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ABSTRACT

Monoculture practices and reliance on a handful of major crops have led to vulnerabilities in global
food security and environmental sustainability. Lesser-known crops (LKCs), like orange-fleshed
sweet potato, moringa leaves, jamun fruit, lentils, and amaranth leaves, offer a promising alternative.
LKCs boast high nutritional value, resilience to climate change, and the potential to thrive in diverse
environments. This review explores the potential of LKCs to drive sustainable agriculture, focusing
on their nutritional profiles, environmental benefits, and challenges associated with integrating them
into mainstream agriculture.

The review examines various LKC categories, including underutilized pulses, tubers, vegetables,
and fruits. Their potential contributions to dietary diversity, addressing micronutrient deficiencies,
and overall food security are highlighted. The environmental benefits of LKCs, such as reduced
water footprint, improved soil health, and increased biodiversity, are also explored. Pakistan's
specific context is incorporated, including the prevalence of malnutrition, challenges faced by the
agricultural sector, and potential LKCs suitable for local conditions. The review identifies
opportunities and constraints related to LKC adoption in Pakistan, encompassing factors like
consumer awareness, market access, research and development, and government policies. Finally,
recommendations are provided to promote LKC utilization in Pakistan. These include raising
awareness among consumers and policymakers, establishing robust value chains, conducting
research on LKC cultivation and processing, and implementing supportive government policies.

Keywords: Lesser-known crops cultivation; global food system; climate change; sustainable
agriculture.

1. INTRODUCTION

The global food system faces a critical
crossroads. Feeding a growing population while
mitigating climate change and ensuring
environmental sustainability requires a significant
transformation. Our current agricultural practices,
often reliant on monoculture and a handful of
major crops like wheat, rice, and maize, are
increasingly vulnerable to these challenges [1].

Lesser-known crops (LKCs) emerge as a
compelling solution. These diverse crops,
sometimes referred to as underutilized crops,
have been largely neglected or underutilized in
mainstream agriculture. However, they offer a
treasure trove of benefits that can revolutionize
our food systems.

LKCs typically boast exceptional nutritional
profiles, packed with essential vitamins, minerals,
and dietary fiber often missing from major staples
[2]. This makes them particularly valuable
in  addressing  widespread  micronutrient
deficiencies, a significant public health concern in
many developing countries [3]. Additionally, their
diverse genetic makeup allows them to thrive in
various environments and demonstrate
remarkable resilience to climate change stresses
[4]. This inherent resilience is crucial for adapting
agricultural practices to a changing climate with
increasing water scarcity and unpredictable
weather patterns [5].

Furthermore, LKCs contribute significantly to
environmental sustainability. Their diverse root
systems promote soil health, improve water
infiltration, and reduce erosion [5]. Some LKC
varieties possess nitrogen-fixing properties,
enhancing soil fertility and reducing reliance on
synthetic fertilizers [6]. Integrating LKCs into
cropping systems fosters biodiversity, creating a
more resilient agricultural landscape in the face
of climate change [6].

The potential of LKCs extends beyond these
core benefits. They often require fewer
external inputs like fertilizers and pesticides due
to their natural adaptations [4]. Additionally,

many LKC varieties have shorter growing
seasons and lower water requirements
compared to major crops, making them

particularly suitable for water-scarce
(Rudisuli et al., 2016).

regions

2. OVERVIEW OF SUSTAINABLE
AGRICULTURE PRACTICES AND
PAKISTAN'S CONTEXT

Sustainable agriculture practices encompass a
broad range of approaches aimed at meeting
current food production needs  without
compromising the ability of future generations to

meet their own. These practices prioritize
environmental protection, resource
conservation, and social equity alongside

economic viability [7].
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Here are some key principles of sustainable
agriculture:

Maintaining  Soil Health: This involves
techniques like crop rotation, cover cropping, and
organic matter addition to improve soil fertility,
structure, and water infiltration capacity [8].

Reducing Reliance on External Inputs:
Practices like integrated pest management (IPM)
and biological nitrogen fixation help minimize the
use of synthetic fertilizers and pesticides,
promoting a more natural and balanced
ecosystem. A 2023 study by Singh et al. [9]
examines how these practices can minimize
reliance on external inputs while promoting a
balanced ecosystem.

Conserving Water Resources: Techniques like
drip irrigation, rainwater harvesting, and drought-
resistant crops optimize water use efficiency,
particularly valuable in water-scarce regions [10].
A 2022 study by Castillo et al. [11,12] analyzes
these techniques and their effectiveness in
water-scarce regions.

Promoting Biodiversity: Encouraging a variety
of plant and animal life within agricultural
landscapes creates a more resilient ecosystem,
fostering natural pest control and enhancing soil
health. A recent review by Benton et al. [35]
highlights  the  positive  contributions  of
biodiversity in agricultural landscapes to a more
resilient ecosystem.

3. PAKISTAN'S CHALLENGES AND
OPPORTUNITIES IN SUSTAINABLE
AGRICULTURE

Pakistan faces several challenges in adopting
sustainable agricultural practices. Water scarcity
is a major concern, with over-extraction from
aquifers and inefficient irrigation systems leading
to depletion [13]. Additionally, excessive use of
chemical fertilizers has degraded soil health in
many areas [14]. Fragmentation of
landholdings  presents another challenge,
implementing some sustainable practices more
difficult for small-scale farmers (Ali & Byerlee,
2001).

However, Pakistan also boasts several
opportunities ~ for  advancing  sustainable
agriculture:

« Promoting Climate-Smart Agriculture:
Practices like heat-tolerant crop varieties
and conservation agriculture techniques

can help farmers adapt to changing
climatic conditions [15].

* Building Capacity and Knowledge
Sharing: Providing training and education
for farmers on sustainable practices is
crucial for widespread adoption [16].

* Enhancing Market Access for
Sustainable Produce: Developing
dedicated markets and premium pricing for
produce grown using sustainable methods
can incentivize farmers' participation [17].

* Enacting Supportive Policies:
Government policies promoting
sustainable practices, such as subsidies
for organic inputs and water conservation
technologies, can create an enabling
environment for change [18].

The integration of LKCs aligns perfectly with the
principles of sustainable agriculture. Their
inherent resilience to climate change and lower
water requirements contribute significantly to
environmental conservation [4]. Additionally,
many LKC varieties are nitrogen-fixing, reducing
reliance on synthetic fertilizers [19]. Promoting
LKCs fosters biodiversity within cropping
systems, enhancing ecosystem health and
resilience [6].

4. GAPS IN RESEARCH AND THE NEED
FOR FURTHER EXPLORATION

Despite the growing recognition of LKCs'
potential, significant research gaps remain in
maximizing their contribution to sustainable
agriculture. Here are some key areas requiring
further exploration:

*  Optimizing Cultivation Practices: While
LKCs are generally known for their
adaptability, research is needed to develop
location-specific cultivation practices that
maximize yields and quality under diverse
Pakistani agro-ecological conditions [20].
This includes exploring optimal planting
times, water management strategies, and
suitable companion planting options.

* Understanding Consumer Preferences:
Limited consumer awareness about the
nutritional value and culinary applications
of LKCs hinders their wider adoption.
Research is crucial to understand
consumer preferences and develop
effective marketing strategies to promote
LKC consumption [21].

* Value Chain Development: Strengthening
the value chain for LKCs is essential to
incentivize production and ensure fair
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returns for farmers. This involves research
on efficient  post-harvest handling,
processing techniques to enhance shelf life
and marketability, and creating robust
market linkages between producers and
consumers [22].

+ Economic Feasibility Studies:
Conducting economic feasibility studies to
assess the profitability of LKC production
under different scenarios can encourage
farmer investment and inform policy
decisions [23].

* Nutritional Profiling and Bioavailability:
While existing research suggests high
nutrient content in some LKCs, further
studies are needed to create
comprehensive nutritional profiles specific
to Pakistani varieties.  Additionally,
research on bioavailability, the extent to
which nutrients are absorbed by the body,
is crucial for understanding the true
nutritional impact of LKCs [24].

Addressing these research gaps is critical for
unlocking the full potential of LKCs as drivers of
a sustainable and nutritious food system in

Pakistan. By focusing on location-specific
cultivation practices, consumer preferences,
value chain development, and economic
feasibility, research can pave the way for
widespread LKC adoption. Additionally,
enhanced understanding of the nutritional

profiles and bioavailability of LKCs can guide
dietary recommendations and promote their
integration into national food security strategies.

5. NUTRITIONAL COMPOSITION OF
LESSER-KNOWN CROPS

LKCs hold immense potential to address
malnutrition and dietary deficiencies due to their
impressive nutritional profiles. Compared to
major crops, they often boast a higher
concentration of essential vitamins, minerals, and
antioxidants. This section delves into the diverse
nutritional landscape of LKCs, highlighting key
vitamins, minerals, and antioxidants they offer.

5.1 Vitamins

LKCs are a treasure trove of essential vitamins
crucial for maintaining good health. Here's a
glimpse into some key vitamins found in LKCs:

* Vitamin A: Crucial for vision, immune
function, and cell growth, vitamin A
deficiencies are a significant public health

concern in many developing countries.
Several LKC varieties are rich in vitamin A
precursors like beta-carotene. Orange-
fleshed sweet potato varieties, for
example, boast impressive levels of beta-
carotene, which the body converts to
vitamin A (Muthayya et al., 2015).

B Vitamins: LKCs are a good source of B
vitamins, including thiamine (B1), riboflavin
(B2), niacin (B3), and folate (B9). These
vitamins play vital roles in energy
metabolism, nervous system function, and
red blood cell production. Moringa leaves,
for instance, are an excellent source of B
vitamins, offering significant amounts of
B1, B2, and B3 [25].

« Vitamin C: An essential antioxidant,
vitamin C supports immune function,
collagen synthesis, and wound healing.
Certain LKC fruits, like bael (Aegle
marmelos) and jamun (Syzygium cumini),
are excellent sources of vitamin C,
exceeding the levels found in some citrus
fruits [13].

5.2 Minerals

LKCs are a valuable source of essential
minerals, playing a critical role in various bodily
functions. Let's explore some key examples:

e Iron: Iron deficiency anemia is a
widespread health problem globally. LKCs
like lentils, chickpeas, and moringa leaves
are rich in iron, providing a plant-based
source of this vital mineral for populations
at risk of deficiency [26,27].

* Calcium: Essential for strong bones and
teeth, calcium is often lacking in diets
reliant on major staple crops. Certain LKC
vegetables, such as amaranth leaves and
drumstick (Moringa oleifera) pods, are
good sources of calcium, offering an
alternative for individuals with limited dairy
intake (Ajiwe et al.,, 2019; Anwar et al.,
2007).

* Zinc: Zinc plays a crucial role in immune
function, wound healing, and enzyme
activity. Many LKC varieties, including
pumpkin seeds and quinoa, are good
sources of zinc, contributing to a balanced
and adequate diet [28,29].

5.3 Antioxidants

LKCs are often rich in antioxidants, which protect
cells from damage caused by free radicals.
These antioxidants contribute to reducing the risk
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of chronic diseases like heart disease, cancer,
and diabetes. Here are some examples:

* Phenolic compounds: These antioxidants
are abundant in many LKC fruits and
vegetables, including berries, dark-colored
leafy greens, and pigmented tubers.
Phenolics scavenge free radicals and help
reduce oxidative stress in the body [30].

» Carotenoids: These antioxidant pigments
contribute to the vibrant colors of many
LKCs like orange-fleshed sweet potatoes
and carrots. Carotenoids, besides their role
in vitamin A conversion, also possess
antioxidant properties that protect cells
from damage [31,32,33].

6. NUTRITIONAL COMPOSITION OF
LESSER-KNOWN CROPS (continued)

6.1 Comparison with

Cultivated Crops

Commonly

While major crops like rice and wheat form the
staple food sources in many regions [36], LKCs
often offer a more diverse and nutrient-rich
alternative. Here's a table comparing the
nutritional content of selected LKCs with
commonly cultivated crops (all values are per
100g edible portion):

6.2 Potential Health Benefits
The diverse nutritional profile of LKCs translates

into a range of potential health benefits. Here are
some key examples:

« Combating Micronutrient Deficiencies:
LKCs can play a crucial role in
addressing deficiencies in vitamin A, iron,
and other essential nutrients,
particularly in populations relying
heavily on major staple crops (Mutter et al.,
2010).

» Strengthening Immune Function: Rich in
vitamins and minerals like vitamin
C, zinc, and iron, LKCs can
contribute to a robust immune
system, better equipped to fight infections
[29].

 Reducing Chronic Disease Risk: The
presence of antioxidants like phenolic
compounds and carotenoids in LKCs may
help reduce the risk of chronic diseases
like heart disease, cancer, and diabetes
[30,31].

e Promoting Gut Health: Certain LKC
varieties, especially those high in fiber
content like legumes and some
vegetables, can contribute to a healthy gut
microbiome, supporting overall digestive
health (Singh et al., 2018).

6.3 Environmental Benefits of Lesser-
Known Crops

The integration of LKCs into agricultural practices
offers a multitude of environmental benefits,
contributing to a more sustainable food system.
Here, we explore three key areas
where LKCs can make a significant positive
impact.

Table 1. Comparison with Commonly Cultivated Crops

Nutrient LKC Value Common Crop Value Reference
Example Example

Vitamin A (RE)  Orangefleshed 1120 yg  White Rice 0 ug [Muthayya et al.,
Sweet Potato 2015]

Vitamin B1 (mg) Moringa Leaves 1.1 mg Wheat 0.3mg [Fuglie, [25]

Vitamin C (mg)  Jamun Fruit 200 mg Orange 53 mg [Yadav et al., 2009]

Iron (mg) Lentils 7.3 mg White Rice 0.8 mg [Igbal et al., [26]

Calcium (mg) Amaranth 500 mg  White 52 mg [Ajiwe et al., [3]
Leaves Bread

Zinc (mgq) Pumpkin Seeds 7.8 mg Corn 2.2mg [Liu et al., [17]

Key takeaways from the table:
° LKCs like orange-fleshed sweet potato offer significantly higher vitamin A content compared to white rice
° Moringa leaves are a richer source of vitamin B1 than wheat
. Jamun fruit boasts a higher vitamin C content than oranges
. Lentils are a valuable plant-based source of iron, exceeding the amount found in white rice
*  Amaranth leaves are a good alternative for calcium compared to white bread
. Pumpkin seeds contain more zinc than corn
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6.4 Biodiversity Conservation

LKCs, by their very nature, promote biodiversity
within agricultural landscapes. Unlike
monoculture practices reliant on a few major
crops, LKC integration fosters a more diverse
cropping system. This diversity provides habitat
for beneficial insects, pollinators, and other
organisms, creating a more balanced ecosystem.
Additionally, many LKC varieties are
nitrogenfixing legumes. These legumes
contribute to increased biodiversity by enriching
the soil with nitrogen, reducing reliance on
synthetic fertilizers and fostering the growth of
other plant species [34,35].

6.5 Soil Health and Fertility Enhancement

LKCs play a crucial role in promoting healthy soil,
the foundation of a sustainable food system.
Here's how:

* Reduced Soil Erosion: Many LKC
varieties have deep root systems that help
anchor the soil, reducing erosion caused
by wind and rain. This is particularly
valuable in arid and semi-arid regions [26].

 Improved Soil Organic Matter: LKCs,
especially cover crops, contribute to
increased soil organic matter content. This
organic matter improves soil structure,
water infiltration capacity, and nutrient
retention, leading to healthier and more
productive soils in the long run [5].

* Nitrogen Fixation: Nitrogen-fixing
legumes in LKC cropping systems enrich
the soil with nitrogen, a vital plant nutrient.
This reduces reliance on synthetic nitrogen
fertilizers, promoting a more sustainable
and environmentally friendly agricultural
approach [37].

6.6 Water Use Efficiency and Resilience
to Climate Change

Water scarcity is a growing concern globally, and
agriculture is a major water consumer. LKCs
offer distinct advantages in terms of water use
efficiency:

+ Lower Water Requirements: Compared
to major crops like rice, many LKC
varieties are drought-tolerant and require
less water for growth. This is particularly
beneficial in water-scarce regions [27].

 Improved Water Infiltration: The deep
root systems of some LKCs enhance water
infiltration into the soil, reducing water

runoff and promoting efficient water
utilization [38].

* Climate Resilience: LKCs often exhibit
greater adaptability to changing climatic
conditions like drought and heat stress.
Integrating these resilient crops into
agricultural systems can help farmers cope
with the challenges posed by climate

change [4]

6.7 Agricultural Practices and
Cultivation Techniques for LKCs in

Pakistan
The successful integration of LKCs into
Pakistan's agricultural landscape requires
adopting suitable cultivation practices and
techniqgues. Here, we explore two Kkey

approaches that can optimize LKC production:

6.7.1 Crop rotation and diversification

Crop rotation, the practice of planting different
crops in sequence on the same land, offers
numerous benefits for LKC cultivation:

 Improved Soil Fertility: Rotating LKCs
with other crops, especially nitrogen-fixing
legumes, helps maintain soil fertility and
reduce reliance on synthetic fertilizers. For
example, rotating moringa with cereals can
improve soil nitrogen content, benefiting
subsequent crops [48].

* Reduced Pest and Disease Pressure:
Crop rotation disrupts the life cycles of
pests and diseasecausing organisms
specific to a particular crop. This can help
minimize pest and disease outbreaks in
LKC production [6].

« Enhanced Weed Control: Rotating crops
with different growth habits and allelopathic
properties (the ability of one plant to
suppress the growth of another) can help
control weeds organically, reducing
reliance on herbicides [39].

6.7.2 Diversification within LKC systems

Integrating multiple LKC varieties within the
same cropping system offers additional
advantages:

 Extended Harvest Season: By selecting
LKC varieties with varying maturity
periods, farmers can extend their harvest
window and ensure a more consistent
supply throughout the year [4].

* Improved Resource Utilization: Different
LKC varieties have varying nutrient and
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water requirements. Diversification allows
for more efficient use of available
resources within the agroecosystem.

Enhanced Ecosystem Services: A diverse LKC
system fosters a more balanced ecosystem,
attracting beneficial insects like pollinators and
natural pest controllers [27].

6.8 Agroecological Approaches for LKC
Cultivation in Pakistan

Agroecology, a holistic approach to agriculture
that emphasizes ecological principles, provides a
framework for optimizing LKC cultivation in
Pakistan. Here are some key agroecological
practices applicable to LKCs:

+ Organic Matter Management:
Composting crop residues and
incorporating them into the soil improves
soil health and fertility, reducing reliance
on external inputs [40]. This is particularly
important for organic LKC production.

« Water Conservation Techniques: Drip
irrigation, rainwater  harvesting, and
mulching can significantly improve water
use efficiency, a crucial consideration in
water-scarce regions like Pakistan [7].

+ Biological Pest Control: Encouraging
natural predators and promoting habitat for
beneficial insects can help control pests
organically, minimizing reliance on
chemical pesticides [6].

6.8.1 Traditional
innovations

knowledge and modern

Optimizing LKC cultivation in Pakistan requires

leveraging both traditional knowledge and
modern innovations. Here's how these
approaches can work together:

« Traditional Crop Management

Practices: Indigenous knowledge about
planting times, spacing requirements, and
natural pest control methods for specific
LKC varieties can be valuable for informing
cultivation practices [41]. This knowledge,
when combined with scientific research,
can lead to the development of location-
specific LKC cultivation guidelines.

* Improved Seed Varieties: Modern plant
breeding techniques can be used to
develop improved LKC varieties with
higher vyields, better disease resistance,
and improved adaptation to local climatic

conditions [42]. However, it's crucial to

ensure these advancements are
accessible to small-scale farmers and
consider traditional seed  selection
practices.

* Precision Agriculture Technologies:
Techniques like sensor-based irrigation

systems and targeted nutrient delivery can
optimize resource use efficiency in LKC
production [43]. However, ensuring
affordability and accessibility of these
technologies for smallholder farmers in
Pakistan is crucial.

6.8.2 Case studies: success stories and

lessons learned

Examining successful LKC integration initiatives
globally can provide valuable insights for
Pakistan's LKC development strategies. Here are
two inspiring case studies:

Case Study 1: Moringa Cultivation in Malawi
(World Vision)

* Project: World Vision, an international
humanitarian  organization, has been
promoting moringa cultivation in Malawi
since 2005.

LKCs Integrated: Moringa oleifera, a drought-
resistant and highly nutritious tree.

e Impact on Local Communities: Improved
nutrition: Moringa leaves are a rich source
of vitamins, minerals, and antioxidants,
combatting malnutrition in local
communities [44].

e Increased income generation: Farmers
can generate income by selling moringa

leaves, seeds, and powder, fostering
economic empowerment [45].
e Enhanced food security: Moringa's

drought tolerance and year-round leaf
production contribute to greater food
security, especially during dry seasons
[46].

e Lessons Learned: o Importance of
training and education: Providing farmers
with  training on moringa cultivation
practices, processing techniques, and
market linkages is crucial for project
sustainability [47]. o] Community
involvement; Active participation of local
communities in project design and
implementation ensures ownership and
long-term success [26].
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Case Study 2: Scaling Up Underutilized
Andean Crops in Peru (Bioversity
International)

* Project: Bioversity International, a global
research organization, has been working
with communities in Peru to promote the
cultivation and consumption of
underutilized Andean crops like quinoa,
kiwicha (amaranth), and cafiahua.

« LKCs Integrated: Quinoa, kiwicha, and
cafahua — all highly nutritious and climate-
resilient Andean grains.

* Impact on Local Communities and
Ecosystems: o Revitalized cultural heritage:
The project revived traditional knowledge
and practices associated with these LKC
varieties, strengthening cultural identity [47].
o Improved livelihoods: Increased production
and market access for these LKCs have led
to improved livelihoods for local farmers [47].
o Enhanced ecosystem services: These
crops are well-adapted to the Andean
highlands, promoting biodiversity and soil
health [47].

* Lessons Learned: o Importance of market
development: Creating strong market
linkages for LKC products is essential for
ensuring farmer profitability and project
sustainability [47].

*  Multi-stakeholder
Collaboration between research
institutions, farmers' organizations, and
policymakers is crucial for scaling up LKC
adoption [47].

collaboration:

6.8.3 challenges faced and strategies for
overcoming them

While the case studies showcase the potential of
LKCs, integrating them into mainstream
agriculture in Pakistan faces some challenges.
Here are some key obstacles and potential
solutions:

+ Limited Consumer Awareness: Many
consumers in Pakistan are unfamiliar with
LKCs and their nutritional benefits. This
hinders market demand for these crops.

Strategy: Public  awareness  campaigns
promoting the nutritional value and culinary
applications of LKCs can be implemented.
Additionally, incorporating LKCs into school meal
programs can expose children to these healthy
options.

* Weak Market Linkages: Inadequate
infrastructure and limited connections
between LKC producers and potential
buyers can hinder market access for
farmers.

» Strategy: Strengthening farmer
cooperatives, establishing dedicated LKC
markets, and connecting producers with
restaurants and supermarkets can create
more robust market linkages.

e Lack of Quality Seed Availability:
Limited access to high-quality LKC seeds
can restrict production and hinder yield
potential.

e Strategy: Government and research
institutions can invest in seed multiplication
programs for LKC varieties well-suited to
Pakistani conditions. Partnering with
private seed companies can further
enhance seed availability.

* Insufficient Research and Extension
Services: Limited research on optimal
cultivation practices, storage techniques,
and value addition for LKCs can hamper
LKC development.

e Strategy: Increased government and
international donor funding for research on
LKCs, along with extension services
providing training to farmers on best
practices, can address this knowledge gap

6.8.4 Policy implications and FUTURE

directions

Promoting LKC adoption in Pakistan requires a
supportive policy framework and a focus on key
research areas. Let's delve into these aspects:

6.8.5 Policy frameworks supporting LKC
cultivation

« Government Incentives: Financial
incentives like subsidies for LKC seed
purchase, organic certification costs, and
storage infrastructure development can
encourage farmer adoption [47].

*  Minimum Support Price  (MSP):
Establishing a fair MSP for LKCs can
provide farmers with price stability and
incentivize production [48].

* Inclusion in Public Procurement
Programs: Integrating LKCs into school
meal programs and government food
security initiatives can create a guaranteed
market for producers [49].

 Streamlined Regulatory Processes:
Simplifying regulations and certification
procedures for organic LKC production can
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encourage sustainable farming practices
[50].

Research priorities and knowledge
gaps (Pakistan perspective)

Location-Specific Cultivation Practices:
Conducting research to develop optimal
planting times, water management
strategies, and suitable companion
planting options for LKCs under diverse
Pakistani agro-ecological conditions s
crucial [10].

Post-harvest Handling and Value
Addition: Research on efficient storage
techniques, processing methods, and
product development for LKCs can
enhance their shelf life, marketability, and

create new income opportunities for
farmers [51].
Consumer  Awareness Campaigns:

Investing in public education campaigns to
raise awareness about the nutritional
value, culinary applications, and health
benefits of LKCs is essential for promoting
consumer demand [51].

Economic Feasibility Studies: Assessing the
economic viability of LKC production for different

farm

sizes and regions can inform policy

decisions and guide farmers' investment choices

[30].

6.8.7

incentives

Nutritional Profiling and Bioavailability:
Conducting  comprehensive  nutritional
analyses specific to Pakistani LKC
varieties  and understanding  their
bioavailability in the human body is
crucial for maximizing their nutritional
impact [41].

Policy frameworks supporting LKC
cultivation

Financial
LKC seed

Government Incentives:
like subsidies for

purchase, organic certification costs, and

storage
encourage
targeting

infrastructure
farmer
these

development can
adoption.  However,
incentives towards

smallholder farmers who will benefit most is
crucial [20].

Public-Private  Partnerships (PPPs):
Collaboration between government
agencies, private seed companies, and
research  institutions can leverage
expertise and resources for LKC seed

production, distribution, and market
development [31].

Risk-Sharing Mechanisms: Providing
crop insurance or loan guarantees
specifically for LKC production can mitigate
risks associated with new crop adoption
and incentivize investment [52].

Import Substitution: Implementing
policies that encourage the use of LKCs as
substitutes for imported food items can
promote domestic production and reduce

reliance on foreign markets [49].

6.8.8 Investment opportunities

Private Sector Investment: Creating a
stable and predictable policy environment
can attract private sector investment in
LKC processing facilities, value addition
ventures, and cold chain infrastructure to
minimize post-harvest losses [5].

Impact Investing: Encouraging impact
investment funds to support LKC-based
businesses can provide financial resources
while promoting social and environmental
benefits [53-55].

Microfinance Institutions: Microfinance
institutions can offer targeted loans to
smallholder farmers for LKC production,
facilitating easier access to capital [20].
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Farmer Cluster Development: Forming
farmer clusters for LKC production can
facilitate knowledge sharing, collective
marketing, [56-58] and bulk procurement of
inputs, leading to economies of scale [18].

Farmer Training Programs: Providing
training programs on LKC cultivation
practices, postharvest handling,

and value addition can equip farmers with
the necessary skills to succeed [7].

Demonstration Plots and Farmer Field
Schools: Establishing demonstration plots
showcasing successful LKC cultivation

methods and conducting farmer field
schools can provide practical
learning opportunities for wider adoption
[18].

Integration with Existing Programs:
Integrating LKC promotion into existing
agricultural development programs and
food security initiatives can leverage
existing infrastructure and resources for
wider impact [59,60].
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7. CONCLUSION

In conclusion, our exploration of lesser-known
crops (LKCs) reveals their immense potential for
Pakistan's sustainable agriculture future. From
promoting biodiversity and enhancing soil health
to improving water use efficiency and bolstering
food security, LKCs offer a compelling path
forward. Their rich nutritional content can
address malnutrition, particularly in vulnerable
communities.

However,  mainstreaming LKCs requires
concerted action from various stakeholders.
Supportive policy frameworks with incentives and
risk-sharing mechanisms can encourage farmer
adoption. Investment in research on location-
specific  cultivation  practices, post-harvest
handling, and consumer awareness campaigns
is crucial. Collaboration between government
agencies, private sector entities, and research
institutions can leverage expertise and resources
for LKC seed production, market development,
and infrastructure creation. By forming farmer
clusters, providing training programs, and
establishing demonstration plots, Pakistan can
unlock the potential of LKCs for wider impact.
Integrating LKCs with existing agricultural
development programs can further amplify their
contribution to a more diversified, nutritious, and
resilient food system for the nation.
Embracing LKCs presents a strategic opportunity
for Pakistan to ensure a sustainable and food-
secure future.
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