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Abstract This study explores the cultivation of specialty wheats, focusing on the opportunities and challenges they present.
Specialty wheats, including ancient grains, colored wheats, gluten-free varieties, and high-nutritional wheats, offer advantages such
as enhanced nutritional value, adaptability to specific environments, and meeting market demands. However, these varieties face
challenges such as lower yields, limited market acceptance, and susceptibility to pests and diseases. The study discusses the potential
of specialty wheats in organic agriculture and the functional food market, especially with the support of precision agriculture and
genomic editing technologies, which can improve yields and environmental resilience. Additionally, low-input farming systems
contribute to sustainable agriculture by reducing environmental footprints. The study suggests overcoming existing barriers through
policy support, innovative breeding, and market strategies to promote the widespread cultivation and application of specialty wheats.
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1 Introduction

Specialty wheats refer to varieties of wheat that are cultivated for specific traits or uses, which may include
enhanced nutritional content, unique flavors, or suitability for particular environmental conditions. These varieties
are often developed through selective breeding or genetic modification to meet specific consumer demands or to
adapt to challenging growing conditions. The scope of specialty wheats encompasses a wide range of applications,
from health-focused products to sustainable agricultural practices, aiming to address both market needs and
environmental challenges (Bhalla, 2006; Ying et al., 2019; Li et al., 2021).

Historically, wheat has been a cornerstone of global food security, contributing significantly to dietary calories and
proteins worldwide. The Green Revolution marked a pivotal moment in wheat production, dramatically increasing
yields and stabilizing food prices, which benefited both producers and consumers (Asseng et al., 2020). However,
the demand for wheat continues to grow, particularly in developing regions, necessitating further innovations in
wheat cultivation (Asseng et al., 2020).

Specialty wheats offer economic opportunities by catering to niche markets and potentially commanding higher
prices due to their unique attributes. They also play a role in diversifying agricultural systems and enhancing
resilience against biotic and abiotic stresses (Joshi et al., 2008; Chatrath et al., 2021; Bapela et al., 2022).

This review is to explore the opportunities and challenges associated with the cultivation of specialty wheats. This
includes examining the potential of these varieties to contribute to sustainable agriculture, improve food security,
and meet the evolving demands of consumers.

The review also aims to highlight the technological and genetic advancements that facilitate the development of
specialty wheats, as well as the economic and environmental implications of their cultivation. Understanding these
factors is crucial for stakeholders, including farmers, researchers, and policymakers, to make informed decisions
that support the sustainable growth of the wheat industry.
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2 Types of Specialty Wheats

2.1 Ancient grains

Ancient grains such as Einkorn, Emmer, and Spelt have gained renewed interest due to their unique nutritional
profiles and potential health benefits. These grains are considered more resilient to certain environmental stresses
compared to modern wheat varieties, which makes them attractive for cultivation in regions facing climate
challenges. Their genetic diversity offers opportunities for breeding programs aimed at improving drought
tolerance and disease resistance, which are critical in the face of global climate change (Li et al., 2021; Bapela et
al., 2022).

However, the cultivation of ancient grains presents several challenges. These grains often have lower yields
compared to modern wheat varieties, which can limit their economic viability for large-scale production.
Additionally, the processing and marketing of ancient grains require specialized knowledge and infrastructure,
which can be a barrier for farmers and producers. Despite these challenges, the growing consumer demand for
diverse and nutritious food options provides a promising market for ancient grains (Chatrath et al., 2007; Shiferaw
etal., 2013).

2.2 Colored wheats

Colored wheats, such as red, purple, and black varieties, are valued for their high antioxidant content, which is
linked to various health benefits. These wheats contain anthocyanins and other phenolic compounds that
contribute to their distinctive colors and potential health-promoting properties. The cultivation of colored wheats
can be an opportunity to diversify agricultural products and meet the increasing consumer demand for functional
foods (Bhalla, 2006; Asseng et al., 2020).

Despite their benefits, colored wheats face challenges in terms of agronomic performance and market acceptance.
These varieties may require specific growing conditions to achieve optimal color and nutritional quality, which
can limit their adaptability to different environments. Additionally, consumer awareness and acceptance of colored
wheats are still developing, which can affect market penetration. Efforts to educate consumers and promote the
health benefits of colored wheats are essential to overcoming these challenges (Joshi et al., 2007; Li et al., 2021).

2.3 Gluten-free varieties

Gluten-free varieties such as Teff and Kamut are increasingly popular due to the rising prevalence of
gluten-related disorders and the growing demand for gluten-free products. Teff, in particular, is a nutrient-dense
grain that is rich in protein, fiber, and essential minerals, making it an attractive option for health-conscious
consumers. These grains can be used in blends to create gluten-free products that cater to a wider audience (Bhalla,
2006; Ying et al., 2019).

However, the production of gluten-free grains poses several challenges. The cultivation of these grains may
require different agronomic practices compared to traditional wheat, which can increase production costs.
Additionally, the gluten-free market is highly competitive, and producers must ensure that their products meet
strict quality and safety standards. Despite these challenges, the expanding gluten-free market offers significant
opportunities for producers willing to invest in these specialty grains (Chatrath et al., 2007; Shiferaw et al., 2013).

2.4 High-nutritional wheats

High-nutritional wheats, including high-protein and low-glycemic index (GI) varieties, are developed to meet the
growing demand for healthier food options. These wheats are bred to enhance specific nutritional attributes, such
as increased protein content and reduced carbohydrate impact on blood sugar levels. The development of such
varieties aligns with global health trends and offers opportunities for improving dietary quality (Joshi et al., 2007;
Asseng et al., 2020).

The cultivation of high-nutritional wheats involves challenges related to breeding and market acceptance.
Developing these varieties requires advanced breeding techniques and a deep understanding of genetic traits,
which can be resource-intensive. Additionally, consumer education is crucial to highlight the benefits of
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high-nutritional wheats and drive market demand. Despite these challenges, the potential health benefits and
market opportunities make high-nutritional wheats a promising area for future agricultural innovation (Li et al.,
2021; Bapela et al., 2022).

3 Opportunities in Wheat Cultivation

3.1 Market trends and consumer demand

The increasing consumer interest in functional foods presents a significant opportunity for specialty wheat
cultivation. Functional foods, which offer health benefits beyond basic nutrition, are gaining popularity as
consumers become more health-conscious. This trend is driving demand for wheat varieties that are rich in
nutrients and have specific health benefits, such as high fiber content or antioxidant properties (Chatrath et al.,
2007; Shiferaw et al., 2013).

The organic and sustainable food movements are also creating opportunities for specialty wheats. Consumers are
increasingly seeking products that are produced sustainably and organically, which aligns with the cultivation of
specialty wheats that often require less intensive chemical inputs. This shift in consumer preferences supports the
development of wheat varieties that are better suited for organic farming practices, thereby opening new market
segments for farmers (Chatrath et al., 2007; Shiferaw et al., 2013).

3.2 Economic and trade benefits

Specialty wheats have significant export potential due to their unique qualities and the premium prices they can
command in international markets. Countries that can produce high-quality specialty wheats have the opportunity
to tap into niche markets abroad, where consumers are willing to pay more for distinctive wheat products. This
can lead to increased revenue for farmers and contribute to the economic growth of wheat-producing regions
(Chatrath et al., 2007; Shiferaw et al., 2013).

The rise of artisanal baking and brewing industries has created niche markets for specialty wheats. These
industries often seek unique wheat varieties that offer distinct flavors and textures, which are essential for crafting
high-quality artisanal products. By cultivating specialty wheats, farmers can cater to these niche markets, thereby
diversifying their income streams and reducing reliance on traditional wheat markets (Chatrath et al., 2007;
Shiferaw et al., 2013).

3.3 Genetic and agronomic advancements

Advancements in genetic and agronomic research offer opportunities to breed specialty wheats that are both
high-yielding and resilient to environmental stresses. Newer wheat varieties have been developed to produce more
grain while reducing nitrogen emissions, which is crucial for sustainable agriculture (Bhalla, 2006; Ying et al.,
2019; Bapela et al., 2022). These advancements can help meet the growing demand for wheat while minimizing
environmental impact.

The development of diverse wheat varieties through genetic improvement and breeding techniques provides an
opportunity for crop diversification. This diversification can enhance food security by reducing dependency on a
limited number of wheat varieties and increasing resilience to climate change and other agricultural challenges (Li
et al., 2021; Bapela et al., 2022). By exploring the genetic potential of wheat, farmers can cultivate a wider range
of specialty wheats that meet specific market demands and environmental conditions.

4 Agronomic and Environmental Challenges

4.1 Adaptation to diverse climates

The cultivation of specialty wheats faces significant challenges in adapting to diverse climatic conditions. Climate
change has introduced a range of abiotic stresses, such as drought and extreme temperatures, which threaten wheat
production globally. The genetic improvement of wheat for drought tolerance is crucial, as recurrent droughts can
severely impact yield. Breeding programs have focused on developing drought-tolerant varieties by exploiting
genetic variation and understanding the physiological and biochemical mechanisms that contribute to drought
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resilience (Table 1) (Bapela et al., 2022; Trono and Pecchioni, 2022). However, the adaptation of specialty wheats
to diverse climates remains a complex task due to the variability in environmental conditions and the need for
specific genetic traits that confer resilience (Beres et al., 2022).

Table 1 Impact of drought stress on agro-physiological traits in wheat (Adopted from Bapela et al., 2022)

Agronomic Trait Reduction (%) Location/Country
Plant height 34.45% Pakistan

Number of tillers per plant 25.43%

Grains per spike 38.10%

Grain yield 62.75%

1000-grain weight 19.42%

Biomass 27.05% China

Grain yield 25%

Grain numbers per spike 48% Kansas State University, USA
Individual grain weight [mg] 35%

Leaf photosynthetic rate 32%

Chlorophyllcontent 19%

Spikelet fertility 29%

Plantheight 14.7% Egypt

Days to 50% heading 4.78

Number of effective tillers 36.3%

Spike length 23.7%

1000-grain weight 16.4%

Grain yield 43.2%

Biomass 32.9%

Harvest index 12.7%

Number of grains perspike 50% South Africa
Root bimass 23% South Africa
Grainyield 40% SouthAfrica
Above-ground biomass 45% Colorado State University, USA
Leaf water content (LWC) in cultivars Seri 64.9% Philippines

M82 and Weebil4,respectively 73.8%

LWC in cultivars Kukriand 72.6%~54.4% Australia
Excalibur, respectively 74.5%~50.5%

Moreover, the adaptation of specialty wheats to different climates is further complicated by the need to balance
yield potential with environmental sustainability. While modern breeding techniques have improved yield
potential, they often require specific environmental conditions to achieve optimal results. For instance, durum
wheat, widely cultivated in the Mediterranean, faces challenges due to its reliance on genetically uniform varieties
that are less resistant to environmental stress (Licaj et al., 2023). Therefore, there is a need for innovative breeding
strategies that incorporate genetic diversity to enhance the adaptability of specialty wheats to a range of climatic
conditions (Mondal et al., 2016; Fellahi et al., 2024).

4.2 Pest and disease susceptibility

Specialty wheats are often more susceptible to pests and diseases compared to conventional varieties, posing a
significant challenge to their cultivation. The genetic diversity within wheat species offers potential for improving
resistance to diseases and pests, but the process of incorporating these traits into specialty wheats is
time-consuming and complex (Mondal et al., 2016). For example, Khorasan wheat, a type of ancient wheat,
exhibits high susceptibility to powdery mildew and other fungal diseases, making it more suitable for organic
farming systems where chemical control is limited (Grausgruber et al., 2005). This susceptibility necessitates the
development of integrated pest management strategies that can effectively mitigate these risks while maintaining
the integrity of specialty wheat production.
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The management of pest and disease susceptibility in specialty wheats also requires a comprehensive
understanding of the interactions between genotype, environment, and management practices. The development of
resistant cultivars is lagging, particularly for serious threats like Fusarium head blight, which affects durum wheat
(Beres et al., 2022). Advances in genetic engineering and breeding techniques, such as the use of cisgenic methods
and CRISPR/Cas9 tools, offer promising avenues for enhancing disease resistance in specialty wheats (Trono and
Pecchioni, 2022). However, these technologies must be integrated into broader agronomic systems to ensure
sustainable production and minimize the impact of pests and diseases (O'Leary et al., 2018).

4.3 Yield and economic viability

The yield and economic viability of specialty wheats are critical factors that influence their cultivation. Specialty
wheats often have lower yields compared to modern wheat varieties, which can limit their economic attractiveness
to farmers. For instance, Khorasan wheat yields significantly less than modern durum wheats, which poses a
challenge for its widespread adoption (Grausgruber et al., 2005). Despite this, specialty wheats offer unique
market opportunities due to their nutritional and organoleptic qualities, which can command premium prices in
niche markets (Grausgruber et al., 2005). Therefore, balancing yield with market demand is essential for the
economic viability of specialty wheats.

Economic viability is also influenced by the cost of production and the ability to compete with conventional wheat
varieties. While vertical farming offers a potential solution to increase wheat yields by optimizing growing
conditions, the high energy and capital costs associated with this method make it economically uncompetitive
with current market prices (Asseng et al., 2020). Therefore, improving the economic viability of specialty wheats
requires a multifaceted approach that includes optimizing agronomic practices, enhancing genetic traits for yield
improvement, and developing market strategies that capitalize on the unique attributes of specialty wheats (Ying
et al., 2019; Fellahi et al., 2024).

5 Market and Policy Barriers

5.1 Lack of awareness among farmers and consumers

A significant barrier to the cultivation of specialty wheats is the lack of awareness among both farmers and
consumers. Farmers often remain uninformed about the potential benefits and market opportunities associated
with specialty wheats, which can lead to low adoption rates. This lack of awareness is compounded by insufficient
extension services and limited access to information, which are crucial for educating farmers about new
agricultural technologies and practices (Yigezu et al., 2021). Additionally, consumers may not be fully aware of
the nutritional and culinary benefits of specialty wheats, which can limit market demand and discourage farmers
from diversifying their crops (Mamine and Fares, 2020).

Efforts to increase awareness must focus on both ends of the supply chain. For farmers, this could involve
enhanced extension services and training programs that highlight the economic and environmental benefits of
specialty wheats. For consumers, marketing campaigns and educational initiatives can help to build demand by
emphasizing the unique qualities and health benefits of these grains. Bridging this awareness gap is essential for
fostering a supportive market environment that encourages the cultivation and consumption of specialty wheats
(Chatrath et al., 2007; Mamine and Fares, 2020).

5.2 Regulatory challenges in seed certification

Regulatory challenges in seed certification present another significant barrier to the cultivation of specialty wheats.
Stringent and often outdated seed certification processes can hinder the introduction and adoption of new wheat
varieties. In some regions, the imbalance of power among actors in the seed sector and ill-conceived variety
licensing contracts further complicate access to seeds of newly released varieties (Yigezu et al., 2021). These
regulatory hurdles can delay the availability of improved seeds to farmers, thereby slowing the diffusion of
innovative agricultural practices (Yigezu et al., 2021).
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To overcome these challenges, there is a need for policy reforms that streamline seed certification processes and
promote transparency and fairness in seed licensing. Encouraging private sector engagement in seed
multiplication and revising variety testing procedures can also facilitate the introduction of new specialty wheat
varieties. Such reforms would not only enhance the availability of high-quality seeds but also support the broader
adoption of specialty wheats by reducing bureaucratic obstacles (Joshi et al., 2007; Yigezu et al., 2021).

5.3 Difficulties in marketing and supply chain integration

Marketing and supply chain integration pose significant challenges for the cultivation of specialty wheats. The
lack of a well-structured value chain can impede the efficient distribution and marketing of these crops. Technical
issues such as varietal selection, crop management, and storage, along with economic factors like cost and market
opportunities, contribute to the slow adoption and dissemination of specialty wheats (Mamine and Farés, 2020).
These challenges are exacerbated by the absence of robust market linkages and contracting mechanisms that can
ensure fair pricing and reliable demand for farmers (Mamine and Fares, 2020).

Addressing these difficulties requires a coordinated effort to develop a comprehensive value chain that supports
the production, processing, and marketing of specialty wheats. This includes fostering partnerships between
farmers, processors, and retailers to create a more integrated supply chain. Additionally, leveraging competitive
advantages such as superior product quality and ecosystem benefits can help to position specialty wheats more
favorably in the market. By focusing on these areas, stakeholders can enhance the marketability and profitability
of specialty wheats, encouraging greater adoption among farmers (Mamine and Fares, 2020).

6 Sustainability and Environmental Benefits

6.1 Potential for low-input farming systems

Specialty wheats, such as spelt and bread wheat landraces, offer significant potential for low-input farming
systems. These varieties are well-suited to environments with minimal nitrogen inputs, as they can maintain
productivity and quality even under marginal soil conditions. Spelt wheat, for instance, has been identified as a
viable alternative to common wheat in low nitrogen input systems, demonstrating resilience and adaptability in
both low-quality and fertile soils (Figure 1) (Sugar et al., 2019). Similarly, bread wheat landraces have shown
adaptability to low-input and organic environments, providing a valuable genetic resource for breeding programs
aimed at enhancing productivity in such systems (Korpetis et al., 2023).
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Figure 1 Harvest Index (HI) and NDVI of spelt (7. spelta) and common wheat (7. aestivum) across varieties under four different
nitrogen fertilisation treatments (0, 40 kg N ha™!, 80 kg N ha™! and 120 kg N ha™!) at Martonvasar (Hungary) in 2016, 2018 and 2019
(Adopted from Sugar et al., 2019)

Image caption: * indicates statistically significant difference between spelt and common wheat (Adopted from Sugér et al., 2019)
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The cultivation of specialty wheats in low-input systems not only supports sustainable agriculture but also reduces
the environmental footprint associated with high-input farming. By minimizing the need for synthetic fertilizers
and other inputs, these systems can decrease greenhouse gas emissions and other environmental impacts. For
example, the use of compost in dryland wheat cultivation has been shown to improve yield while reducing
negative environmental indicators, such as impacts on human health and ecosystem quality (Amirahmadi et al.,
2024). This approach aligns with the goals of sustainable agriculture by promoting resource efficiency and
environmental conservation.

6.2 Contribution to agro-biodiversity conservation

Specialty wheats play a crucial role in conserving agro-biodiversity, which is essential for resilient and sustainable
agricultural systems. The cultivation of diverse wheat varieties, including landraces and ancient grains, helps
maintain genetic diversity within agricultural landscapes. This diversity is vital for breeding programs that aim to
develop crops with improved resistance to diseases, pests, and changing climatic conditions (Korpetis et al., 2023;
Zhong, 2024). By preserving a wide range of genetic traits, specialty wheats contribute to the overall stability and
adaptability of agricultural systems.

Moreover, the promotion of agro-biodiversity through the cultivation of specialty wheats can mitigate the erosion
of genetic resources that has occurred with the widespread adoption of high-yielding commercial cultivars. The
reintroduction and cultivation of landraces, for example, can expand the genetic base of cultivated wheat,
providing a buffer against environmental stresses and enhancing the resilience of cropping systems (Korpetis et al.,
2023). This approach not only supports biodiversity conservation but also aligns with sustainable intensification
strategies that seek to balance productivity with environmental stewardship (Shiferaw et al., 2013).

6.3 Role in carbon sequestration and soil health improvement

The cultivation of specialty wheats can significantly contribute to carbon sequestration and the improvement of
soil health. Practices such as surface seeding and the use of compost in wheat cultivation have been shown to
enhance soil organic carbon levels and improve soil structure. Surface seeding, for instance, increases soil organic
carbon and improves soil aggregation, which are critical for maintaining soil health and fertility (Singh et al.,
2022). These practices also reduce the carbon footprint of wheat production by minimizing soil disturbance and
promoting carbon storage in the soil.

In addition to carbon sequestration, specialty wheats can improve soil health by enhancing nutrient cycling and
reducing the reliance on synthetic fertilizers. The integration of compost in wheat cultivation, particularly in
dryland systems, has been demonstrated to improve yield while reducing environmental impacts, such as
greenhouse gas emissions and resource depletion (Amirahmadi et al., 2024). By fostering healthier soils, specialty
wheats support sustainable agricultural practices that enhance long-term productivity and environmental resilience.
This approach aligns with the broader goals of ecological intensification, which seeks to optimize agricultural
outputs while minimizing negative environmental impacts (Cassman, 1999).

7 Technological and Research Developments

7.1 Advances in genomic tools for specialty wheat breeding

Recent advancements in genomic tools have significantly enhanced the breeding of specialty wheats by enabling
more precise and efficient selection processes. High-throughput genomic tools, such as single nucleotide
polymorphism (SNP) arrays and high-density molecular marker maps, have been developed to facilitate
genome-wide association studies (GWAS) and genomic selection. These tools allow breeders to efficiently
analyze genetic diversity and identify genomic regions associated with important agronomic traits, such as disease
resistance and stress tolerance (Rasheed and Xia, 2019; Paux et al., 2022). The integration of these genomic tools
into breeding programs has accelerated the development of wheat varieties with improved yield and quality,
addressing the challenges posed by climate change and increasing global food demands (Mondal et al., 2016; Li et
al., 2021).
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Moreover, the use of genome editing technologies, such as CRISPR, has opened new avenues for functional
genomics and genetic improvement in wheat. These technologies enable precise modifications of the wheat
genome, allowing for the introduction of beneficial traits without the need for traditional cross-breeding methods.
This is particularly important for overcoming the complexities associated with the hexaploid wheat genome,
which has historically impeded genetic research and breeding efforts (Li et al., 2021; Subedi et al., 2023). The
combination of genome editing with other molecular breeding strategies promises to further enhance the genetic
improvement of specialty wheats, ensuring their resilience and productivity in diverse environmental conditions
(Banka et al., 2024; Zhang et al., 2024).

7.2 Role of precision agriculture in enhancing cultivation

Precision agriculture plays a crucial role in enhancing the cultivation of specialty wheats by optimizing resource
use and improving crop management practices. The application of precision agriculture technologies, such as
remote sensing, GPS-guided equipment, and data analytics, allows for the precise monitoring and management of
wheat fields. These technologies enable farmers to apply inputs like water, fertilizers, and pesticides more
efficiently, reducing waste and minimizing environmental impact (Bhalla, 2006; Li et al., 2021). By tailoring
agricultural practices to the specific needs of each field, precision agriculture helps maximize yield and quality,
which is essential for meeting the growing demand for specialty wheat products (Paux et al., 2022; Haugrud et al.,
2024).

Furthermore, precision agriculture supports the integration of advanced breeding techniques by providing detailed
phenotypic data that can be used in genomic selection and breeding programs. High-throughput phenotyping
platforms, which are a component of precision agriculture, allow for the rapid assessment of plant traits under
various environmental conditions. This data is invaluable for breeders aiming to develop wheat varieties that are
not only high-yielding but also resilient to biotic and abiotic stresses (Mondal et al., 2016; Li et al., 2021). The
synergy between precision agriculture and genomic tools is pivotal in advancing the cultivation of specialty
wheats, ensuring sustainable production in the face of global challenges (Brinton et al., 2020).

7.3 Development of value-added products

The development of value-added products from specialty wheats is a growing area of interest, driven by consumer
demand for diverse and nutritious food options. Advances in genomics and breeding have facilitated the creation
of wheat varieties with enhanced nutritional profiles, such as increased levels of essential vitamins and minerals.
These biofortified wheats can be used to produce a range of value-added products, including health-focused foods
and functional ingredients, which cater to the evolving dietary preferences of consumers (Subedi et al., 2023;
Banka et al., 2024). The ability to tailor wheat varieties for specific end-use qualities, such as baking and milling,
further expands the potential for developing innovative products that meet market demands (Brinton et al., 2020).

In addition to nutritional enhancements, the development of value-added products also involves improving the
processing qualities of wheat. Genomic tools have enabled the identification of genetic loci associated with key
processing traits, allowing breeders to select for wheat varieties that perform well in industrial applications. This
includes traits such as dough strength and elasticity, which are critical for producing high-quality bread and pasta
products (Kumar et al., 2022; Subedi et al., 2023). By focusing on both nutritional and processing attributes, the
development of value-added products from specialty wheats not only adds economic value but also contributes to
food security and sustainability by promoting the use of diverse wheat varieties (Haugrud et al., 2024).

8 Future Directions and Recommendations

8.1 Integrating specialty wheats into mainstream agriculture

Integrating specialty wheats into mainstream agriculture requires a multifaceted approach that includes the
adoption of advanced breeding techniques and sustainable farming practices. The development of newer wheat
varieties that produce higher yields while reducing nitrogen emissions is a promising step towards sustainable
agriculture. These varieties have shown potential in reducing nitrogen losses significantly, which is crucial for

minimizing environmental impact while maintaining high productivity (Ying et al., 2019). Additionally, the use of
8
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genome-editing technologies and other advanced breeding methods can facilitate the development of elite wheat
cultivars that are resilient to climate change and other environmental stresses, thereby supporting their integration
into mainstream agriculture (Li et al., 2021).

Moreover, the successful integration of specialty wheats into mainstream agriculture will depend on overcoming
challenges such as biotic and abiotic stresses, which are prevalent in regions like South Asia. Addressing these
challenges through genetic improvements and better agronomic practices can help break yield barriers and
improve the resilience of wheat crops. Strengthening international collaborations, such as those with CIMMYTT,
can also play a vital role in developing more productive and sustainable wheat genotypes (Chatrath et al., 2007;
Joshi et al., 2007). By focusing on these strategies, specialty wheats can be effectively integrated into existing
agricultural systems, contributing to global food security.

8.2 Policy Support for Specialty Crop Farmers

Policy support is crucial for the successful cultivation and marketability of specialty wheats. Governments and
agricultural bodies need to implement policies that provide financial incentives and technical support to farmers
adopting specialty crops. This includes subsidies for adopting advanced technologies and practices that enhance
yield and reduce environmental impact, such as those demonstrated in the development of drought-tolerant wheat
varieties (Bapela et al., 2022). Additionally, policies should focus on improving infrastructure and market access
for specialty crop farmers, ensuring they can compete effectively in the global market (Shiferaw et al., 2023).

Furthermore, policy frameworks should encourage research and development in the field of specialty wheats,
promoting innovations that can lead to sustainable intensification of wheat production. This includes supporting
initiatives that aim to reduce the environmental footprint of wheat farming through the use of cutting-edge
technologies and sustainable practices (Li et al., 2021). By fostering an environment that supports innovation and
sustainability, policy measures can significantly enhance the viability and profitability of specialty wheat
cultivation.

8.3 Research priorities for enhancing cultivation and marketability

Research priorities for enhancing the cultivation and marketability of specialty wheats should focus on developing
varieties that meet specific quality and resilience criteria. This includes the use of genomics-assisted breeding to
improve end-use quality traits, such as milling and baking qualities, which are essential for meeting the demands
of millers and bakers in the international market (Subedi et al., 2023). Additionally, research should aim to
identify and utilize genetic variations that confer drought tolerance and other stress resistances, thereby improving
the adaptability of wheat to diverse environmental conditions (Bapela et al., 2022).

Another critical area of research is the exploration of innovative farming systems, such as vertical farming, which
can significantly increase wheat yields while minimizing land use and environmental impact. Although currently
not economically competitive, vertical farming presents a potential future direction for wheat production,
especially in regions facing climate challenges (Asseng et al., 2020). By prioritizing these research areas, the
cultivation and marketability of specialty wheats can be significantly enhanced, contributing to a more sustainable
and resilient agricultural sector.

9 Concluding Remarks

The cultivation of specialty wheats presents numerous opportunities and challenges in modern agriculture. On the
opportunity side, specialty wheats can contribute significantly to food security and sustainable agricultural
practices. They offer the potential for higher yields and improved environmental outcomes when integrated with
eco-friendly agricultural practices, such as compost fertilization and crop rotation, which have been shown to
enhance yield stability and reduce environmental impacts. Additionally, genetic engineering and breeding
innovations provide avenues to develop wheat varieties with enhanced tolerance to abiotic stresses like drought
and salinity, which are crucial for maintaining productivity in the face of climate change.
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However, challenges remain, particularly in terms of environmental sustainability and resource management. The
environmental impacts of wheat production, such as greenhouse gas emissions and resource depletion, need to be
addressed through sustainable practices and life cycle assessments. Moreover, the stagnation of wheat yields in
certain regions, such as South Asia, highlights the need for continued research and development to overcome
biotic and abiotic stresses and improve total factor productivity. The integration of innovative agricultural
practices and technologies is essential to meet these challenges and ensure the long-term viability of specialty
wheat cultivation.

Specialty wheats hold strategic importance in modern agriculture due to their potential to enhance food security
and support sustainable development. As a staple crop, wheat contributes significantly to global dietary needs,
providing essential carbohydrates and proteins. The development of specialty wheats tailored to specific regional
needs can promote agricultural innovation and economic growth, offering farmers opportunities for better income
and improved livelihoods. These crops can also play a crucial role in diversifying agricultural systems and
enhancing resilience against climate change and market fluctuations.

Furthermore, the strategic importance of specialty wheats is underscored by their role in international trade and
food security initiatives. The global wheat research community, through collaborations like the Wheat Initiative, is
focused on addressing production challenges and ensuring that wheat can meet future demand despite
environmental and economic pressures. By investing in research and innovation, and by adopting sustainable
intensification practices, the agricultural sector can harness the full potential of specialty wheats to contribute to a
more secure and sustainable food system.
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