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Abstract
Bees	are	vital	pollinators	that	underpin	agricultural	productivity,	ecosystem	resilience,	and	global	food	security.	
However,	widespread	declines	 in	bee	populations—driven	by	 intensive	 farming	practices,	 habitat	 loss,	 pesticide	
exposure,	and	climate	stress—pose	serious	environmental	and	economic	risks.	Pulse-based	agricultural	systems,	
centered	on	leguminous	crops	such	as	lentils,	chickpeas,	peas,	and	beans,	present	a	promising	opportunity	to	support	
pollinator	 conservation	 while	 advancing	 sustainable	 farming	 goals.This	 review	 evaluates	 bee-friendly	 farming	
practices	within	pulse-based	systems,	focusing	on	their	ecological,	agronomic,	and	socio-economic	implications.	Key	
practices	examined	include	the	provision	of	 �loral	resources,	reduced	and	targeted	pesticide	use,	 integrated	pest	
management	strategies,	and	habitat	diversi�ication	at	both	�ield	and	landscape	scales.	Evidence	suggests	that	these	
approaches	can	enhance	bee	abundance	and	diversity,	strengthen	pollination	services,	and	contribute	to	improved	
yield	stability	and	soil	health.The	review	also	highlights	existing	knowledge	gaps,	challenges	in	implementation,	and	
the	role	of	policy	and	institutional	support	in	promoting	pollinator-friendly	pulse	agriculture.	Overall,	integrating	
bee-friendly	 practices	 into	 pulse-based	 systems	 represents	 a	 viable	 pathway	 toward	 reconciling	 biodiversity	
conservation	with	sustainable	agricultural	production.
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1.	Introduction
Pollinators play an indispensable role in both natural 
ecosystems and agricultural production systems, 
with bees representing one of the most ef�icient and 
economically signi�icant groups of pollinating 
organisms. Approximately three-quarters of the 
world's leading food crops depend, at least in part, on 
animal-mediated pollination, contributing not only to 
yield quantity but also to crop quality and nutritional 
value. Beyond agriculture, bees support biodiversity 
by facilitating plant reproduction, maintaining 
genetic diversity, and stabilizing ecosystem functions. 
Despite their importance, bee populations across 
many regions of the world have experienced alarming 
declines over recent decades, raising global concern 
among scientists, policymakers, and agricultural 
stakeholders.Multiple interacting stressors are 
responsible for the observed declines in bee 
abundance and diversity. Agricultural intensi�ication, 
c h a r a c t e r i z e d  b y  m o n o c r o p p i n g ,  h a b i t a t 
simpli�ication, and extensive use of agrochemicals, 
has signi�icantly reduced the availability of nesting 
sites and �loral  resources.  The widespread 
application of synthetic pesticides, particularly 
neonicotinoids and other systemic insecticides, has 
been strongly associated with both lethal and 
sublethal effects on bees, including impaired foraging 
behavior, reduced reproductive success, and 
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weakened immune responses [1]. Climate change 
further exacerbates these pressures by altering 
�lowering phenology, increasing temperature 
extremes, and disrupting synchrony between bees 
and their �loral resources. Collectively, these factors 
threaten the sustainability of pollination services 
essential for global food systems, an increasing 
attention has been directed toward the development 
and adoption of bee-friendly farming practices that 
reconcile agricultural productivity with biodiversity 
conservation. Sustainable agricultural systems that 
reduce chemical inputs, diversify cropping patterns, 
and enhance on-farm habitats have been shown to 
provide measurable  bene� i ts  to  pol l inator 
communities. Within this context, pulse-based 
agricultural systems offer unique ecological and 
agronomic advantages that make them particularly 
relevant to pollinator-friendly strategies [2].
Pulse crops, including lentils, chickpeas, peas, faba 
beans, and dry beans, are legumes that play a critical 
role in sustainable farming due to their ability to �ix 
a t m o s p h e r i c  n i t r o g e n  t h r o u g h  s y m b i o t i c 
relationships with soil microorganisms. This 
biological nitrogen �ixation reduces the need for 
synthetic fertilizers, thereby lowering production 
costs and minimizing environmental impacts such as 
greenhouse gas emissions and nutrient runoff. In 
addition, pulse crops contribute to improved soil 
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structure, increased organic matter, and enhanced 
soil microbial activity, all of which support broader 
agroecosystem heal th .  From a  pol l inat ion 
perspective, many pulse crops produce nectar and 
pollen that can serve as valuable food resources for a 
range of bee species, including wild bees and 
managed pollinators. While pulses are often self-
pollinating, numerous studies have demonstrated 
that insect visitation can enhance pod set, seed 
quality, and yield stability. More importantly, pulse-
based systems are frequently integrated into crop 
rotations or intercropping arrangements, creating 
temporal and spatial diversity that bene�its 
pollinators by extending �lowering periods and 
reducing habitat fragmentation. Bee-friendly 
practices within pulse-based systems typically 
include minimizing pesticide exposure through 
integrated pest management (IPM), adopting 
selective and timing-sensitive chemical applications, 
and maintaining semi-natural habitats such as �ield 
margins, hedgerows, and �lowering strips [3]. These 
practices increase landscape heterogeneity and 
provide nesting substrates, overwintering sites, and 
continuous forage throughout the growing season. 
The relatively lower pest pressure and nitrogen 
requirements of pulse crops further facilitate reduced 
chemical inputs, making them well-suited for 
environmentally responsible management, the 
potential of pulse-based systems to support bee 
conservation remains underexplored and unevenly 
implemented across regions. Farmers may face 
economic, technical, or informational barriers to 
adopting bee-friendly practices, including concerns 
over pest outbreaks, yield risks, and limited access to 
extension services. Additionally, policy frameworks 
and agricultural incentives often prioritize short-
term productivity over ecosystem services, limiting 
broader uptake of pollinator-supportive approaches. 
Given the increasing urgency of addressing pollinator 
declines alongside global food security challenges, a 
comprehensive assessment of bee-friendly farming 
practices in pulse-based systems is timely and 
necessary [4]. This review aims to synthesize existing 
research on the interactions between pulse 
agriculture and bee populations, evaluate the 
effectiveness of key management practices, and 
identify knowledge gaps and policy opportunities, the 
role of pulse-based systems in promoting pollinator 
health, this article contributes to the broader 
discourse on sustainable agriculture and biodiversity 
conservation in an era of environmental change.

2.	Importance	of	Bees	in	Agricultural	Ecosystems
Bees are among the most important pollinators in 
agricultural landscapes, contributing signi�icantly to 
food production, biodiversity conservation, and 
ecosystem stability. Their interactions with �lowering 
plants underpin many ecosystem services that extend 
beyond direct agricultural outputs, linking farm-level 
practices with broader environmental sustainability. 
U n d e r s t a n d i n g  t h e  r o l e  o f  b e e s  w i t h i n 
agroecosystems is essential for developing farming 
systems that are both productive and ecologically 
resilient.

2.1	Ecosystem	Services	Provided	by	Bees
Pollination is the most widely recognized ecosystem 
service provided by bees, directly in�luencing the 
yield, quality, and economic value of numerous crops. 
Through the transfer of pollen between �lowers, bees 
facilitate fertilization, which enhances seed and fruit 
development. Many crops bene�it from bee visitation 
through increased fruit set, improved uniformity, 
enhanced nutritional composition, and greater 
market value. Even in crops that are partially or 
predominantly self-pollinating, insect-mediated 
pollination often contributes to yield stability and 
resilience under variable environmental conditions. 
Beyond agricultural production, bees play a vital role 
in maintaining biodiversity by supporting the 
reproduction of wild �lowering plants. Bee-mediated 
pollination promotes genetic diversity within plant 
populations, increasing their adaptive capacity to 
environmental stressors such as climate change, 
pests, and diseases [5]. Diverse plant communities, in 
turn, provide habitat and food resources for a wide 
range of organisms, contributing to overall ecosystem 
complexity and function.Bees also indirectly support 
ecosystem services such as soil conservation, water 
regulation, and carbon sequestration. The sustaining 
plant cover and vegetation diversity, pollination 
contributes to reduced soil erosion, improved soil 
structure, and enhanced nutrient cycling. In 
agricultural landscapes, these services help stabilize 
production systems and reduce reliance on external 
inputs. The economic value of pollination services 
provided by bees is substantial, with global estimates 
reaching hundreds of billions of dollars annually, 
underscoring their importance to both subsistence 
and commercial agriculture.

2.2	Bee	Decline:	Drivers	and	Consequences
Their critical ecological and economic roles, bee 
populations are experiencing widespread declines in 
abundance, diversity, and geographic range. These 
declines are driven by a combination of interacting 
stressors, many of which are closely linked to modern 
agricultural practices.Habitat loss and landscape 
simpli�ication represent major drivers of bee decline. 
The expansion of monoculture farming and the 
removal of hedgerows, �ield margins, and semi-
natural habitats have signi�icantly reduced the 
availability of �loral resources and nesting sites. This 
loss of habitat diversity limits forage availability 
throughout the growing season and disrupts the life 
cycles of both wild and managed bee species.The 
intensive use of pesticides and herbicides poses 
another signi�icant threat to bees. Insecticides can 
cause acute toxicity, while chronic exposure to 
sublethal doses may impair navigation, learning, 
reproduction, and immune function. Herbicide use 
further reduces �loral diversity by eliminating non-
crop �lowering plants that provide essential nectar 
and pollen resources [6]. These chemical stressors 
often interact with other pressures, amplifying their 
negative effects on bee health.
Climate change and increased climate variability have 
emerged as additional drivers of bee decline. Rising 
temperatures, altered precipitation patterns, and 
extreme weather events can disrupt �lowering 

https://academicsociety.org/agri/
https://academicsociety.org/agri/
https://academicsociety.org/agri/


03. https://academicsociety.org/agri/

Arvind	Kumar	Ishar.,	/	Agriculture	Reviews:	An	International	Journal	(2024)

phenology, leading to temporal mismatches between 
bees and their food sources. Heat stress and habitat 
shifts may also alter species distributions, placing 
additional strain on already vulnerable populations. 
Furthermore, the spread of pathogens, parasites, and 
invasive species has intensi�ied under globalized 
trade and changing environmental conditions, 
contributing to declines in both wild and managed 
bees.The consequences of bee decline are far-
reaching. Reduced pollination services threaten food 
security, particularly for nutrient-dense crops such as 
fruits, vegetables, and legumes. Farmers may face 
increased production costs as they attempt to 
compensate for pollination de�icits through arti�icial 
or managed pollination [7]. At the ecosystem level, 
declining bee populations can trigger cascading 
effects, leading to reduced plant diversity, weakened 
ecosystem resilience, and diminished capacity to 
respond to environmental change.

3.	Pulse-Based	Farming	Systems:	An	Overview
Pulse-based farming systems are increasingly 
recognized as a cornerstone of sustainable 
agriculture due to their multifunctional bene�its for 
soil health, climate mitigation, and agroecosystem 
diversity. Pulse crops include lentils, chickpeas, dry 
peas, faba beans, mung beans, cowpeas, and other 
grain legumes that are cultivated across a wide range 
of agroecological zones, from temperate to tropical 
regions.One of the de�ining features of pulse crops is 
their ability to �ix atmospheric nitrogen through 
symbiotic relationships with rhizobial bacteria. This 
biological nitrogen �ixation reduces the need for 
synthetic nitrogen fertilizers, lowering production 
costs and minimizing environmental impacts such as 
nitrate leaching and greenhouse gas emissions. As a 
result, pulses contribute to improved nutrient-use 
ef�iciency and support climate-smart agricultural 
practices [8]. Pulse crops play a vital role in crop 
rotation systems by breaking pest and disease cycles, 
enhancing soil structure, and increasing soil organic 
matter. Their inclusion in rotations with cereals and 
oilseeds promotes greater cropping system diversity, 
which is associated with improved system resilience 
and reduced vulnerability to biotic and abiotic 
stresses. Compared to many cereal crops, pulses 
generally require fewer external inputs, making them 
suitable for low-input and resource-ef�icient farming 
systems.From a pollinator perspective, pulse-based 
systems offer several advantages. Many pulse crops 
produce �lowers that provide nectar and pollen 
resources for bees, particularly during periods when 
alternative �loral resources may be limited. While 
some pulses are capable of self-pollination, bee 
visitation can enhance yield components, seed 
quality, and overall productivity. Moreover, pulse 
crops are often integrated into diversi�ied landscapes 
that include intercropping, cover cropping, and 
conservation practices, all of which can improve 
habitat availability for pollinators, pulse-based 
farming systems align well with agroecological and 
regenerative agriculture principles, which emphasize 
reduced chemical inputs, biodiversity enhancement, 
a n d  e c o s y s t e m  s e r v i c e  p r o v i s i o n .  T h e s e 
characteristics position pulses as a strategic 
component of bee-friendly agriculture, offering 

opportunities to support pollinator conservation 
while maintaining productive and economically 
viable farming systems.

4.	Bee-Friendly	Farming	Practices	in	Pulse-Based	
Systems
The integration of bee-friendly practices within 
pulse-based farming systems offers a strategic 
approach to enhancing pollinator conservation while 
maintaining agronomic productivity. Pulses possess 
biological and management characteristics that make 
them well suited for practices that support pollinator 
health at both �ield and landscape scales.

4.1	Floral	Resource	Availability
Floral resource availability is a key determinant of bee 
abundance and diversity in agricultural systems. 
Pulse crops produce �lowers that supply nectar and 
pollen to a wide range of bee species, including 
managed honey bees (Apis mellifera), bumblebees 
(Bombus spp.), and numerous solitary bee species. 
Although many pulses are capable of self-pollination, 
bee visitation can enhance pollen transfer ef�iciency 
and contribute to improved reproductive success [9]. 
Several farming practices can signi�icantly enhance 
�loral resource availability within pulse-based 
systems. Mixed cropping and intercropping with 
�lowering companion species increase the diversity 
and continuity of �loral resources across the growing 
season. The selection of pulse varieties with extended 
or staggered �lowering periods can further reduce 
temporal gaps in forage availability, supporting bees 
throughout their active life stages, the inclusion of 
�lowering �ield margins, hedgerows, and buffer strips 
provides critical supplementary forage and nesting 
habitats. These semi-natural features often host 
native �lowering plants that bloom before or after 
pulse crops, ensuring continuous resource provision. 
Such practices not only bene�it bees but also enhance 
overall farmland biodiversity and ecosystem service 
provision.

4.2	Reduced	Pesticide	Use
Pulse-based farming systems generally require fewer 
chemical inputs than intensive cereal monocultures, 
creating opportunities to reduce pesticide exposure 
for pollinators. Bee-friendly pesticide management 
focuses on minimizing both lethal and sub-lethal 
impacts on bees.Key practices include avoiding 
neonicotinoids and other systemic insecticides 
known to persist in plant tissues and contaminate 
nectar and pollen. When pesticide use is unavoidable, 
timing applications outside peak bee foraging 
periods—such as applying treatments during late 
evening or night—can substantially reduce exposure 
risks. The use of selective pesticides with lower 
toxicity to non-target organisms further contributes 
to pollinator protection.Alternative pest control 
approaches, including mechanical weeding, crop 
rotation, and biological control agents,  are 
increasingly adopted in pulse systems [10]. These 
strategies reduce chemical dependence while 
maintaining acceptable pest suppression levels, 
supporting both crop health and pollinator safety.
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4.3	Integrated	Pest	Management	(IPM)
Integrated Pest Management (IPM) represents a cornerstone of bee-friendly agriculture by prioritizing ecological 
approaches to pest control. IPM combines regular pest monitoring, economic threshold-based decision-making, 
biological control agents, and cultural practices to minimize unnecessary pesticide use [11].In pulse-based 
systems, IPM has been shown to signi�icantly lower pesticide residues in �loral resources, thereby reducing 
chronic exposure risks for bees. By limiting broad-spectrum pesticide applications, IPM also mitigates sub-lethal 
effects on bee behavior, navigation, foraging ef�iciency, and reproductive success. Importantly, IPM strategies can 
maintain effective pest control without compromising crop yields, making them economically viable for farmers.

Table	1.	Bee-Friendly	Farming	Practices	in	Pulse-Based	Systems	and	Their	Ecological	Impacts

Table	2.	Key	Challenges,	Research	Gaps,	and	Future	Research	Priorities	in	Bee-Friendly	Pulse-Based	Farming	Systems

4.4	 Habitat	 Diversi�ication	 and	 Landscape	
Complexity
Habitat diversi�ication at both �ield and landscape 
scales is essential for sustaining healthy pollinator 
populations. Pulse-based systems naturally lend 
themselves to diversi�ied management due to their 
ro l e  i n  c ro p  ro t a t i o n s  a n d  m i xe d  fa r m i n g 
systems.Crop rotations incorporating legumes, 
c e re a l s ,  a n d  c ove r  c ro p s  e n h a n c e  h a b i t a t 
heterogeneity and temporal resource availability. The 
maintenance of non-cropped habitats—such as grass 
strips, riparian buffers, and conservation set-
asides—provides nesting sites and refuge areas for 
wild bees. Agroforestry practices and diversi�ied farm 
landscapes further enhance structural complexity, 
supporting a wider range of pollinator species and 
functional traits.Collectively, these practices 
strengthen ecological connectivity, allowing bees to 
move across landscapes in search of food and nesting 
resources, thereby improving population persistence 
and resilience.

5.	Impacts	on	Bee	Diversity	and	Abundance
A growing body of evidence indicates that diversi�ied 
pulse-based farming systems support higher bee 
abundance and species richness compared to 
simpli�ied monoculture systems. The availability of 
diverse �loral resources and reduced chemical 
exposure create favorable conditions for both 
managed and wild pollinators.Pulse-based systems 
increase foraging opportunities by providing nectar 
and pollen during critical periods, while diversi�ied 
habitats enhance nesting availability. Wild bees, in 
particular, show strong positive responses to 
landscape heterogeneity and reduced pesticide 
pressure. 

These bene�its contribute to more stable and resilient 
pollinator communities, capable of sustaining 
p o l l i n a t i o n  s e r v i c e s  u n d e r  e nv i ro n m e n t a l 
stress.Enhanced bee diversity also improves 
f u n c t i o n a l  r e d u n d a n c y  w i t h i n  p o l l i n a t o r 
communities, reducing the risk of pollination failure if 
individual species decline [12]. This ecological 
stability is especially important in the context of 
climate variability and ongoing environmental 
change.

6.	Agronomic	and	Socio-Economic	Implications
6.1	Crop	Productivity	and	Yield	Stability
Bee-friendly practices in pulse-based systems can 
positively in�luence crop productivity and yield 
stability. Although many pulses are self-fertile, partial 
dependence on insect pollination has been 
documented for crops such as faba beans, chickpeas, 
and certain pea varieties. Improved pollination can 
enhance pod set, seed weight, and uniformity, 
contributing to more consistent yields, diversi�ied 
systems are generally more resilient to pests, 
diseases, and climatic stresses. By supporting 
ecosystem services such as pollination and biological 
pest control, bee-friendly pulse systems reduce 
production risks and promote long-term agricultural 
sustainability.

6.2	Economic	Bene�its	for	Farmers
From an economic perspective, bee-friendly pulse 
farming can offer multiple advantages. Reduced input 
costs associated with lower fertilizer and pesticide 
use improve farm pro�itability. Enhanced soil fertility 
and ecosystem services further contribute to long-
term productivity and reduced dependency on 
external inputs, growing consumer demand for 
sustainably produced food creates opportunities for 
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pollinator-friendly certi�ication and eco-labeling. 
Such market incentives can provide price premiums 
and improve market access,  particularly in 
environmentally conscious markets. Collectively, 
these agronomic and socio-economic bene�its 
strengthen the case for integrating bee-friendly 
practices into pulse-based agricultural systems [13]. 
The Challenges and Research Gaps, the demonstrated 
ecological and agronomic potential of bee-friendly 
practices in pulse-based farming systems, several 
challenges limit their widespread adoption and 
effectiveness. One major constraint is the lack of long-
term, region-speci�ic studies examining bee–pulse 
interactions across diverse agroecological contexts. 
Most existing research is short-term or localized, 
making it dif�icult to generalize �indings or assess 
cumulative impacts on pollinator populations and 
crop productivity over time.
Signi�icant knowledge gaps also remain regarding the 
selection and breeding of pulse varieties optimized 
for pollinator support. While pulses vary in �loral 
morphology, nectar production, and �lowering 
duration, these traits are rarely considered in 
breeding programs, which traditionally prioritize 
yield, pest resistance, and stress tolerance. A deeper 
understanding of how varietal traits in�luence bee 
visitation and pollination ef�iciency is essential for 
integrating pollinator considerations into crop 
improvement strategies.Another challenge involves 
managing trade-offs between effective pest control 
and pollinator protection. Although reduced 
pesticide use and IPM strategies are bene�icial for 
bees, farmers may be hesitant to adopt them due to 
concerns about yield losses or increased labor 
requirements. Identifying context-speci�ic solutions 
that balance pest management needs with pollinator 
safety remains a critical research priority [14]. 
Barriers to adoption are particularly pronounced 
among smallholder and resource-limited farmers. 
Limited access to knowledge, extension services, 
�inancial incentives, and risk-sharing mechanisms 
can constrain the implementation of bee-friendly 
practices. Addressing these challenges requires 
interdisciplinary research that integrates ecological 
science with socio-economic analysis, as well as 
participatory approaches that actively involve 
farmers in knowledge generation and decision-
making.

8.	Future	Directions	and	Recommendations
To fully realize the potential of bee-friendly pulse-
based farming systems, future research and policy 
efforts should focus on several key areas. First, 
breeding programs should incorporate �loral traits 
such as nectar availability, pollen quality, and 
�lowering phenology into pulse crop development. 
Such traits could enhance the value of pulses as 
pollinator resources without compromising 
agronomic performance, there is a need to scale up 
landscape-level conservation strategies that 
complement � ield-scale interventions [15]. 
Coordinated management of habitats across 
farms—such as connected �ield margins, cover crops, 
and semi-natural areas—can amplify bene�its for 
pollinators and strengthen ecological connectivity. 

These approaches require supportive policies and 
incentives that encourage collective action among 
farmers.
Strengthening farmer education and extension 
services is also essential. Targeted training programs 
can increase awareness of the bene�its of pollinators, 
demonstrate practical implementation strategies, 
and reduce perceived risks associated with changing 
m a n a g e m e n t  p r a c t i c e s .  D i g i t a l  t o o l s  a n d 
participatory learning platforms may further 
enhance knowledge dissemination, particularly in 
remote or underserved regions.Finally, integrating 
pollinator-related indicators into agricultural 
sustainability assessments can improve monitoring 
and decision-making. Including metrics such as bee 
abundance, diversity, and habitat quality alongside 
yield and economic indicators would provide a more 
holistic evaluation of system performance [16-17]. 
Achieving these goals will require close collaboration 
among agronomists, ecologists, policymakers, 
extension professionals, and farming communities.

9.	Conclusion
Pulse-based farming systems represent a viable and 
promising pathway for reconciling agricultural 
productivity with pollinator conservation. By 
integrating bee-friendly practices such as reduced 
pesticide use, habitat diversi�ication, enhanced �loral 
resources, and integrated pest management, these 
systems can support healthy bee populations while 
improving soil health, yield stability, and ecosystem 
resilience. The multifunctional bene�its of pulse crops 
position them as a strategic component of sustainable 
and climate-resilient agriculture. Promoting bee-
friendly pulse systems through targeted research, 
supportive policies, farmer-centered extension 
services, and market-based incentives can contribute 
meaningfully to biodiversity conservation and 
sustainable food systems. In the face of ongoing 
environmental  chal lenges,  such integrated 
approaches are essential for safeguarding both 
agricultural livelihoods and ecosystem integrity.
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