gRE o4
- v e,
«

\ A

E-Magazine

Future Agriculture e-magazine

\
_n;\“y

&

E-ISSN: 3048-4553 (Online) https://futureagriculture.co.in/
Article Id: FA-35 ISSUE- July, 2026 | Issue-2 pp. 39-45

8 OPEN ACCESS

S

Bees: Guardians of Food Security

Abhishek Rajpurohit “* and Seema Yadav ®

“ Assistant Professor, Department of Life Sciences (Zoology and Environmental Sciences),
Lachoo Memorial College of Science and Technology, Jodhpur, Rajasthan, India
(Affiliated to Jai Narain Vyas University, Jodhpur)

b Research Scholar, Department of Zoology, Jai Narain Vyas University, Jodhpur, Rajasthan, India

*Corresponding Author Email: abhiraj_rajpurohit@yahoo.com

Abstract

Bees are indispensable pollinators that play a major role in agricultural productivity, biodiversity,
and global food security. Honey bees, bumblebees, solitary bees, and other pollinating insects
facilitate pollen transfer in numerous fruit, vegetable, oilseed, nut, and seed crops, improving fruit
set, seed formation, yield, and quality. Beyond cultivated crops, bees support the reproduction of
wild plants and contribute to ecosystem stability. However, habitat loss, pesticide exposure,
nutritional shortages, diseases, parasites, climate change, and intensive agricultural practices
threaten bee populations and pollination services. Conservation measures such as flowering strips,
hedgerows, diverse cropping systems, nesting habitats, responsible pesticide use, and sustainable
beekeeping can strengthen pollinator populations. Modern technologies, including digital hive
monitoring and Al-based bee identification, can further support conservation, management, and
resilient agricultural production.
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Introduction of these essential processes. Honey bees,
bumblebees, solitary bees, and other wild bee
species visit flowers and facilitate pollen
transfer, improving fruit set and seed formation
in many crops. The importance of bees becomes
particularly clear in intensive agricultural
landscapes where large areas of flowering crops
may depend on effective pollination. However,
bee populations face several pressures,
including habitat loss, pesticide exposure,
diseases, parasites, climate change, nutritional
shortages, and changes in agricultural practices.
Protecting bees is therefore directly connected
with protecting agricultural productivity.
Farmers can support bee populations by
maintaining flowering plants, protecting

Bees are among the most important pollinating
insects in agricultural ecosystems. By
transferring pollen between flowers while
collecting nectar and pollen, bees support the
reproduction of flowering plants and contribute
directly to the production of fruits, vegetables,
oilseeds, nuts, and seeds. Their contribution
extends beyond individual crops because
pollination  supports  biodiversity, food
production, and ecosystem stability. Food
security depends not only on the availability of
fertile soil, water, seeds, and fertilizers but also
on biological processes that enable crops to
reproduce successfully. Insect pollination is one
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nesting habitats, reducing unnecessary
pesticide applications, providing diverse food
resources, and adopting pollinator-friendly
farming practices.

Bees and Food Security

Food security involves reliable access to
sufficient, safe, nutritious, and affordable food.
Pollination contributes to this objective by
supporting the production of many crops
consumed by humans and livestock. Not every
crop depends equally on insects. Some cereals
and other crops are mainly wind-pollinated or
self-pollinated. =~ However, many fruits,
vegetables, nuts, oilseeds, and seed crops
benefit substantially from animal pollination.
Bees are particularly effective pollinators
because their bodies collect pollen and their
repeated visits to flowers facilitate pollen
transfer. Managed honey bees can also be
transported to agricultural areas during
flowering periods, allowing farmers to
supplement natural pollination. Wild bees
provide an equally important service.
Bumblebees and solitary bees can pollinate
crops under environmental conditions in which
honey bees may be less active. A diverse
pollinator community therefore provides

greater stability than dependence on a single
bee species.

How Bees Pollinate Crops

Pollination occurs when pollen grains are
transferred from the male reproductive
structures of flowers to the female reproductive
structures. Successful pollination can lead to
fertilization, seed development, and fruit
formation. When a bee visits a flower, pollen
grains adhere to its body. During subsequent
visits, some pollen is transferred to another

40

flower. Repeated movements between flowers
increase the opportunity for cross-pollination.

Bee behaviour is particularly useful for crops
that require visits to multiple flowers.

Can Improve
¢ Seed production
e  Fruit size
e  Fruit shape
e  Uniformity
¢ Seed quality
e Opverall crop yield

The effectiveness of pollination depends on bee
abundance, weather, flowering intensity, crop
characteristics, pesticide  exposure, and
availability of suitable nesting and feeding
habitats.

Major Groups of Bees
Honey Bees

Honey bees are social insects that live in
colonies containing a queen, workers, and
drones. Worker bees collect nectar and pollen
and are responsible for most flower visitation.
The managed honey bee, Apis mellifera, is
widely used for commercial pollination. Other
Apis species are also important in different
geographical regions. Honey bees can be
transported to orchards and crop fields during
flowering periods. Their colonies provide large
numbers of foraging workers, making them
valuable for commercial agriculture.

Bumblebees

Bumblebees are important  pollinators,
particularly in temperate regions and protected
cultivation. Their large bodies and specialized
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influence feeding, movement, navigation,

pollinate flowers that may be difficult for
smaller insects. Some bumblebees perform
buzz pollination, in which vibrations help
release pollen from certain flowers. This
behaviour makes them valuable for crops such
as tomato grown under protected conditions.

Solitary Bees

Unlike honey bees and bumblebees, most
solitary bees do not form large colonies.

Individual females construct nests and
provision them with food for their offspring.
Although individual solitary bees may appear
less conspicuous, collectively they can provide
substantial pollination services. They include
mason bees, leafcutter bees, mining bees, and
many other groups.

Bees and Crop Diversity

Agricultural landscapes containing diverse
crops can provide bees with food resources over
longer periods. Monocultures may provide
abundant food for a short period when a crop is
flowering but can offer limited resources before
and after flowering. Crop diversification can

therefore improve nutritional continuity.
Planting flowering borders, maintaining
hedgerows, and incorporating suitable

flowering crops can provide nectar and pollen
at different times of the year. A diverse
agricultural landscape may also provide nesting
sites, shelter, and protection from extreme
environmental conditions.

Threats to Bee Populations

Despite their importance, bees face numerous
pressures.

Habitat Loss

Conversion of natural habitats into roads,
buildings, and intensively managed agricultural
land can reduce nesting and feeding
opportunities. Removal of hedgerows and wild
vegetation further reduces habitat availability.

Pesticide Exposure

Pesticides can affect bees through direct
toxicity or sublethal effects. Exposure may
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reproduction, and colony development. The
risk depends on the pesticide, dose, application
method, crop, environmental conditions, and
bee species.

Nutritional Stress

Bees require diverse sources of nectar and
pollen. Landscapes dominated by a few
flowering crops may provide abundant food for
short periods but limited nutritional diversity
during the rest of the season.

Diseases and Parasites

Honey bees and other bees can be affected by
pathogens, parasites, and pests. These
biological pressures can weaken individuals
and colonies and may interact with nutritional
and environmental stresses.

Climate Change

Changes in temperature, rainfall, flowering
periods, and extreme weather can influence bee
activity and the availability of floral resources.

A mismatch between crop flowering and bee
activity can reduce pollination efficiency.
Climate change may also alter the geographic
distribution of bee species.

Pesticide Management for Bee Protection

Protecting bees does not necessarily require
eliminating all crop-protection products.
Instead, pesticide use should be carefully
managed to minimize exposure.

Farmers can adopt several measures:

e  Monitor before

treatment.

pest populations

e Use pesticides only when economically
justified.

e Select products with lower risks to
pollinators where effective alternatives
exist.

e Follow label
recommended doses.

directions and

e Avoid spraying directly onto flowering
plants when possible.
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e Avoid applications during periods of
high bee activity.

e Communicate with beekeepers when
pesticide applications may affect
managed colonies.

e Prevent pesticide drift into flowering
habitats.

Integrated Pest Management provides a
framework for achieving crop protection while
conserving pollinators and other beneficial
organisms.

Creating Bee-Friendly Farms

Agricultural fields can be designed to provide
resources for bees throughout the growing
season.

Flowering Borders

Flowering borders can provide nectar and
pollen and increase the attractiveness of
agricultural landscapes to pollinators.

Hedgerows

Hedgerows provide flowers, shelter, nesting
opportunities, and protection from wind. They
can also connect isolated habitats.

Wildflower Areas

Maintaining patches of suitable wildflowers
can provide diverse food resources. Local plant
species are often particularly valuable because
they are adapted to regional environmental
conditions.

Nesting Sites

Different bee species require different nesting
habitats. Some nest in soil, while others use
cavities in stems, wood, or other structures.
Maintaining suitable nesting environments can
therefore support greater bee diversity.

Bees in Horticultural Crops

Many horticultural crops benefit substantially
from bee pollination. Fruit crops such as apples,
pears, berries, and certain tropical and
subtropical fruits can benefit from insect
pollination. Vegetable seed production also
depends on effective pollination in many

42

https://futureagriculture.co.in/

species. Cucurbits such as cucumber, pumpkin,
squash, and melon frequently require insect
visitation for effective fruit development.
Oilseed crops may also benefit from bee
activity. In crops such as sunflower and
mustard, insect visitation can influence
reproductive success and yield components.
The relationship between bees and horticulture
therefore represents an important connection
between biodiversity and food production.

Bees and Protected Cultivation

Greenhouses and protected structures can
create controlled environments for crop
production but may restrict natural pollinator
access. Commercial bumblebee colonies and
managed pollinators are therefore used in some
protected cultivation systems. Their activity can
improve pollination where natural insect access
is limited. Protected cultivation also requires
careful management of pesticides because bees
may remain enclosed within the structure.
Biological control and pollinator-compatible
pest management are particularly important in
such systems.

Role of Beekeeping in Agriculture

Beekeeping provides both agricultural and
economic benefits. Honey bees can provide
pollination services while producing honey,
beeswax, propolis, royal jelly, and other hive
products. Managed colonies can be placed near
crops during flowering periods. This creates a
mutually beneficial relationship between crop
production and apiculture. Beekeeping can also
provide supplementary income for rural
households. Strengthening beekeeping
infrastructure, technical training, and market
access can therefore contribute to agricultural
livelihoods.

Bees and Biodiversity

Bees are not only agricultural workers; they are
components of natural ecosystems. By
pollinating wild plants, they support plant
reproduction and contribute to ecosystem
functioning. A decline in bee diversity can
therefore affect plant communities and other
organisms that depend on flowering plants.
Wild bee conservation is especially important
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because different species vary in their Provide nesting Supports wild bee
nesting requirements, seasonal activity, body habitats diversity
size, and ﬂor.aI. preferepces. Protecting diverse Diversify crops Extepds .fc_)od
bee communities provides a broader range of availability
pollination services. Maintain water Supports bee
resources activity
Technology for Bee Monitoring Coordinate with Reduces colony
beekeepers exposure
Modern technology can support bee & IrnII))roves
COIIS.CI'VE.I'[IOII and management. Digital hive- Monitor ﬂOWCng pollination
monitoring systems can measure colony periods planning

weight, temperature, humidity, sound, and
activity. Such information may help beekeepers
identify changes in colony health before visible
problems become severe. Artificial intelligence
and computer vision can also be used to identify
bee species and monitor foraging behaviour.
Geographic information systems can help map
flowering resources and suitable habitats.

Remote sensing and digital agriculture may
eventually allow farmers to estimate pollinator
activity across large agricultural landscapes.

Citizen Science and Public Participation

Public participation can contribute to bee
conservation. Citizen-science programmes
allow people to record bee observations,
flowering plants, nesting sites, and seasonal
activity. Such observations can help researchers
understand changes in bee distribution and
abundance over large geographic areas.
Schools, universities, farmers, beekeepers, and
community organizations can participate in
pollinator-awareness programmes. Education
can also reduce unnecessary fear of bees and
encourage appreciation of their ecological
importance.

Table: Practical Steps for Farmers

Practice Benefit to Bees
Maintain flowering | Provides nectar and
plants pollen

Protect field margins

Provides habitat
and shelter

Maintain hedgerows

Supports food and
nesting resources

Reduce unnecessary

Lowers exposure

pesticide use risk
AV(.)ld spraying Protects foraging
during peak bee b
. ees
activity
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Role of Extension Services

Agricultural extension services can play an
important role in integrating pollinator
conservation with crop production. Farmers
need practical information about bee
identification, flowering plants, pesticide
safety, habitat management, and pollination
requirements of different crops. Extension
programmes can establish demonstration farms
showing how flowering borders, hedgerows,
reduced pesticide exposure, and managed bee
colonies can be incorporated into commercial
production. Beekeepers and farmers should also
be encouraged to communicate about crop
flowering periods and planned pesticide
applications. Such coordination can reduce
risks to managed colonies.

Future

The future of food production will require
greater integration of agricultural productivity
and biodiversity conservation. Bees provide a
clear example of how ecological services
directly support food production. Precision
agriculture, digital hive monitoring, Al-based
insect identification, habitat mapping, and
improved  pollination technologies can
strengthen bee management. At the same time,
basic ecological practices such as planting
flowers, protecting nesting habitats, and
reducing unnecessary pesticide use will remain
essential.  Developing  pollinator-friendly
agricultural landscapes can create multiple
benefits. Bees receive food and shelter, crops
receive pollination services, farmers may obtain
higher-quality produce, and landscapes retain
greater biodiversity.
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Conclusion

Bees are indispensable partners in agriculture
and important guardians of food security.
Through pollination, they support the
production of numerous fruits, vegetables,
oilseeds, nuts, and seeds while contributing to
the reproduction of wild plants and
maintenance of biodiversity.
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