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ABSTRACT

Climate change is a major factor driving global food and nutrition insecurity, affecting agricultural productivity and
food availability. Conventional strategies to mitigate food insecurity have been insufficient, leaving millions vulnerable
to malnutrition. Diversifying cropping systems beyond a few staple crops is essential to achieve food security goals.
Orphan legumes, such as African yam bean (Sphenostylis stenocarpa), represent underutilized crops with considerable
potential for climate resilience and nutritional value. Despite their promise, African yam bean suffers from low yields
and limited varietal development. This case report highlights the potential of modern biotechnological approaches
to enhance African yam bean productivity and quality. Techniques such as tissue culture, molecular marker-assisted
selection, genomic studies, and other omics technologies could address current limitations, while also improving
resistance to biotic and abiotic stress. The report underscores the importance of integrating biotechnology into orphan
crop improvement programs to achieve sustainable food systems and nutritional security in Sub-Saharan Africa.
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INTRODUCTION

Food and nutrition insecurity remains a critical challenge
worldwide, with climate change exacerbating declines
in crop productivity and availability. Malnutrition affects
millions, particularly in Africa and Asia, due to deficiencies
in protein, vitamins, and minerals. Conversely, overreliance
on calorie-rich diets contributes to obesity and other non-
communicable diseases [1,2]. Crop diversification is a
key strategy to improve food and nutrition security by
introducing alternative sources of essential nutrients.

Orphan crops, also referred to as underutilized or neglected
crops, are species that have received limited scientific
attention yet hold significant agricultural and nutritional
potential. Legumes are vital in human diets due to their
protein, mineral, and lipid content and contribute to
sustainable agriculture through nitrogen fixation. African
yam bean (Sphenostylis stenocarpa) is an orphan legume
with high nutritional value, climate resilience, and potential
for improving dietary diversity. However, low yields and long
cooking times limit its widespread adoption.

Modern biotechnological tools offer opportunities to
overcome these challenges. Tissue culture, molecular
markers, genomic sequencing, and omics technologies can

accelerate varietal improvement, enhance resistance to
pests and diseases, reduce maturation periods, and improve
cooking quality. Integrating these approaches can unlock
the full potential of African yam bean as a crop for food and
income security in sub-Saharan Africa [3].

CASE STUDY

African yam bean (AYB) is a tropical legume cultivated
primarily in West and Central Africa. It is valued for
both its seeds and tubers, which are rich in protein and
essential nutrients. Despite its adaptability to harsh climatic
conditions, AYB remains underutilized due to agronomic
challenges, including low yield, susceptibility to pests,
long maturity periods, and labor-intensive processing
requirements [4].

The crop holds promises for improving food security due
to its high nutritional value, nitrogen-fixing ability, and
climate resilience. By integrating AYB into cropping systems,
farmers can diversify food sources, enhance soil fertility,
and reduce dependence on a few staple crops such as maize,
rice, and wheat. Orphan legumes, including AYB, Bambara
ground nut, and Kersting’s ground nut, play a significant role
in promoting dietary diversity and sustainable agriculture
(Figure 1).
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Figure 1: Role of African yam bean in enhancing food
security through climate resilience, nutritional benefits, soil
fertility, and biotechnological improvements, contributing to
improved crop diversity.

DISCUSSION

Despite its potential, African yam bean has not seen significant
varietal improvement, largely due to limited scientific
research. Biotechnology offers a solution to overcome
these limitations. Techniques such as in vitro propagation,
molecular marker-assisted selection, and genomic analysis
can accelerate breeding programs and increase yield stability.
Tissue culture techniques enable rapid multiplication of high-
quality planting material, while molecular markers facilitate
the identification of desirable traits, including disease
resistance and drought tolerance [5-7].

Advances in genomics and other omics technologies,
including transcriptomics, proteomics, and metabolomics,
can provide deeper insights into the genetic and biochemical
pathways underlying AYB’s growth, nutrient composition,
and stress responses. The combination of these approaches
can aid in the evaluation of AYB’s complex physiology and
support the development of superior cultivars.

Furthermore, biotechnology can help reduce cooking time
and improve the palatability of AYB, makingitmoreacceptable
for consumption. The suppression of anti-nutritional
factors and enhancement of nutrient bioavailability
through modern breeding techniques can also contribute
to nutritional security [8]. Integrating biotechnology into
AYB improvement programs can therefore simultaneously
address climate resilience, food security, and malnutrition
challenges in sub-Saharan Africa.

However, potential risks must be considered, including
unintended ecological impacts, genetic erosion, and socio-
economic barriers to adoption. Sustainable and ethical
deployment of biotechnology requires careful planning,
farmer engagement, and regulatory oversight.

CONCLUSION

African yam bean represents an underutilized legume
with high potential to improve food and nutrition security
in regions vulnerable to climate change and malnutrition.
Biotechnological interventions, including tissue culture,
molecular markers, genomics, and omics approaches, offer
viable strategies for overcoming current limitations in yield,
disease resistance, and post-harvest qualities. By unlocking
the genetic potential of AYB, these approaches can support
sustainable crop production, diversify diets, and enhance the
resilience of smallholder farming systems. Future research
should prioritize integrated biotechnological strategies
for varietal improvement, ensuring that African yam bean
reaches its potential as a climate-resilient, nutrient-rich crop
for food and income security.
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