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Outline and key messages

Bambara groundnut research - part of food/crop diversification –
also other crops such as winged bean, amaranth, foxtail millet etc.

This presentation - selective: University of Nottingham and partners  
… other researchers and teams are doing great work …

Bambara groundnut research - an example of international research 
commitment to an underutilised crop: 1992-2023

Key things to note - partnerships, genetic resources (core collection, 

breeding lines, structured populations – for genetic analysis and variety development), 
traits studied, tools developed, … 

Training the next generation of researchers and research leaders

What next: breeding; markers-assisted breeding; training, …

 
 



A wide range of nutritious, sustainable
options to choose from that meet 
diverse cultural and taste preferences

Local food biodiversity: available, 
accessible, affordable

Often well adapted to local 
environments including soils and 
climate

Grown by small holders - receive little 
attention …

Crop diversification through a wider use of 
agrobiodiversity: minor, underutilized crops

Crops such as Bambara groundnut, amaranth and 
winged bean, foxtail millet, taro … 



Genome
sequencing

Crop diversity analysis
Genetic trait analysis

physiology Field selection Pre-breeding lines

Two examples: 
1) Bambara groundnut (Vigna 
subterranea) - a drought tolerant 
African legume (seed protein 
varies from 9.0-30.7%)

Sean Mayes, Wai Kuan Ho, Hui Hui Chai, Tian Yuet Chong, Alberto Tanzi, Kumbirai Mateva, Presidor
Kendabie, Alberto Tanzi, Luis Salazar Licea, Niki Tsoutsoura and many others

Plant protein from resilient and nutritious crops

 
 

Regine Zeng, asiangardens2table.com; DF Herridge; GE Eagleton

2) Winged Bean (Psophocarpus
tetragonolobus) - a high protein 
tropical legume (seed protein up 
to 40%)



Bambara groundnut (Vigna 
subterranea (L.) Verdc) 

an example of international research 
commitment to an underutilised crop

Grown mainly in Africa but also grown in a 
number of countries worldwide e.g. 
Indonesia.

Congo groundnut, Congo goober, earth 
pea/underground bean, njugo bean, Kacang
bogor/peanut bean; njugu mawe; nzama, 
nyimo bean, indhlubu, ….

https://www.youtube.com/watch?v=vdB5L1nsDlo
Artificial hybridisation protocol

https://www.researchgate.net/publication/288345277_Artificial_hybridisation_in_bambara_groundnut_Vigna_subterranea_L_Verdc?enrichId=rgreq-9afb90d68f543c7485c2735f2e8d8bea-XXX&enrichSource=Y292ZXJQYWdlOzI4ODM0NTI3NztBUzo0NTY3NzY5MTE5ODY2ODhAMTQ4NTkxNTUxMDYxOA%3D%3D&el=1_x_3&_esc=publicationCoverPdf


Bambara groundnut in Indonesia likely to 
have been introduced from Southern Africa

Grown primarily by subsistence 
farmers

Seeds are a reasonably balanced, 
nutritious food - represents an 
important source of protein

The crop is drought resistant, 
relatively free of diseases and 
pests

No improved varieties, only 
landraces

Yields are variable
Ho Wai Kuan



Yield and nutritional composition

Yields range from 0.5 to 3 t/ha; average 0.85 t/ha

Maphosa et al. (2022). https://doi.org/10.1017/S0021859622000521

https://doi.org/10.1017/S0021859622000521


Bambara groundnut research

University of Nottingham, Crops For The 
Future and partners across the globe

from basic plant science to product 
development and socio-economic studies



Agroecological and food potential of bambara groundnut 
- genetic diversity, yield potential; photoperiod, genetic resources -

Controlled-environments – UK; the Netherlands

Research stations in Africa

Farmers knowledge: sowing date, earthing up …

EU Project 1: 1992-1996 (BAMGROW)

Collinson et al., 1996; 1997; 2000 

Key Landraces

Lun T - Sierra Leone

DipC - Botswana

Dod Red – Tanzania

Dod Cream – Tanzania

Yield and harvest indices

2.87 (DodR and 1.42 (Dod
C) t ha−1

Pod harvest indices of 0.56 
and 0.34, respectively

Rainfall, temperature … 

Photoperiod: 
flowering and 
podding
Linneman et al., 1994; 
1995; Brink et al., 1997 …



EU Project 2: 2000-2004 (BAMFOOD)

Increasing the productivity of bambara groundnut for 
sustainable food production in semi-arid Africa 

method of cross-
breeding
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Farmers/traders ideotypes

Massawe et al. 2002, 2003, 2005; Mwale et al., 2007a, b; Basu et al., 2007; Sesay et al., 2008 …

- Early maturity
- Large seeds
- Fast cooking
- Sweet taste
- High yield

Key Landraces

DipC - Botswana

S19-3 - Namibia

Uniswa R - Swaziland

1st Crosses - e.g., Tiga
Nicuru x DipC

Partners: 
Swaziland/Eswatini 
Botswana Namibia
UK (UoN) Germany 
(TUM)



• Nutrition and product development  
• Criteria and genotypes for breeding programme
• Drought, heat, cold, daylength and pod filling
• Genetic Linkage maps - `Wide’ and `Narrow’ cross 

Molecular, Environmental and Nutritional Evaluation of Bambara 
Groundnut for Food Production in Africa and India

Botswana
Gujarat

SC4
SC5

SC2

SC3

Ghana

Namibia

Tanzania

Karnataka

Rajasthan

SC1

Germany

Denmark

UK

BAMLINK

EU Project 3: 2006-2009 (BAMLINK)

Basu et al., 2007a, b, c; 2008; Jørgensen et 
al., 2009; Jørgensen et al., 2010; Mayes et al., 
2013; Ahmad et al., 2013; Chai et al., 2013; 
Molosiwa et al., 2015. 



BamYIELD (2011-2020)

Diversity of germplasm

DArT Seq

Development of segregating populations

Name Origin

Ankpa4 Nigeria

DipC Botswana

DodR Tanzania

Getso Nigeria

Gresik Indonesia

IITA-686 Tanzania

LunT Sierra Leone

S19-3 Namibia

Tiga Nicuru Mali

Uniswa Red Swaziland

Aliyu et al., 2015; Siise et al., 2016; Ahmad et 
al., 2016; Ho et al., 2016; 2017; Chai et al., 
2017;  Kendabie et al., 2014; 2020, …, …

Sean Mayes 



FAO-ITPGRFA (2016-2019): 
A West Africa - Southeast Asia collaboration (Ghana, Nigeria, Indonesia and Malaysia)

- developing pre-breeding materials with partners at field sites, in parallel with local germplasm 

Bambara groundnut (V. subterranea)
- multi-locational trials  

Michael Abberton, Joseph Berchie, Satriyas Ilyas, Sean Mayes



BamBREED - bambara groundnut breeding 
programme (2019-2024)

South Africa

Tafadzwanashe Mabhaudhi, Admire 
Shayanowako and others

Kennedy Agyman, Joseph Berchie and others 

Ghana

Drought resistant, photoperiod and hard to cook, …



Selection of breeding lines: improved 
cultivars with traits of interest

Develop germplasm with improved cooking qualities

Lines from Tiga nicuru x Dip C; S19-3 x Ankpa4; IITA-686 x LunT

Multi-locational trial: 2021-2022 summer growing season.

Crop Research Institute, Ghana – on-station 
evaluation trial in September 2021

University of KwaZulu-Natal, 
South Africa

Multi-locational trial in September 2022 (two seasons 
across agroecological zones) and variety registration.

University of KwaZulu-Natal, Cedara Research Station, Capstone Seeds 
(Howick), and University of KwaZulu-Natal Controlled facilities.



Bambara groundnut – genetic resources

Core germplasm and structured  populations

core germplasm

controlled 
crosses from 
core parents

Association Genetic Panel:
422 genotype lines from genebank, farmers, researchers, UoN materialscommunity website: http://bambaragroundnut.org/

Name Origin

Ankpa4 Nigeria

DipC Botswana

DodR Tanzania

Getso Nigeria

Gresik Indonesia

IITA-686 Tanzania

LunT Sierra Leone

S19-3 Namibia

Tiga Nicuru Mali

Uniswa Red Swaziland

Cross Generation

Ankpa4 x IITA-686 (& reciprocal) F3/F4

S19-3 x Ankpa4 F3/F4

DipC x Ankpa4 F2/F3

IITA-686 x LunT F4/F5

Ankpa4 x DodR F1

Uniswa Red x Getso F1

Ankap4 x DipC (& reciprocal) F1

Cross Generation

Tiga Nicuru x DipC F7/F8

S19-3 x DodR F4/F5

IITA-686 x Getso F2

IITA-686 x Tiga Nicuru F2

S19-3 x Getso F1

S19-3 x Ankap4 F4/F5

Uniswa Red x DodR F1

Presidor Kendabie, Katie Mayes, Aliyu Siise Abdullah Bamba, Xuiqing Gao, Festo Massawe, Sean Mayes

http://bambaragroundnut.org/


Genome assembly AOCC
(Chang et al., 2019)

S19-3 
(unpublished) 

Platform Illumina 
Illumina

ONT
BioNano OM

No. of scaffolds 65,586 23

Longest scaffold (bp) 3,684,321 67,847,779

N50 scaffold length (bp) 640,666 38,635,177

Total nucleotide (bp) 535,052,523 552,045,261

At pseudo-chromosomal level (3 sets of genetic maps)

No. of scaffolds 17

Total nucleotide (bp) 530,084,832

Unassigned (bp) 15,960,429

Coverage 97.5%

genome size = ~550Mb (K-mer (K=17) analysis, Chang et al., 2019)

Michael Wilson, Chris Moore, Presidor Kendabie, Luis Salazar Licea, Wai Kuan Ho, Sean Mayes

Bambara groundnut
- Genome summary (further improvement in progress) 



diversity and population structure 
SNP100015426|F|0-250.0
bgPabg-597086-17.0
bgPabg-593892-18.5
SNP100024750|F|0-2011.6
SNP100034475|F|0-6313.6
SNP100009818|F|0-5115.0
SNP100016201|F|0-5516.5
SNP100025248|F|0-2418.8
SNP100010701|F|0-4520.9
SNP100030004|F|0-3123.1
SNP100018718|F|0-2324.9
SNP100007045|F|0-2829.2
DQ10002386933.9
SNP100031337|F|0-1636.5
SNP100009992|F|0-1738.6
SNP100030036|F|0-2939.8
SNP100032264|F|0-1741.6
SNP100028074|F|0-644.4
SNP100027856|F|0-945.9
SNP100031378|F|0-1546.8
bgPabg-596774-148.3
DQ10002381148.8
DQ10000940849.2
SNP100027558|F|0-3449.4
SNP100027153|F|0-4450.1
SNP100006188|F|0-5551.3
SNP100009979|F|0-2155.1
SNP100027142|F|0-4156.2
SNP100028068|F|0-2057.5
bgPabg-593965-158.4
SNP100035761|F|0-6359.2
SNP100003688|F|0-5760.9
SNP100028865|F|0-4262.3
SNP100022041|F|0-3563.7
DQ10004380164.1
SNP100015620|F|0-965.5
SNP100029678|F|0-3468.9
SNP100011727|F|0-2271.5
SNP100020429|F|0-6371.9
SNP100021699|F|0-5475.5
SNP100030946|F|0-1676.3
SNP100025104|F|0-5278.1
SNP100021988|F|0-3481.5
SNP100005817|F|0-5482.2
SNP100021970|F|0-5984.4
DQ10002009785.2
DQ10001797186.2
SNP100020997|F|0-3890.5
GH-19-B2-D9-194.0
PRIMER26-196.5
mBam3co7-1101.0
SNP100030604|F|0-62102.2
SNP100006888|F|0-36107.1
SNP100018662|F|0-49116.9
SNP100031948|F|0-40128.7
DQ100010829130.9
DQ100010742131.5
DQ100011481 SNP100033358|F|0-38132.4
SNP100034020|F|0-65134.8

1

photoperiod sensitivity & flowering 
& maturity time variations

growth habit: bunch vs 
spreading types

seed coat, size, hard-to-cook (HTC) …
Drought related 
traits

Bambara groundnut – what next?

Some ingredients: partnerships (Africa and SEA), genetic resources 
(structured populations, …), potential traits, genomic tools …

Genetic maps 



Some of the constraints in underutilised
crops/species: what next for Bambara groundnut

New improved 
varieties

Crop management

Product development 
and value chains 

Long term research for 
development efforts



NamZ

Sustainable production and consumption of plant-based products

https://whatif-foods.com/pages/what-is-bamnut



https://acnfp.food.gov.uk/BambaraGroundnutSummary

https://acnfp.food.gov.uk/BambaraGroundnut

… intends to market product in dried, 
roasted and canned forms …

https://acnfp.food.gov.uk/BambaraGroundnutSummary
https://acnfp.food.gov.uk/BambaraGroundnut


Disrupting the current food system … to offer consumers 
biodiverse products and ingredients that are contributing to a 
food system that’s better for people and planet 

Built on the belief that greater cultivation of 
indigenous crops can not only provide a secure, 
local food source, 

… but also generate economic, environmental, 
and social benefits to farmers ….

BiB serves as a catalyst to increase the 
production and demand for bambara
groundnut …

Fighting inequalities by sourcing beans directly 
from smallholder farming cooperatives, offering 
them a reliable buyer for their beans, and a 
secure source of foreign investment …

https://www.believeinbambara.com/



Translating to other under-researched species: 
winged bean (Psophocarpus tetragonolobus)

0-1 branches per plant
(Lower yield)

3-5 branches per plant
(Higher yield)

x

Alberto Tanzi, Yuet Tian Chong, Niki Tsoutsoura and others  

A013

TPt10

A057

FP15

A027

A006

Parental lines, structured 
populations and breeding lines

Plant architecture, early maturity, high yield, quality 
traits (e.g., protein content; antinutritional factors)

Winged bean 
plant architecture 
– differences in 
number of 
branches in 
relation to yield 

R2= .117R2= .601

Kachang botor/botol, winged pea, goa bean, 
Manila bean, Asparagus pea, Prince’s pea, 
princess pea, Dambala, four-angled bean, …



winged/goa bean (P. tetragonolobus) (2n = 2x = 18)
- genome summary 

Summary 
Hybrid scaffolds (ONT, Illumina, BioNano OM),
No. of scaffold 48
Min length (Mbp) 0.123
Median length (Mbp) 6.699
Mean length (Mbp) 11.169
N50 length (Mbp) 23.875
Max length (Mbp) 38.637
Total length (Mbp) 536.132

Pseudochromosome, using genetic maps,  
Scaffolds assigned to LGs

Cross XB (FP15 x Ma3) 32
Cross XT (Tpt10 x Ma3) 38

Unassigned scaffolds to LGs 10
Length of assigned sequences to LGs 530,283,461 bp
Length of unassigned sequences to LGs 5,848,080 bp
N50 pseudochromosome length 23,875,316 bp
K-mer analysis; flow cytometry ~569 Mb; ~782 Mb
Coverage ~ 67.8 - 93.2% 

Unpublished; Fei Sang, Victoria Wright, Chris Moore, Wai Kuan Ho, Sean Mayes



CFF-UNM Doctoral Training Partnership
Student engagement and capacity development for future agriculture

Training: Doctoral Training Programme/ECRs

A community for 
exchange of ideas and 
experiences 

Training programmes on 
transdisciplinary research 
approaches and 
transferable skills

The research teams usually comprise of:
Dual (or more) supervisory teams; international research 
teams across different disciplines and/or institutes

Multi-site research activities (frequent mobility between 
institutes) - communication with experts and non-experts
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Winged bean 



Traditional local- delicacies in different African 
countries prepared from Bambara groundnut

Tan et al., 2020; https://doi.org/10.3389/fnut.2020.601496

https://doi.org/10.3389/fnut.2020.601496


An overview of the challenges and opportunities of 
utilizing Bambara groundnut

Tan et al., 2020; https://doi.org/10.3389/fnut.2020.601496

https://doi.org/10.3389/fnut.2020.601496
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