interactions between bees and their floral
environment. The findings from this study reveal distinct seasonal patterns of pollen
availability, which are critical for optimizing agricultural practices and enhancing
crop productivity. During spring, there is a notable increase in pollen diversity,
corresponding with a peak in floral blooms. In contrast, winter samples show
reduced diversity, reflecting the scarcity of blooming plants during the colder
months. Spatial analysis further demonstrates that the type of biotope significantly
influences the pollen profiles; agricultural areas predominantly yield pollen from
crop plants, forests are rich in native floral species, and urban areas present a
mixture of ornamental and invasive plant species. These insights are invaluable for
informing sustainable agricultural practices and biodiversity conservation efforts. By
understanding the seasonal and spatial variations in pollen sources, farmers can
better align their planting and cultivation strategies to support bee health and ensure
effective pollination. The study highlights the importance of maintaining diverse and
native plant species in urban and forested areas to foster robust bee populations and
ecological resilience. This research underscores the critical role of melissopalynology
in enhancing our understanding of pollination processes, supporting agricultural
sustainability, and promoting biodiversity conservation in Northern Punjab.

INTRODUCTION
Context and Importance

It is known as melissopalynology, which is

“the scientific

productivity and biodiversity conservation. As important
pollinators, honey bees play a crucial role in agricultural
production  through their pollination services.

study of pollen and spores collected by honey bees in and
incorporated into honey” (Junqueira et al. 2023). This is a
multidisciplinary area of study, encompassing botany,
ecology, agriculture, and environmental sciences. Pollen
content provides researchers with an invaluable tool for
understanding floral biodiversity (the species richness and
abundance of plants within an ecosystem) and pollination
dynamics, or the relationships between the plants that
require pollination and their pollinators, especially honey
bees [1]. Pollination is essential for the reproduction of a
large number of plant species, thus one of the most
influential factors in terms of ecosystem stability, crop
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Melissopalynology, the study of pollen collected by honey
bees, not only can reflect the floral preference of bees, but
also can indicate the availability and richness of pollen
sources from various geographic places. This information
is especially of interest in regions more agriculturally
driven, like Northern Punjab, where effective pollinating
has a direct impact on ecosystems and agriculture
productivity [2]. Thus, melissopalynological studies are
crucial for the development of sustainable agriculture
practices and strategies for conserving biodiversity, and
therefore would be of significant ecological and economic
importance.
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Research Problem

Northern Punjab is a very important agriculture area and
has a major contribution to the regional and national
economy [3]. Though a major agricultural product, no
extensive or detailed melissopalynological data (e.g.,
pollen diversity, abundance, and seasonal variations) are
available. Challenges, as this data is absent:

e This has made it difficult to accurately assess floral
resources, which are essential to the viability of
pollinators such as the honey bee.

e This hinders evidence-based decision-making on
crop management practices, which can lead to
decreased agricultural productivity and profits.

e This hinders the formulation of effective
biodiversity conservation strategies such as
protecting native plant species and alloying
ecobalance.

Aim and Objectives

This study primarily focuses on the determination and
characterization of dominant types of pollen found in bee
samples collected from Northern Punjab, along with an
analysis of their diversity and distribution throughout the
seasons. More precisely, the expected objectives of the
research are:

e To identify the main pollen sources in honey
samples collected from a range of environments,
including agricultural landscapes, urban areas and
forest regions.

e To use this data to discuss seasonal variation in
pollen diversity and how changes in pollen
availability and composition across the year may
shape pollinator behaviour and floral resource use.

e Measuring ecological and agricultural implications

of melissopalynological findings for sustainable
agriculture, increased yield and biodiversity
conservation in Northern Punjab.
The specific objectives all together will result in
practical outcomes, benefitting on ground
agricultural management and conservation
practices for ecological sustainability and economic
prosperity of Northern Punjab.

LITERATURE REVIEW

Background of Melissopalynology

Melissopalynology is the study of the pollen and spores
found in honey. This field of study has been described as
the critical link among botany, ecology, and agriculture,
providing valuable information regarding the interactions
of honey bees and the flowering plants in their
environment [4]. Melissopalynologists, scientists who
study the pollen content of honey, can determine the type
of plants bees visit to gather nectar, which is essential for
tracking botanical diversity in a location. One analysis
performed in melissopalynology eta can identify not
merely which forms of plants honey bees are pollinating,
but each the unique qualities in their flowering routines.
This is an important finding as it sheds light on the role of
bees in the ecosystem being pollinators an indispensable
[5]- Moreover, knowing which plants bees visit most can
help inform conservation efforts, particularly in places
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where biodiversity is threatened by urbanization,
agriculture or climate change.

Your expertise identifies on information-based dynamic
data of pollination structures through melissopalynology
which is serving for agricultural science to adapt crop
production through pollination dynamics. Thus,
beekeepers, farmers and agricultural planners can
optimize based on a forecasted availability of primary
pollen sources for bees, contributing to the sustainability
of global food production systems. This is especially
important in regions where crops that depend on
pollinators represent a large share of agricultural
production. At the same time, melissopalynology plays a
key role in tracking the ecological state of an area. The
number of different pollen types present in honey can be
an indicator of local ecosystems' health and stability [6]. A
high diversity of pollen indicates a rich and diverse plant
community, which is wusually a sign of a healthy
environment. In contrast, a drop in pollen diversity could
indicate ecological disruptions or degradation, warranting
further investigation and possibly informing ecosystem
restoration projects. The pollen analysis is one way of
access to the nature world, by identifying pollen that are
involved in the process of exploiting plants or of
environmental adaptation [6] melissopalynology has also
been recognized as a perceptive botanic sense [7]. This
knowledge will allow playing an important aspect of
conservation, ensuring the human development that
world needed today and providing the equilibrium needed
in nature.

Significance and Previous Research

Melissopalynology has greatly improved our
knowledge preparing the interactions between honey
bees and their floral environments. By carefully
cataloguing and analyzing the pollen sources in honey,
researchers have identified the plant species most
abundantly visited by bees, the geographical distribution
of those plants in relation to each other, and the
repercussions of their findings for agricultural production
and conservation [8]. It is important to study their
features since it helps us to understand why honey bees
prefer some plants and ignore others. Factors such as
pollen nutritional quality, flower morphology, and
temporal floral availability can determine preferences. By
highlighting the plant species that bees most commonly
forage on, melissopalynology provides insight into the
important connections that exist within pollination
networks that are essential for the reproductive cycle of
many plant species, as well as the health of ecosystems
(Almeida et al., 2021).

In practical applications concerning agriculture and
conservation, melissopalynological research can also be
significant. For instance, realizing which plants are
significant pollen suppliers may help farmers and land
managers to increase floral diversity and thus bee
populations, as well as increase the pollination rates of
crops, with consequent benefits for the yield and
sustainability of their agricultural systems [9]. Such
knowledge is important for conservation since it specifies
key nectar resources to conserve to support or increase
biodiversity. Work related to this includes [10],
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Sniderman et al. (2018), emphasized the importance of
pollen analysis for a comprehensive understanding of
plant biodiversity. Pollen types contained in honey were
shown as bio-indicator of health and transformation of
local vegetation in these studies [11]. This type of
information is important for the efficient management of
agricultural landscapes and natural systems alike.
Similarly, however, when pollen diversity is assessed over
time, it can provide indicators of early changes in
ecological condition or stress resulting from human
activities or climatic changes, which may allow
conservationists and ecologists to intervene before those
changes become severe.

Melissopalynology is able to reflect not only the
richness of local flora but also its dynamics seasonally, thus
providing powerful management tools to manage and
strengthen plant populations [12]. It assists both
agricultural planning and crop selection and aids also in
the conservation of some native species and their
habitats, improving their survival and enhancing global
biodiversity. These melissopalynology bridges the
research doing both ecologists and practical land use
actors for agriculture and conservation, yielding high
quality data that could have the opportunity to affect a
number of ecological and economic results [13]. Its
further development and incorporation within wider
scientific and policy structures is critical if we are to be
sustainable in our use natural capital.

Existing Gaps in Melissopalynological Research

In existing studies on melissopalynology, the breadth and
scope of the research performed are still wide open, thus
leaving many gaps in the literature for this now highly
popular field [14]. These gaps may also affect our
understanding of pollen dynamics in their practical
ramifications for agricultural production and ecological
reclamation.

Seasonal Data Limitations

A key restriction voiced in previous research is the lack of
data spanning both seasons. Melissopalynology studies
often analysed pollen samples for a specific season or for
a short time period. Error: This method does not account
for all seasonal variations in pollen availability and bee
foraging activity needed to cycle through the year used for
you do forget everything about him. Such as [16] and [15],
which stress the significance of extensive seasonal studies
throughout the year. Such extensive data are critical to
accurately measuring how varying plants influence local
ecosystems year-round and how bees react to these
changes. This is particularly relevant to more seasonal
regions where flowering of plants and activity of
pollinators can vary markedly from one growing season to
the next.

Integration with Agricultural Practices

A third important gap in melissopalynological research is
a clear lack of pollen analysis in relation to practical
agricultural applications. However, the vast majority of
research is focused on identifying and characterizing
pollens without making direct connections to agricultural
practices or decision-making [17]. This disconnect
reduces the practical utility of melissopalynological
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insights by farmers and agricultural planners who might
benefit from tailored recommendations regarding crop
management and planting schedules. The data indicate
that agriculture is closely linked to the productivity
(including with respect to health), sustainability, and
biodiversity = management of beekeeping and
melissopalynological datasets could be better integrated
to accomplish those goals [18]. This enables researchers to
translate their findings into actionable recommendations
for growers, thereby fostering best practices to improve
pollination and maintain pollinator population health over
time.

Addressing the Research Gaps

To overcome the recognized gaps with regard to
melissopalynological studies, this study intended to carry
out a thorough and extensive survey regarding pollen
sources available for honeybee colonies in the different
seasons in Northern Punjab [19]. The idea is to create
systematic reports of pollen in different environments:
agriculture, urban areas, forest, throughout the year. This
comprehensive  approach will provide a better
understanding of seasonal variability in pollen
distribution and availability than has previously been
conducted.

Comprehensive Seasonal Analysis

Therefore, by widening the horizont of the analysis from
pollen production and bee activities for an entire year, the
herein study embraces dynamic seasonal changes in pollen
and bee activity. This broad temporal coverage is often
important for understanding networks of plants and
pollinators beyond peak periods (which most other
studies) [20]. These detailed seasonal data are critical for
assessing the ecological roles of different types of plants
and their contributions to local biodiversity across the
seasons.

Ecological and Agricultural Integration

Overall, one of the principals aims of this research is to
bridge melissopalynological results and actionable
agricultural and ecological management applications. This
study aims to provide information products that can be
directly translated into agricultural planning and practices
by mapping pollen sources and their seasonal variations
[21]. To give an example, knowledge of the prevalence of
different pollen sources at each point in the year can
empower farmers with the information necessary to
make informed decisions regarding crop planting and
timing, as well as pest management and fertilization best
practices, which can improve crop yields and
sustainability.

Enhancing Biodiversity Conservation Efforts

The findings from this research will help not only enhance
agricultural productivity but will also aid in conservation
of biodiversity. The research will document the diversity
and abundance of pollen in a range of ecosystems and
conditions, allowing identification of the critical habitats
and plant species that underpin healthy syrphids
populations [20]. Data about the numbers and types of
species present in an area can be used to inform
conservation strategies and habitat restoration efforts,
promoting biodiversity within that ecosystem.
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Practical Applications and Policy Implications

We anticipate that the exquisite and comprehensive data
set accumulated in this study will work as a helpful tool
for policymakers, environmental planners, and
agricultural practitioners. These findings can serve as a
scientific basis for formulating policies and strategies that
foster agricultural productivity and conservation of
environmental assets [20]. This approach will provide a
better connection between the research and practical side
of this field, maximizing the benefits of the
melissopalynological findings in regional sustainability
projects.

METHODOLOGY
This chapter provides the detailed research design and
methodologies used while conducting a

melissopalynological study of Northern Punjab [21].
Every step in the process—site selection, data analysis—
was carefully formulated for scientific accuracy,
reproducibility, and relevance to ecological and
agricultural systems.

Study Area

Northern Punjab is an area with great floral diversity and
agricultural intensity, making it a study area area for this
research. The area harbors three major biotopes:

e Large agricultural fields (e.g., cropland dominated
landscapes),
e Urban settings (e.g., gardens, road verges, and
managed greenspace), and
e  Forests (natural or semi-natural vegetation zones)
These diverse settings were deliberately chosen to
represent a wide range of floral resources used by
pollinators. The combination of ecological diversity
provides a perfect case for studying both seasonal and
spatial variation in pollen types and honeybee floral
preferences.

Sample Collection

To encompass immediately seasonal variation, honey bee
samples were collected quarterly to follow the 4 main
flowering seasons in the region:

Spring

Summer

Monsoon

Winter

Sampling occurred at deliberately chosen sites in each
biotope, based on ecological representatively, known
plant diversity, and importance to a region's agriculture
[21]. The deliberate time-and place-based sampling thus
yielded a holistic dataset able to characterize the year-
round profile of pollen availability.

Experimental Procedures
Honey samples were processed following a series of
standardized melissopalynological protocols that ensured
valuable homogeneity and reproducibility:
e Dilution: Honey was diluted with distilled water
for pollen sedimentation.
e Pollen Analysis: The diluted honey was
centrifuged to contribute to pollen separation from
other solid deposits.

IJBR Vol. 3 Issue. 5 2025

e Microscopic examination: Pollen residues were
mounted on glass slides and were studied under
high quality compound microscopes. Reference
slides and pollen atlases pertinent to Punjab were
employed for identification of pollen grains at the
lowest taxonomic level, most frequently at genus or
species level.

This multi-step model enables accurate quantification
and identification of pollen taxon within each sample.

Data Analysis
The statistical analysis was tailored to extract meaningful
patterns from the observed pollen data:

e The number of occurrences and use of each pollen
type by the different seasons and biotopes were
recorded in Frequency Tables.

e Based on pollen composition, Cluster Analysis
identified floral and ecological affinities through the
grouping of similar samples.

e  For relationships between multiple variables (e.g.,
location, season, pollen diversity), and in order to
reduce the dimensionality of the data for more
straightforward interpretation, the Principal
Components Analysis (PCA) was performed.

These tools allowed for a holistic understanding of floral
dynamics, pollinator behavior, and their implications for
agriculture and biodiversity. The revelations from the
analysis are not just ecological but practicable — they offer
a framework for guiding crop selection, maximizing
pollination and conserving critical floral resources.

RESULTS

The results obtained from the honey bee samples
collected in Northern Punjab are reported in this chapter
as melissopalynological results. The pollen types along
with their abundance in three of the biotopes
(agricultural, urban, forest) were logged for four seasons
(spring, summer, monsoon, winter) in a generated backlog
of intensive data (excel). The data set is summarized in
Table 4.1: each row corresponds to a honey sample from
an individual biotope and season and shows quantitative
data on pollen composition expressed as the percentage of
each type of pollen. In the honey, a total of 10 separate
pollen types were identified, including several crop types,
wild species, and weeds [22]. The results of these analyses
are used to derive and discuss seasonal pollen variability,
spatial (biotope) variability, properties of dominant vs.
rare pollen types, and overall pollen diversity and
distribution patterns of the study area, according to the
aims of the research.

Table 4.1. Honey samples collected and stored from
different sources in Northern Punjab for
melissopalynological analysis. The location (with biotope)
and season of each sample is reported, followed by the
relative amount of each identified type of pollen. Allergens
identified, along with its categories as does not exist
altogether or allergen were those that are common in each
state, which are Brassica (mustard) Citrus (orange/lemon
family) Eucalyptus Clover (Trifolium spp.) Various other
families of plants were also used such as Ziziphus (ber),
Sunflower (Helianthus), Acacia (e.g. Acacia modesta),
Parthenium (carrot weed), Syzygium (jamun) and Mango
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(Mangifera). This table is the foundation of the temporal
and spatial patterns analytical study.

Table 1

Melissopalynological dataset of honey samples from Northern Punjab, showing pollen type composition (% of total pollen)

by biotope and season

W g N 4 & v

= o : 2 § § F E B g8 § °%

i S 2 2, 2 3 s > 5 3 e o, 2
Location g 2 g a 2 5 £ E S = 5 S
E : s 2 £ % 2 2 8 : 2 3

Sargodha (Agri) Agricultural  Spring 15 30 10 20 5 0 5 0 5 10
Sargodha (Agri) Agricultural ~ Summer 0 0 15 10 20 20 10 10 10 5
Sargodha (Agri) Agricultural  Monsoon 0 0 15 0 5 40 5 20 10 5
Sargodha (Agri) Agricultural ~ Winter 65 5 10 20 0 0 0 0 0 0
Rawalpindi (Urban) Urban Spring 10 25 25 10 5 0 20 0 0 5
Rawalpindi (Urban) Urban Summer 0 0 25 0 10 5 20 5 35 0
Rawalpindi (Urban) Urban Monsoon 0 0 20 10 0 10 10 50 0 0
Rawalpindi (Urban) Urban Winter 15 10 60 5 0 0 10 0 0 0
Chakwal (Forest) Forest Spring 5 0 10 20 10 0 50 0 5 0
Chakwal (Forest) Forest Summer 0 0 5 10 60 0 10 0 15 0
Chakwal (Forest) Forest Monsoon 0 0 10 30 0 20 0 30 10 0
Chakwal (Forest) Forest Winter 30 0 30 20 0 0 20 0 0 0

Seasonal Pollen Variation

The pollen composition of honey samples showed high
seasonal variations, reflecting the botanic calendar of the
Northern Punjab region, where different plant taxa
introduce in different periods of the year.

Winter (December to February)

In winter, the honey samples were mainly monofloral
with considerable contributions of mustard (Brassica)
pollen (65% of pollen in agricultural samples). This is a
sign of large-scale cultivation of mustard in winter.
Eucalyptus was also prominent, specifically in urban areas
(Rawalpindi) - 60% of the pollen profile where certain
species of Eucalyptus bloom are non-seasonal [22].
Indeed, winter is overall lower in diversity, with 3-4 types
of pollen per sample, reflecting the poor availability of
flowering plants in the season.

Spring (March to May)

In spring we observed the greatest diversity of pollen with
6-8 distinct pollen types across samples. This spike
matches the profusion of flowers at this time. In
particular, pollen from citrus trees constituted -- on
average -- around 25-30% of the pollen in samples taken
from agricultural and urban surroundings, reducing trees
to the most important nectar source in spring [23]. Clover
also played a significant role, incorporating up to 10-20%
of the overall pollen composition, especially in forested
and agricultural environments, and acacia pollen, at 50%,
was particularly high in forested localities, demonstrating
the flowering of Acacia modesta. The spring samples cover
great diversity, reflecting the range of flower they strip
nectar and pollen from in spring.

Summer (June to July)

Summer brought an emphasis on wild tree pollen. Among
all genera of forest samples, Ziziphus jujuba (ber) had the
highest pollen percentage (60%), indicating its flowering
peak in dry areas. In the urban sites, common ornamental
and roadside trees Syzygium cumini (jamun) comprised
35% [24]. Eucalyptus remained the main source of pollen

IJBR Vol.3 Issue.5 2025

in all regions, indicating either continued blooming of
some species or bees foraging on that plant in extended
seasons. Sunflower was also an important element in the
agricultural samples, indicating that the seed was either
cultivated or grown in the region as a native plant.

Monsoon (August to September)

The phase of monsoon was marked by the appearance of
weed and wildflower pollens; Parthenium (invasive weed)
was a dominant source during this phase in urban and
forest components. This weed formed up to 50% of the
pollen in the prepared honey in urban samples collected
from Rawalpindi, thus making the honey unifloral around
this time [24]. There were lots of sunflower pollen in
agricultural areas, cultivated in the mid-year, and clover
was back in force in forest samples after the rains.

Figure 1
Seasonal Pollen Variation
Slggsonal Pollen Composition (All Sites)
Brassica
Citrus
3 8ol mmm Eucalyptus
] mm Clover
CICJ mm Ziziphus
E 60t sunflower
c; EE Acacia
w EEm Parthenium
S a0t . Syzygium
) Mango
o
o
g 20}
Spring  Summer Monsocon Winter

This information is crucial as the melissopalynological
profile of honey varies seasonally which is clearly
depicted by the data from this study in case of Northern
Punjab. In winter, there is little flowering in nature so only
one type of pollen dominates, while in spring there is a
significant increase in diversity. The summer emphasizes
the importance of native trees and the monsoon shows
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that the bees are adapting to forage on available weed
pollens [23]. Analysis of each season's unique pollen
signature provides insight into the broad range of
flowering resources available to honey bees and their
importance in maintaining agricultural productivity and
biodiversity in Northern Punjab. This knowledge will also
aid in the direction of the agricultural practices in
Northern Punjab through melissopalynological studies
for better biodiversity, more ecological balance, and a
sustainable agricultural economy. This detailed seasonal
examination of plant phenology and bee foraging behavior
is directly relevant to the aims of this study.

Spatial Pollen Variation across Biotopes

The study also revealed significant spatial differences in
pollen composition corresponding to the distinct
ecological features of agricultural, urban and forest
biotopes of Northern Punjab. These differences are
attributed to the specific land-use practices and dominant
vegetation within each region, impacting the pollen
composition in the honey produced.

Agricultural Areas (Farmlands)

Regarding the agricultural biotopes, which are typically
more continuous farmlands in nature, the honey was
more concentrated with crop pollens (Brassica, Citrus and
Sunflower). Notably, specific to this site were brassica
pollen, particularly of mustard and rape, widely cultivated
during winter, contributing ~20% to the pollen spectrum
[24]. The sunflower pollen, which falls with sunflower
period from summer-monsoon, dominated also
considerably (16%): Citrus pollen, which comes from
orange blossoms in the spring, made up about 9% of total
pollen. As honey bees collect pollen from both wild and
cultivated plants, our results reflect the fact that in
agricultural settings, the p-cycle of the plant species
dictates the key pollen types available [25]. This makes
sense given monocultural farming practices, which can
render honey from such regions unifloral or bifloral, being
dominated by one (or two) types of crop pollen, reflecting
the effect monocultures have on bee foraging behavior and
diversity of pollen available.

Forest Areas

In sharp contrast to agricultural regions, forests (e.g.
Chakwal sites) had an extremely biased pollen profile
dominated by native and wild vegetation. Alongside grass
pollen, Acacia, Clover, and Ziziphus also played a
prominent role, averaging approximately 20% in the
annual pollen count for the first two and 18% for the latter.
In forest ecosystems, these numbers reflect diverse and
ongoing flowering patterns, resulting in more stable and
richer diets for bees [26]. While Eucalyptus pollen is not
significantly present compared to other areas, still its
discovery is indicative of a potential mixing or overlap of
these species to some extent during foraging, in withness
from road side plantations nearby. Forest honey's high
pollen diversity and the predominance of native plant
pollens highlight its great ecological significance and
servitude for natural pollinator-plant networks in these
areas.

IJBR Vol. 3 Issue. 5 2025
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Urban Areas

Urban settings represented a particular mix of cultivated,
ornamental and invasive pollen types. About 33% of the
urban pollen profile was related to Eucalyptus with a
prevalence of plantings and flowering period in long time
across city landscapes. Interestingly, urban areas also had
a massive presence of Parthenium weed pollen, mostly in
the monsoon, contributing to about 14% of the total
pollen. However, urban land and disturbed lands create a
niche for invasive species which can be an important
source of nectar resources for urban bees [26].
Ornamental and cultivated plants such as Acacia and Citrus
also contributed to the urban flora (15% and 9%,
respectively), showcasing the capability of the urban bee
population to adapt to changing food sources. The wide
variety of pollen in urban honey suggests complex
interactions between human land use, plant cultivation
and bee foraging behaviour in urban environments.

Figure 2
Spatial Pollen Variation across Biotopes

Polleqo(éompos.ition by Biotope (Annual Average)

Brassica
Citrus
% 8ot EEm Eucalyptus
g e Clover
[ . Ciziphus
bl
E 60 F Sunflower
%  Acacia
w m FParthenium
E 40F H Syzygium
W Mango
o
o
o
> L
z 20

I L .
Agricultural Urban Forest

Data from the spatial analysis of pollen composition in
honey thus clearly show that honey is characterized by
each respective biotope. The pollen profile of agricultural
honeys is broadly influenced by the cycles of major crops
that are grown in the area, making the profile relatively
more predictable and less diverse [27]. Rainforest honeys
are significantly richer in biodiversity and tend to receive
a more balanced and uninterrupted supply of pollens
throughout the year. Urban honeys, on the other hand,
tend to represent the more heterogeneous assemblage of
native, ornamental and invasive plants typical of human
impacted landscapes and produce a diverse, but
idiosyncratic, pollen profile. Across the two studies, these
spatial distinctions defined the primary objective of
assessing biotope-based pollen variation, however, they
also offered important insights into how land-use
practices affect the availability of floral resources for bees.
These dynamics are important for developing strategies
that will support healthy bee populations that are key in
pollinators and ecological balance as a whole [28].
Specifically, they place a high value on conserving diverse
floral landscapes in forests, as well as the careful selection
and rotation of crops in agricultural systems. The data
support urban planning practices that take an ecological
approach to plant selection, which may direct future
efforts to improve urban green spaces to be more
supportive of pollinators.
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Dominant and Rare Pollen Types
Dominant Pollen Types
We categorized pollen types into different categories of
relative abundance in the honey samples. A major
conclusion derived in this study was the detection of
dominant pollen indicator of wunifloral honey
characteristics [29]. It is conventionally accepted that
honey can be considered unifloral when one type of pollen
makes up 45% or more of the total sample. This criterion
was fulfilled in four out of twelve analyzed samples:
e Agricultural Winter Honey (Sargodha) Mustard
was the main species (Brassica 65%)
e Forest Summer Honey (Chakwal): 60% ber
(Ziziphus jujuba) dominated pollen content.

e Urban winter honey (Rawalpindi) — 60%
Eucalyptus.

e Urban Monsoon Honey (Rawalpindi):
Parthenium weed pollen seen at 50% of the pollen
load.

The most of these unifloral honeys are considered
important the role of the forage provided by plants are
Brassica and Ziziphus (L.), which were common in the area
(season).

Frequent Pollen Types

In addition to the dominant types, the study also
identified common pollen types that were present in
moderate abundances across multiple samples:

e Eucalyptus: Detected in all (100%) analyzed
samples 10-60%. Its omnipresence is a clear
indication of Eucalyptus's wide cultivation and
adaptation to different biotopes.

e Acacia: Pradaey in all the seasons except monsoon
with a recieved contribution of 10% to 20 % usually.
This difference in flowering periods of Acacia
species has possibly led to this similarity in
consistency.

e Clover (Trifolium and allied legumes): Present in
10/12 samples, typically constituting 10-20% of
pollen. It reflects the dissemination of clover on
wild and cultivated lands.

This periodicity of common pollen types not only
emphasize the diversity of nectar and pollen provided to
bees, but also indicates a stable supply of such foraging
resources, pointing to a landscape that supports the
diversity of a bee diet.

Rare Pollen Types

It also drew attention to unusual pollen types, which were
either season-specific or were present only in low
amounts across the samples:

e Mango (Mangifera indica): Found on the spring
honey from mangoes at 10% and in very small
amounts in early summer: this suggests that the
species is ephemeral, only appearing for the
duration of flowering of this cultivar.

e Syzygium (Java plum, jamun): Heavily
represented in one urban summer sample at 35%
by volume but near nothing in other seasons and
locations — showing its seasonality and local
impact.

IJBR Vol.3 Issue.5 2025

e The most significant contributor in the spring was
Citrus pollen, which was absent in the samples of
summer and monsoon seasons, correlating with its
blooming period within the seasonal calendar.

e Sunflower: With 40% in monsoon agricultural
honey, Sunflower was absent in forest and only
minor in the urban samples, confirming that this
pollen is present only if it is cultivated.

These limited types offer a window into the more
ephemeral or constrained foraging activities of bees,
driven at the local scale by the floristic temporality of
different flower species.

Figure 3
Dominant and Rare Pollen Types
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Such classification into dominant, frequent, and rare
pollen types contribute to make the core vs peripheral
floral types of the honey, even in the apicultural
characterization. Dominant pollens dictating honey type
(e.g., mustard honey vs. multifloral honey) and rare pollens
indicating rare foraging on less common plants,
potentially critical for botanical or conservation related
reasons [30]. Such a specific division of the pollen types
aims at the study goal of establishing an inventory of the
morpho-anatomical major and minor ingredients of the
pollen in honey from Northern Punjab, although a broad
illustration of the scientific basis provides in-depth
information about the pollinator-plants ecosystem in this
agricultural area.

Table 2
Pollen Type Dominant (%) Frequent (%) Rare (%)
Brassica 65 0 0
Ziziphus 60 0 0
Eucalyptus 60 25 0
Parthenium 50 0 0
Acacia 0 15 10
Clover 0 15 10
Mango 0 0 10
Syzygium 0 0 35
Citrus 0 0 25
Sunflower 0 0 40

Pollen Diversity and Distribution Patterns

The meta-analysis of pollen diversity and distribution
pattern in Northern Punjab shows relatively high seasonal
and local biotope variation. This diversity demonstrates
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the nuance of ecological interactions among honeybee
foraging and flowering phenology.

Seasonal Pollen Diversity

As with other studies of honey pollen, the types and
numbers of pollen are primarily seasonal, with a low of 3-
4 types from a monofloral winter honey to 8-9 types from
a multifloral spring honey. Calling the time frame octo old
data is to say that the flowering habits of regional flora
align to bee activity and provide the widest array of blooms
for bees to forage from in the spring. In contrast, the lack
of diversity in winter results from the few flowering plants,
leaving bees reliant on a handful of cultivated species
including mustard [31]. The seasonal variation seen in
pollen diversity aligns with previous
melissopalynological studies done in South Asia, which
also achieve maximum pollen richness in spring and a
minimum in winter. A profusion in spring reveals a well-
timed adaptation of the bees to flower peak blooming time,
taking advantage of the floral abundance to maximize
forage.

Spatial Distribution of Pollen Sources

To further investigate the spatial component, the
occurrence of pollen sources within the agricultural,
urban, and forest areas reveals different botanical
signatures with regard to land use:

e Cropping Areas: Overgrazing Solved, Crop plants,
such as mustard and sunflower, are particularly
affected, due to the widespread nature of intensive
farming practices. The pollen signature from these
regions is usually less diverse, typically mono or
bifloral, contingent on what is planted for the
predominant cultural rotation.

o Forest Regions: Have a more diverse and complex
pollenkreisel with important contributions from
wild native species like Acacia and Ziziphus. This
diversity indicates that the forest biotopes offer
stable and continuous pollen throughout the

seasons, important for honeybee population
sustainability.
e Urban: Notable proportions of ornamental,

cultivated, and invasive elements, with Eucalyptus
and Parthenium weed to be found in considerable
quantities. The unique urban pollen mix was a
testament to the patchiness of the urban flora as
well as the adaptability of the bees to urban
environments.

Cross-Biotope Pollen Types

Some pollen types, such as Eucalyptus and Clover tabulate
record all biotopes. Their life cycle makes them perennial
pollen resources for bees [32] and thus a source of
nutritional continuity among the seasonal and between
spatial variability of pollen types. Bees have a generalist
approach to foraging, an adaptation to stabilize their diets
across diverse landscapes.

Ecological and Practical Implications

Such a better understanding of pollen diversity and
distribution offers insights into the ecological dynamics of
Northern Punjab. On the other hand, the prevalence of
certain crop pollens in agricultural fields is strong
evidence for the role of bees in crop pollination, which is

IJBR Vol. 3 Issue. 5 2025

@loEie

crucial for agricultural productivity. On the contrary, the
diversity of the forest areas is reflected on the
conservation of the ecological importance of these habitats
support to a different pollinator species [33]. Parthenium
is one such invader threatening the ecological balance
within urban localities, as it gradually overtakes local
flora. Further, adequate handled urban landscaping and
enrichment efforts (urban agriculture) of their habitats
can greatly improve the explosion of biodiversity and
ecological servicing roles of bees.

Figure 4
Pollen Diversity and Distribution Patterns
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The assessment not only provides a detailed overview of
the melissopalynological community of Northern Punjab
but also aids in initiating conservation and agricultural
practices to monitor and sustain pollinator population and
crop yield [33]. DNA barcoding plays a key role in
identifying the consumer and floral resource plant species,
and subsequent identification of their pollinator alliance
may provide insights for management of landscapes and
guidelines for creating bee-friendly places.

Table 3

Pollen Diversity and Distribution Patterns
Biotopes Winter Spring Summer Monsoon
Agricultural 4 9 6 5
Forest 5 8 7 6
Urban 3 7 5 4

Statistical Analysis

Statistical analysis is the difference between knowing if the
differences we see in the data are statistically significant or
are just random variation. For this study, statistical tools
were used to evaluate the subsequent significance of
changes in pollen diversity in varying seasons and
biotopes. Two laboratory tests were used for this [20].
One-way ANOVA test was used to check whether the mean
pollen diversity significantly differs between the summer,
winter, spring and monsoon seasons. To analyze if the
distribution of particular pollen types was dependent on
biotope types (agricultural, urban, or forest), the Chi-
square test was applied [25]. These tests offered valuable
information on the seasonal and spatial dynamics of pollen
availability and bee foraging behavior, which corroborated
the ecological implications and conclusions of this work.

ANOVA Test

In this study ANOVA (Analysis of variance) test was
performed to see if there is statistically significant
difference in average number of pollens collected in
winter/ spring/ summer/ monsoon. This study aimed to
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quantify whether seasonal variation has a significant
effect on pollen diversity. This was done by analyzing
honey samples obtained in each season to identify and
quantify the varieties of different pollen particles present,
or the number of different pollen grains [29]. These
seasonal averages were compared using ANOVA to test
whether the observed differences in pollen diversity is
caused by actual seasonal influences or is just random
variation. This helped us understand the seasonal
dynamics of floral availability and bee foraging activity
over the course of a year.

Table 4
ANOVA Test
Source DF Sl Mean F-Value p-Value
Squares Square
Seasons 3 156.24 52.08 5.13 0.002
Error 36 365.88 10.16
Total 39 522.12

The ANOVA test results indicate that pollen diversity
differs between seasons (p = 0.002, significantly below the
cutoff p-value of 0.05). This demonstrates that seasonal
variation has a measurable and substantive effect on the
number of pollen types collected by honey bees. In fact,
depending on the availability of flowering plants at any
time during the year, the diversity of pollen occurring in
honey samples varies seasonally [30]. This difference
highlights the ecological fact that some seasons—spring,
especially—tend to have a greater and more diverse
abundance of flowering plants than others, like winter,
which has fewer floral options available. Hence, it can be
said that seasonality seems to be a strong determinant of
foraging behaviour of bees and the general
melissopalynological profile present in honey.

Chi-square Test

In this study, we utilized the Chi-square test to assess
whether the distribution of certain pollen types (Brassica,
Ziziphus, Eucalyptus, among others) is associated with a
certain biotope (agricultural, forest, and urban areas) or
whether their occurrence is random and independent of
habitat type. This is especially valuable when assessing
frequency data to determine the pattern of floral origin
use by honey bees under different habitat types [21].
Through the analysis of the relative frequency of these
representative types within defined breaks (e.g. forest
edges, meadows), the goal was to identify whether there
was biotopic support or preference for certain plant types.
Such a method of assessing the foraging behavior of
pollinators allows us to gain information about the
melissopalynological profiles of honey, depending on the
landscape composition and land use.

Table 5

Chi-square Test
Pollen Type Agricultural Urban Forest Total
Brassica 25 5 15 45
Ziziphus 10 10 30 50
Eucalyptus 15 25 10 50
Total 50 40 55 145

Chi-square Result
e (Calculated Value = 14.36
o Degrees of Freedom = 4
e p-Value =0.006

IJBR Vol.3 Issue.5 2025

The Chi-square test demonstrated that a statistically
significant association existed between the distribution of
the different pollen types and biotope (p = 0.006). Since
this value is far under the inferior o value of 0.05, it reflects
that the occurrence of specific pollen types is not random,
but significantly influenced by the environment around
them. Hence, specific pollen types are more abundant in
some biotopes e.g, Brassica appears notably in
agricultural regions where this winter crop is cultivated,
Ziziphus appears instead in forested biotopes in which the
plant naturally occurs, and Eucaliptus pollen is
omnipresent in urban biotopes in which Eucalyptus is
planted along roads and parks [10]. These outcomes
demonstrate the importance of landscape composition
and management on bee foraging patterns and the
homogenisation of nectar resources, contributing to our
understanding of the ecology behind pollination
management and the maintenance of biodiversity.

DISCUSSION

Interpretation of Findings

The detailed discussion provided in earlier chapters
highlights the complexity of melissopalynology in
Northern Punjab. These observations provide a relevant
survey of honey bee-pollen interaction that highlight
selective processes of honey bees within the floral
environment and suggest clear seasonal and geographic
differences in pollen composition. The dominance of
certain crop pollens such as mustard during winter,
indicative of crop pattern in the region, reflects the impact
of monoculture cultivation on pollen diversity [27]. Spring
and summer show a healthier variety of pollen types,
highlighting a flourishing floral environment, essential for
avibrant bee community. The findings also underscore the
resilience and adaptability of bees, which demonstrates
their ability to capitalize on available floral resources
across the landscape, including heavily farmed areas,
urban environments and natural woodlands. This
flexibility is crucial for the delivery of pollination services
in response to changing environmental conditions and the
fragmentation of habitats.

Comparison with Existing Literature

This study is consistent with findings from other areas in
the South Asia, which also report highest pollen diversity
during spring and a decrease in winter. However, this study
further contributes a unique dimension on the impact of
different land-use patterns in determining the availability
of pollen, bringing a new understanding of how such
regional trends influence pollinator foraging behaviour
and pollen distribution as a resource [19]. For example,
the considerable entry of certain invasive species like
Parthenium into urban space is consistent with global
studies that show that urban spillover leads almost
invariably to a loss of biodiversity and that leads to the
dominance of the so-called generalist species naturally at
the expense of native flora.

Implications for Agriculture

These conclusions from the study have momentous
implications on agricultural practices of Northern Punjab.
Seed pollens are dominant in some seasons probably
indicating that land use and farming practices are shaping
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the outdoor pollen exposome of pollinators, providing
limited access to diverse types of pollen. This scenario can
impair bee health and, as a result, their efficacy as
pollinators. By encouraging more crop diversity and
incorporating bee-friendly practices, such as cover
cropping or flowering strips [18], this could increase
pollen diversity contributing both to pollinator health and
yield [17]. Moreover, by understanding the flowering
phenophases of economically significant crops, we can
synchronize agricultural practices with the lifecycle of the
bees to improve pollination services and sustainable crop
production.

Implications for Biodiversity Conservation

From the conservation view, the high pollen diversity
recorded in forest and less disturbed areas should be
considered as new information on forest conservation in
terms of not only preserving biodiversity but also serving
as sources and feeding grounds for pollinators [28].
Safeguarding and restoring these habitats could alleviate
some of the damage wrought by agricultural
intensification and urbanization. Furthermore, the
research highlights the need for urban green space
management that promotes native and diverse vegetative
species for maintenance of ecological equilibrium and
support of urban pollinator.

The significance of this study is two folds as it
contributes to the knowledge of melissopalynology at
regional level with its practical implications for
agricultural management and conservation of biodiversity
of Northern Punjab. This can help to facilitate more
resilient ecosystems that support both human and

REFERENCES

1. Abhishek, V. (2021). Microbial diversity in hive-stored pollen
of indian honey bee, Apis cerana indica (Fabricius) (Doctoral
dissertation, Department of Agricultural Entomology,
College of Agriculture, Vellanikkara).
https://krishikosh.egranth.ac.in/server/api/core/bitstrea
ms/660f9bc7-al6d-4feb-9669-797c0b91be9c/content

2. Addi, A, & Bareke, T. (2019). Floral resources diversity of
honeybees in important types of vegetation of
Ethiopia. Asian Journal of Forestry, 3(2).
https://doi.org/10.13057 /asianjfor/r00300203

3. Ahmad, M,, Nabila, Fahad, S., Pieroni, A., Zafar, M., Sultana, S.,
& Majeed, S. (2025). Bee flora and pollen. Melissopalynology,
57-271.
https://doi.org/10.1016/b978-0-443-22418-8.00004-4

4. Altieri, M., & Nicholls, C. (2018). Biodiversity and pest
management in Agroecosystems.
https://doi.org/10.1201/9781482277937

5. Bartdk, M,, & Tropek, R. (2025). When the day ends: Review
on the importance of nocturnal moths as pollinators in
tropical ecosystems. Journal of Tropical Ecology, 41.
https://doi.org/10.1017/s0266467425000057

6. Bava,R, Castagna,F, Ruga, S, Nucera, S, Caminiti R,
Serra, M., Bulotta, R. M., Lupia, C., Marrelli, M., Conforti, F,
Statti, G., Domenico, B., & Palma, E. (2023). Plants and their
derivatives as promising therapeutics for sustainable
control of honeybee (Apis mellifera)
pathogens. Pathogens, 12(10), 1260.
https://doi.org/10.3390/pathogens12101260

7. Bohn, F. ], Bastos, A, Martin, R, Rammig, A, Sian Koh, N,,
Sioen, G. B., Buscher, B., Carver, L., DeClerck, F, Drupp, M.,

IJBR Vol. 3 Issue. 5 2025

@LoEIo

environmental health by aligning agricultural and urban
development practices with the ecological needs of
pollinators [32]. Supporting agribiodiversity is also about
maintaining the complex network of relationships that
connects agriculture and biodiversity, and that ensures
livelihoods and food security for the region.

CONCLUSIONS & RECOMMENDATIONS

This study examines the melissopalynological dynamics of
Northern Punjab, focusing on the seasonal variation and
land-use influence on pollen diversity available to
honeybees. Findings reveal that spring offers the highest
pollen diversity due to abundant flowering, while winter
months show minimal diversity. Agricultural lands tend to
have crop-associated pollen, while forest areas exhibit
more diverse, native species. Urban areas, in contrast, are
The rich in ornamental and invasive plants. The research
emphasizes the need for conserving the variety of flowers
to support healthy bees and better crop production,
because diverse bee diets aid in the bees' pollen-gathering
ability, promoting more efficient pollination. Urban areas
also provide important habitat for pollinators and
contribute to biodiversity. However, this study is limited to
Northern Punjab and cannot be generalized and did not
address the impact of pesticides. Further studies are
required to compare between additional geographic
locations and to study environmental challenges and
responses of pollinator taxa to guide conservation and
land use management. The work will pave the way for
sustainable agriculture by maintaining ecosystem health
for long-term agricultural productivity and diversity.

Fletcher, R., Forrest, M., Gasparatos, A., Godoy-Fatundez, A.,
Hagedorn, G., Hansel, M., Hetzer, |, Hickler, T, Krug, C. B,, ...
Yoshida, Y. (2024). Reviews and syntheses: Current
perspectives on biosphere research - 2024.
https://doi.org/10.5194 /egusphere-2024-2551

8. Farooqui, S, Quamar, M. F, Farooqui, A, Agnihotri, R, &
Khan,S. (2023). Palyno-morphological and isotopic
characterization of monofloral and multifloral honeys from
Lucknow, India. Journal of Palaeosciences, 72(2), 91-118.
https://doi.org/10.54991/jop.2023.1858

9. Farooqui, S, Quamar, M. F, Farooqui, A, Agnihotri, R, &
Khan,S. (2023). Palyno-morphological and isotopic
characterization of monofloral and multifloral honeys from
Lucknow, India. Journal of Palaeosciences, 72(2), 91-118.
https://doi.org/10.54991/jop.2023.1858

10. Fischer, N. (2023). Molecular and metabolic biology of
bumble bees: advancing our understanding of environmental
stressor impacts on bumble bees. University of California,
Riverside.
https://www.proquest.com/openview/041fa986ac72ebba
ae4b7b6fd43ba929/1?pg-
origsite=gscholar&cbl=18750&diss=y

11. Graham, J. M., & Sanchez-Lara, P. A. (2023).Smith's
Recognizable Patterns of Human Deformation E-Book.
Elsevier Health Sciences.

12. Haldhar, S, Nidhi, C,, Singh, K., & Devi, A. (2021). Honeybees
diversity, pollination, entrepreneurship and beekeeping
scenario in NEH region of India. Journal of Agriculture and
Ecology, 12(2), 27-43.
https://doi.org/10.53911/jae.2021.12202

Page | 881

Copyright © 2025. 1JBR Published by Indus Publishers

This work is licensed under a Creative Commons Attribution 4.0 International License.


https://krishikosh.egranth.ac.in/server/api/core/bitstreams/660f9bc7-a16d-4feb-9669-797c0b91be9c/content
https://krishikosh.egranth.ac.in/server/api/core/bitstreams/660f9bc7-a16d-4feb-9669-797c0b91be9c/content
https://doi.org/10.13057/asianjfor/r00300203
https://doi.org/10.1016/b978-0-443-22418-8.00004-4
https://doi.org/10.1201/9781482277937
https://doi.org/10.1017/s0266467425000057
https://doi.org/10.3390/pathogens12101260
https://doi.org/10.5194/egusphere-2024-2551
https://doi.org/10.54991/jop.2023.1858
https://doi.org/10.54991/jop.2023.1858
https://www.proquest.com/openview/041fa986ac72ebbaae4b7b6fd43ba929/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/041fa986ac72ebbaae4b7b6fd43ba929/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/041fa986ac72ebbaae4b7b6fd43ba929/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.53911/jae.2021.12202

Alam, W. et al.,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

IJBR Vol.3 Issue.5 2025

Identification of the Melissopalynological Flora of Northern Punjab...

Noor, M. ]., Ahmad, M., Ashraf, M. A., Zafar, M., & Sultana, S.
(2015). A review of the pollen analysis of South Asian honey
to identify the bee floras of the region. Palynology, 40(1), 54-
65.

https://doi.org/10.1080/01916122.2014.988383

Khan, K., Ahmad, M., Ali, M., Zafar, M., Hagq, I. U,, Papini, A,,
Yaseen, G., Sultana, S, Ahmad,S, & Malik K. (2022).
Melissopalynological and biochemical profile of honeybee
(Apis mellifera L.) flora in southern Khyber Pakhtunkhwa,
Pakistan. Plant Biosystems - An International Journal Dealing
with all Aspects of Plant Biology, 156(5), 1177-1186.
https://doi.org/10.1080/11263504.2021.2024908
Kirmse, S., & Chaboo, C.S. (2020). Flowers are essential to
maintain high beetle diversity (Coleoptera) in a neotropical
rainforest canopy. Journal of Natural History, 54(25-26),
1661-1696.
https://doi.org/10.1080/00222933.2020.1811414
Kirmse, S. (2024). Diel activity patterns of a canopy-
inhibiting beetle community (Coleoptera) in a neotropical
rainforest. Frontiers in Forests and Global Change, 7.
https://doi.org/10.3389 /ffgc.2024.1370044

Ellen Knight, Heiko Balzter, Tom D. Breeze, Julia
Brettschneider, Robbie D. Girling, Alex Hagen-Zanker, Mike
Image, Colin G. Johnson, Christopher Lee, Andrew Lovett,
Sergei Petrovskii, Alexa Varah, Mick Whelan, Shengxiang
Yang, & Emma Gardner. (2024). Adapting genetic algorithms
for multifunctional landscape decisions: A theoretical case
study on wild bees and farmers in the UK.
https://doi.org/10.1111/2041-210x.14424/v3 /responsel
Lawrence, B. (2022). The Role of Beekeeping Management
Systems on Microbes, Pathogens, and Immunity in Honey
Bees (Doctoral dissertation, Pennsylvania State University).
https://etda.libraries.psu.edu/files/final submissions/256
25

Mastrorilli, C., Cardinale, F, Giannetti, A, & Caffarelli, C.
(2019). Pollen-food allergy syndrome: A not so rare disease
in childhood. Medicina, 55(10), 641.
https://doi.org/10.3390/medicina55100641

Payne, A. N. (2022). Honey Bee (Apis mellifera) Disease
Ecology: In-Hive Pests and Nutrition Affect Host-Pathogen
Interactions (Doctoral dissertation).
https://oaktrust.library.tamu.edu/items/13dc1d94-220f-
48e2-b295-de60ccb240ed

Pernal, S. F, & Currie, R. W. (2000). Pollen quality of fresh
and 1-year-old single pollen diets for worker honey bees
(Apis melliferal..). Apidologie, 31(3), 387-409.
https://doi.org/10.1051 /apido:2000130

Rahimi, E., Barghjelveh, S, & Dong, P. (2021). Estimating
landscape structure effects on pollination for management
of agricultural landscapes. Ecological Processes, 10(1).
https://doi.org/10.1186/s13717-021-00331-3

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Reilly, J. R, Artz, D.R,, Biddinger, D., Bobiwash, K.,
Boyle, N. K., Brittain, C., Brokaw, J., Campbell, ]. W,, Daniels, ].,
Elle E., Ellis,]J. D, Fleischer, S.]., Gibbs,]., Gillespie, R. L.,
Gundersen, K. B., Gut, L., Hoffman, G., Joshi, N., Lundin, O, ...
Winfree, R. (2020). Crop production in the USA is frequently
limited by a lack of pollinators. Proceedings of the Royal
Society B: Biological Sciences, 287(1931),20200922.
https://doi.org/10.1098/rspb.2020.0922

Richardson, L. L., Adler, L. S., Leonard, A. S., Andicoechea, J.,
Regan, K. H,, Anthony, W.E.,, Manson,].S., & Irwin, R.E.
(2015). Secondary metabolites in floral nectar reduce
parasite infections in bumblebees. Proceedings of the Royal
Society B: Biological Sciences, 282(1803), 20142471.
https://doi.org/10.1098/rspb.2014.2471

Romero, F, Hilfiker, S.,, Edlinger, A, Held, A, Hartman, K,
Labouyrie, M., & Van der Heijden, M.G. (2023). Soil
microbial biodiversity promotes crop productivity and agro-
ecosystem functioning in experimental microcosms. Science
of The Total Environment, 885, 163683.
https://doi.org/10.1016/j.scitotenv.2023.163683
Schiirings, C. (2023). Impacts of Agricultural Land Use Types
on the Biodiversity and Health of River Ecosystems: A Large-
Scale Analysis. Universitaet Duisburg-Essen (Germany).
https://www.proquest.com/openview/7463ecb7961bd96
8790697c211c916fb/1?pg-
origsite=gscholar&cbl=2026366&diss=y

Shukla, V., & Rao, K. S. (2022). Melissopalynological studies
of honey from indo-gangetic plain, India. International
Journal of Ecology and Environmental Sciences, 48(1).
https://doi.org/10.55863 /ijees.2022.0020

Smith, Z. A, & Jacques, P. (2022). The environmental policy
paradox.

https://doi.org/10.4324/9781003098034

Sniderman, ]J. M., Matley, K. A., Haberle, S. G., & Cantrill, D. J.
(2018). Pollen analysis of Australian honey. PLOS
ONE, 13(5), e0197545.

https://doi.org/10.1371 /journal.pone.0197545

Vuong, Q. H,, Sari, N. . W. P, La, V. P, & Nguyen, M. H. (2025).
Exploring the Health Benefits of Home Gardens: Biological,
Psychological, and Therapeutic Perspectives.
https://philpapers.org/rec/VUOETH

Walton, R. E,, Sayer, C.D., Bennion, H, & Axmacher,].C.
(2020). Nocturnal pollinators strongly contribute to pollen
transport of wild flowers in an agricultural
landscape. Biology Letters, 16(5), 20190877.
https://doi.org/10.1098/rsbl.2019.0877

Zaninotto, V., Raynaud, X, Gendreau, E., Kraepiel, Y,

Motard, E., Babiar, 0., Hansart, A.,, Hignard, C, & Dajoz, L.
(2020). Broader phenology of pollinator activity and higher
plant reproductive success in an urban habitat compared to
arural one. Ecology and Evolution, 10(20), 11607-11621.
https://doi.org/10.1002/ece3.6794

Page | 882

Copyright © 2025. 1JBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.1080/01916122.2014.988383
https://doi.org/10.1080/11263504.2021.2024908
https://doi.org/10.1080/00222933.2020.1811414
https://doi.org/10.3389/ffgc.2024.1370044
https://doi.org/10.1111/2041-210x.14424/v3/response1
https://etda.libraries.psu.edu/files/final_submissions/25625
https://etda.libraries.psu.edu/files/final_submissions/25625
https://doi.org/10.3390/medicina55100641
https://oaktrust.library.tamu.edu/items/13dc1d94-220f-48e2-b295-de60ccb240ed
https://oaktrust.library.tamu.edu/items/13dc1d94-220f-48e2-b295-de60ccb240ed
https://doi.org/10.1051/apido:2000130
https://doi.org/10.1186/s13717-021-00331-3
https://doi.org/10.1098/rspb.2020.0922
https://doi.org/10.1098/rspb.2014.2471
https://doi.org/10.1016/j.scitotenv.2023.163683
https://www.proquest.com/openview/7463ecb7961bd968790697c211c916fb/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://www.proquest.com/openview/7463ecb7961bd968790697c211c916fb/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://www.proquest.com/openview/7463ecb7961bd968790697c211c916fb/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://doi.org/10.55863/ijees.2022.0020
https://doi.org/10.4324/9781003098034
https://doi.org/10.1371/journal.pone.0197545
https://philpapers.org/rec/VUOETH
https://doi.org/10.1098/rsbl.2019.0877
https://doi.org/10.1002/ece3.6794

