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Course Prerequisites: 
Plant Breeding Methods, Crop Improvement, Principles of Cultivar Development
Purpose
To examine how plant breeders can exploit the sources of parental germplasm of Bambara groundnut to define objectives on crop utilization, stakeholder needs, crop genetics, and characteristics to transform this crop from being underutilized to an opportunity crop.
Tasks Overview
The crop selected for this exercise is Bambara groundnut (Vigna subterranea [L.] Verdc.) 
Background
Bambara groundnut (Vigna subterranea (L.) Verdc.) is an indigenous African grain legume widely cultivated across sub-Saharan Africa (SSA), particularly in Burkina Faso, Niger, Nigeria, Cameroon, Mali, and the Democratic Republic of Congo (Mubaiwa et al., 2018). Bambara groundnut is well adapted to marginal environments characterized by low soil fertility, erratic rainfall, and high temperatures (Pasipanodya et al., 2025). Its seeds are nutritionally rich, providing substantial amounts of carbohydrates, protein, and essential minerals, and thus play an important role in household food and nutrition security (Mubaiwa et al., 2018; Pasipanodya et al., 2025). Bambara groundnut is a legume that helps improve soil fertility by fixing atmospheric nitrogen, especially when grown in rotation or intercropping systems (Tan et al., 2020).
Despite the benefits of Bambara groundnut, the crop remains underutilized and underrepresented in formal agricultural research and breeding programs, especially in SSA. The average yield is usually between 0.6 and 1.0 t ha⁻¹, but with better management, yields of 2–3 t ha⁻¹ are possible (Mubaiwa et al., 2018). This yield gap is due to the continued use of unimproved landraces, limited access to improved seed, weak seed systems, and insufficient funds spent on crop improvement (Tan et al., 2020; Mubaiwa et al., 2018; Pasipanodya et al., 2025). To guide genetic improvement efforts and make it easier for people to adopt better varieties, breeding goals must be clearly defined and based on a strong Target Product Profile (TPP).
A Target Product Profile (TPP) defines the ideal characteristics of a new variety for a specific user and environment. However, a TPP can be achieved only if appropriate parental germplasm is available. For Bambara groundnut, an underutilized crop with few elite cultivars, TPP development must be closely linked to the available germplasm base, including landraces and plant introductions.
Part A: Cultivars and Elite Breeding Lines  
Bambara groundnut breeding programs often lack superior varieties, and the few elite breeding lines are not widely available. Most of the breeding stock is selected from landraces, which makes selecting parents difficult.
1. Considering the lack of improved cultivars for Bambara groundnut, what is the baseline cultivar when establishing a TPP (dominant landraces)?
2. How does the lack of elite breeding materials limit the setting of reasonable yield and quality goals within a TPP?
3. What attributes could be feasibly enhanced using non-elite materials, and what attributes would be more challenging to pursue?
Part B: Germplasm Access
The parental germplasm for Bambara groundnut is largely sourced from the national and international gene banks. While access to germplasm is relatively easy, regulations govern its use and distribution.
1. How do access requirements and material transfer agreements affect the scalability and sustainability of a Bambara groundnut TPP?
2. Why is transparent documentation of germplasm important in the release of a TPP-based variety to different regions?
3. How can germplasm exchange limitations affect international Bambara groundnut TPPs?
Part C: Plant Introductions 
More than 6,000 accessions of Bambara groundnut seeds, predominantly from Africa, are stored in gene banks. Plant introductions are the main sources of novel genes that are absent or scarce in local landraces.
1. Among the TPP priority traits (reduced cooking difficulty, uniform maturity, stress tolerance), which ones are likely to be obtained through plant introductions as opposed to local landraces?
2. How can the diverse origins of plant introductions facilitate the development of environmentally specific TPPs?
3. What problems will arise if poorly adapted plant introductions are used to develop a TPP for farmers?
Part D: Germplasm Evaluation 
Although high genetic diversity has been documented in Bambara groundnut, this diversity has not yet been translated into improved cultivars. Effective evaluation and trait prioritization are essential to convert diversity into usable breeding outputs.
1. Why has high genetic diversity in Bambara groundnut not yet resulted in varieties that meet clear TPPs?
2. Which phenotypic traits should be prioritized during germplasm evaluation to inform TPP trait thresholds directly?
3. How should breeders manage trade‑offs between yield improvement and nutritional quality when refining TPP targets?
Part E: Parent Selection Strategy 
Parent selection determines whether a TPP can be translated into a viable breeding pipeline, particularly in crops with biological constraints such as cleistogamy and difficult hybridization.
1. For a TPP targeting smallholder farmers in semi‑arid SSA, which parental germplasm source would you prioritize and why?
2. How would parent selection differ for a subsistence‑focused TPP versus a market‑oriented TPP?
3. How can mutation breeding or population improvement compensate for parental limitations when implementing the TPP?
Exercise: Parental Germplasm Sources for Bambara Groundnut
Goal:
To utilize the theory of parent selection by describing and rationalizing the sources of parental germplasm for improving Bambara groundnut. 
1. Provide two sources of parental germplasm for Bambara groundnut (such as landraces, plant introductions). 
2. Describe one important strength and one important weakness of each source as a potential breeding material. 
3. Select one Bambara groundnut accession from a genebank (such as IITA or NPGS) as a parent and give reasons for its use as such.


References
Mubaiwa, J., Fogliano, V., Chidewe, C., Bakker, E. J., & Linnemann, A. R. (2018). Utilization of bambara groundnut (Vigna subterranea (L.) Verdc.) for sustainable food and nutrition security in semi-arid regions of Zimbabwe. PloS One, 13(10), e0204817.
Pasipanodya, J. T., Horn, L. N., Togarepi, C., Sibiya, J., Musango, R., & Achigan-Dako, E. G. (2025). Exploring farmer perspectives on Bambara groundnut [Vigna subterranea (L.) Verdc]: Production constraints, preferred varietal traits and implications for varietal development in northern Namibia. Frontiers in Sustainable Food Systems, 9, 1520677.
Tan, X. L., Azam-Ali, S., Goh, E. V., Mustafa, M., Chai, H. H., Ho, W. K., Mayes, S., Mabhaudhi, T., Azam-Ali, S., & Massawe, F. (2020). Bambara groundnut: An underutilized leguminous crop for global food security and nutrition. Frontiers in Nutrition, 7, 601496.

