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Overview

• Legumes as sustainable protein source
• Peas and chips from tuberous legumes
• A case of forgotten bean in Africa: African Yam Bean (AYB) in 

Nigeria and Ethiopia
– Challenges in rehabilitating AYB
– Understudied tuber formation in legumes

• Challenges in improving forgotten legumes



Legumes as 
sustainable and 
nutritious crops

FAO publication for World Pulses Day 2023



Nitrogen-fixing nodules: special structures on 
legume roots

• Symbiotic association with 
specific soil bacteria

• Can generate own nitrogen 
“fertilisers”

Soybean nodule picture from ManitobaPlus

Medicago nodule picture from Wikimedia



Forgotten, neglected, underutilised, 
orphan legume crops

• 95% of calories from 30 crop 
species with half of calories 
supplied from maize, rice, 
wheat (Dwivedi et al, 2017, 
Trends in Plant Sci)

• 625 of 7039 edible species are 
legume plants (highest for any 
plant families)

Kew State of the World’s Plants and Fungi 2020



Kudzu 
Pueraria sp.

Winged bean 
Psophocarpus 

tetragonolobus

Zombi pea 
Vigna vexillata Bush carrot 

Vigna lanceolata

African Yam Bean
Sphenostylis stenocarpa

Ahipa
Pachyrhizus ahipa

Jicama
Pachyrhizus erosus

Hopniss
Apios americana

Earthnut pea
Lathyrus tuberosus

Tuberous legume species around the world

Pictures from Legume Perspectives (Issue 9, 2020) 



Peas and chips on one plant

● Sustainable protein in beans and tubers
● Tubers can be consumed raw – high amount of resistant starch 

(low GI)
● Highest amount of protein for tuber crops
● At least two species have edible leaves, flowers, beans, tubers
● Potato bean or hopniss (Apios americana): 

future UK crop for sustainable source 
of dietary protein and fibers?

Neascu et al. (2021) Journal of Food Compositions and Analysis 



African Yam Bean
Sphenostylis stenocarpa

• High protein in beans and tubers  - alleviate 
malnourishment in Nigerian Civil War (1967-
1970) (Nwokolo, 1996)

• Higher seed yield per unit land with up to 3000 
kg/ha

• Drought-resistant
• Nitrogen-fixing nodules – enrich soil with 

nitrogen, good for intercropping
• Grown by old farmers – acreage is declining



AYB across Africa

UN World Food Programme, 2020, 
Global Report on Food Crises 



Challenges in rehabilitating AYB as a 
sustainable protein crop 

Rehabilitation of AYB in Nigeria
● Long cooking time for beans
● Short shelf life of tuber (tuber shrinks 2-3 

days after harvest)
● Relatively small tuber size
● Requires staking
● Inconsistent tuber production – unknown 

environmental factor(s) and genetics
● Outcrossing species – requires huge effort 

to “clean” the lines



Challenges in rehabilitating AYB as a 
sustainable protein crop 

Rehabilitation of AYB in Ethiopia
● Lack of information on the current status of 

AYB in the country
○ Used to be present in Ethiopia 

● Disease affecting seed production
○ Colletotrichum sp. causing pod blight 

disease

○ Infection reduces during dry seasons – AYB 
relies on tubers for pod production

● Only relying on agronomic practices to 
reduce infection



What we’ve learned…

● Recognised for its nutritional properties
● Potential to become commercial legume crop 

beyond security crop
● Ideal traits for crop improvement:

○ Stable tuber production
○ Bigger and more tubers
○ Shorter cooking time for the beans



Tuber formation in AYB is different to other 
known tuber crops
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Challenges in improving forgotten legumes

• Lack of dedicated physiological studies
• Nutritional properties have not been fully explored
• Dependent on slow conventional breeding
• Most legumes are recalcitrant:

– Not amenable to transformation
– Difficult or almost impossible to regenerate after gene-

editing or transformation
• Solution: Novel and accessible technology to improve legume 

regeneration and transformation



Conclusion

• Forgotten beans can contribute to a resilient food 
system

• Tuberous legumes as sustainable sources of nutrition 
(protein and carbohydrates)

• Challenges in rehabilitating and improving forgotten 
beans:
– Lack of studies
– Different physiology to known crops
– Difficult transformation 
– Slow breeding process
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