
Contributing Authors: 

2023

Legume-Based
Agroecology for African
Nutrition Security

Katherine Pitts Morgan, MPH Candidate Columbia University
Alex C. McAlvay, PhD, New York Botanical Gardens
John de la Parra, PhD, The Rockefeller Foundation 

AGROECOLOGY POLICY REPORT



Table of Contents

Legume-Based Agroecology for African Nutrition Security

Acknowledgements 3

5

Definitions 8

Quick Facts 13

14

Economic and Strategic Context of Agroecological 
Legume Production

20

Four Point Strategy  

Barriers and Constraints

1

3

5

8

13

Executive Summary

Introduction

Legumes for Human and Planetary Health

Conclusion

13Index



Contact

Alex Cherry, Yale Jackson School of Global Affairs and Yale School of the Environment 

Dr. Morgan Ruelle, Clark University Environmental Science and Policy program in the
Department of International Development, Community and Environment 
Dr. Zemede Asfaw, Addis Ababa University College of Natural and Computational Sciences 

Dr. Chrysantus Mbi Tanga, International Centre of Insect Physiology & Ecology 
Betty Kibaara, The Rockefeller Foundation 
Farmer pictured: Eric Muriithi, smallholder Farmer in Kajiado County, Kenya 
Cover Photo: At the farm of Mrs. M. Onyango, a farmer in the Kakamega area of Kenya.
Hurrying to pack up the drying beans before a rain squall hits.  
Source name: Bendiksen 

The authors and contributors of this report are presenting their own views and not the views
of their affiliated professional and academic institutions. This work seeks to address what the
contributors see as some of the gaps and unintended consequences of those previous efforts. 
 
Editor:  

External Reviewers:  

Photo credits: 

Acknowledgements

Legume-Based Agroecology for African Nutrition Security

2

Kat Morgan
Kmp2204@cumc.columbia.edu

Methodology

This report began as a case study assessing the economic potential of legumes to
mitigate fertilizer supply chain disruptions. A comprehensive literature review was
conducted, analyzing existing research, reports, and assessments on fertilizer
dependence, crop diversity, and food security. Stakeholder engagement played a
crucial role in the report development, with input from diverse contributors across
academic, non-governmental, and philanthropic organizations. The research process
entailed analyzing existing subsidy programming and agricultural intervention best
practices, considering socio-economic and environmental contexts. The research
process culminated in a four-tier strategy for legume-based agroecology.  



Executive Summary
This report presents legume-centered agroecological strategies to drive policy transformation,
research, and strategic partnerships in Africa. 
 
Contemporary scholarship underscores the widespread adoption of industrialized agriculture,
characterized by its heavy reliance on inorganic fertilizers, and subsequent implications for
exacerbating food insecurity and environmental degradation.¹ The mid-20th-century Green
Revolution promoted cereal crops planted in monoculture fields and dependent on non-renewable
inputs that can adversely affect soils, water quality, and biodiversity. The anticipated payoffs of
this cereal intensification fall short of expectations due to the high costs and long supply chains of
agricultural inputs, insufficient training for input application, soil degradation, and the impacts of
climate change.²
 
While monocropping has overtaken food production in many parts of the world, there has also
been a shift away from the production of legume crops in favor of cereals. For example, locally
adapted legumes are currently less favored in global markets compared to corn.³ The subsequent
shift away from legume production has coincided with a loss of agroecological services such as
nitrogen fixation and of dietary contributions that high protein pulses provide. Fertilizer shortages
and a growing list of Green Revolution shortcomings demonstrate the need for long-term
solutions to challenges in food availability, human nutrition, and cropland regeneration.⁴ A
promising approach to address these issues is the recentering of legume crops into agricultural
systems. 
 
This report provides an in-depth analysis of both the challenges and potential solutions related to
agroecological legume crop intensification in Africa. The report highlights the importance of
farmer involvement, local food security, and aligning strategies with smallholder farmers' needs
and preferences.  
The final section proposes a four-point strategy for legume crop intensification in Africa to build
independence from unpredictable supply chains: 1) Redirect Subsidies to Support Legume
Intercropping 2) Research Underutilized Legumes and Soil Bacteria 3) Harmonize Formal and
Informal Seed Sectors, and 4) Integrate Frass and Legume Production.  
 
The intended audience of this report includes policymakers, government agencies, agricultural
researchers, food producers, international organizations, and non-governmental organizations
working in the realm of agriculture, nutrition security, and sustainable development. 
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Definitions
Agricultural input is a common term for various resources used to enhance agricultural productivity such as
fertilizers and seeds of specific crop varieties. These inputs include but aren’t limited to chemicals, equipment,
feed, seed, and energy.⁵

Agricultural intensification involves increasing agricultural production per unit of inputs and can be
achieved by increasing productivity or maintaining overall production while reducing specific inputs, such as
optimizing fertilizer delivery, improving plant or animal protection, and implementing mixed or relay cropping
on smaller fields.⁶

Agroecology is a field of study and agricultural approach that applies principles of ecological and social
renewal and health to design and manage food and farming systems. It is context-specific and relies on the
co-creation and sharing of knowledge to address challenges in food systems and adapt to climate change.⁷ 

Agroecological transitions entail a change of the agricultural model in order to implement the elements of
agroecology, as well as economic, environmental, social, nutritional, health and cultural sustainability
objectives, to assist cross-sector practitioners and advocates in fostering transformative change.⁸

Frass is a byproduct material of insect husbandry, including spent feedstock, insect feces, and cuticles, that
can be applied as a natural nutrient enhancement for crops. Frass can be synergistic with legume-intensive
agroecological approaches⁹ as an eco-friendly alternative or complement to conventional chemical fertilizers,
and its application can reduce reliance on synthetic inputs.¹⁰ 

The Green Revolution describes the promotion and use of high-yielding cereal varieties (wheat and rice),
beginning in the 1960s, to increase food commodity crop production. This method of agricultural production
maximizes productivity and economic gain in the form of industrial agriculture. The Green Revolution has had
ecological repercussions, causing degradation of water quality, soil health, and biodiversity.¹¹ 

Breeders’ varieties of legumes describe the bred cultivars developed by breeders for agricultural production
through classical breeding methods or biotechnology.¹² 

Industrial agriculture, encompassing the mechanized and commodified production of animals and crops, has
boosted worldwide per capita food output since the 1960s. This form of farming often involves mechanization,
monocultures, and synthetic inputs like chemical fertilizers, pesticides, and transgenic organisms, prioritizing
maximum productivity and economic gain while treating agricultural yields as commodities. Ecologically, it can
contribute to the decline of ground and surface water quality, soil vitality, and biodiversity.¹³, ¹⁴

Input Subsidies are subsidies for materials such as fertilizers and pesticides intended to stimulate their use.¹⁵
Input subsidy programming (ISPs) via government agricultural agencies may provide free or subsidized
distribution of inputs, sometimes through vouchers for farmers to purchase inputs at a subsidized price from
authorized suppliers.¹⁶  

Legumes are plant species from the botanical family Fabaceae. Pulses are the edible seeds from legume
plants, such as beans, lentils, and peas.¹⁷  

Nitrogen fixation is the conversion of atmospheric nitrogen into more reactive (and often more bioavailable)
forms. Legumes, in symbiosis with soil bacteria called rhizobia, can fix nitrogen, a feat few non-leguminous
plants are capable of. This can provide benefit the legumes, bacteria, and agroecosystem.¹⁸ 

Polyculture is the simultaneous cultivation of two or more crops in a single area for benefits such as yield
advantage, yield stability, water conservation, and reduced soil erosion.¹⁹ It enhances biodiversity, deters pests,
and often includes nitrogen-fixing plants that enrich soil and improve its structure. This boosts climate
resilience, water efficiency, and other advantages.²⁰  Sometimes used interchangeably, it is differentiated from
intercropping, as polyculture can entail intentional cultivation crops with non-crop plant species in a field.²¹  

Rhizobia are symbiotic diazotrophic soil bacteria that establish a mutualistic relationship with leguminous
plants. They enter the roots of these plants, inducing the formation of root nodules, where they engage in
nitrogen fixation.²² 

Underutilized or Neglected crops are crops with the potential to be used to a greater degree to improve food
security, nutrition, and agroecological function. Increased cultivation of a small number of staple crops (e.g.,
rice, wheat, maize) around the world, has led to the decline of many local and traditional crops which have the
potential to be reintroduced for various food system benefits.²³

5. Michelson, H., Gourlay, S., Lybbert, T., & Wollburg, P. (2023). Review: Purchased agricultural input quality and small farms. Food Policy, 116, 102424. https://doi.org/10.1016/j.foodpol.2023.102424 
6. Carswell, Grace. (2011). Agricultural Intensification and Rural Sustainable Livelihoods: A “Think Piece.
7. Food and Agriculture Organization of the United Nations. (2023). Co-creation and sharing of knowledge. Agroecology Knowledge Hub. https://www.fao.org/agroecology/knowledge/10-elements/co-creationknowledge/en/?
page=36&ipp=5&tx_dynalist_pi1%5Bpar%5D=YToxOntzOjE6IkwiO3M6MToiMCI7fQ%3D%3D 
8. Food and Agriculture Organization of the United Nations. (n.d.). What is Agroecology?. Agroecology Knowledge Hub . https://www.fao.org/agroecology/overview/en/ 
9. Leni, G., Caligiani, A., & Sforza, S. (2021). Bioconversion of agri-food waste and by-products through insects: a new valorization opportunity. Redirecting. Retrieved April 16, 2023, from https://doi.org/10.1016/B978-0-12-824044-1.00013-1 
10. Quilliam, Richard & Nuku-Adeku, C. & Pierre-Olivier, Maquart & Little, David & Newton, Richard & Murray, Francis. (2020). Integrating insect frass biofertilisers into sustainable peri-urban agro-food systems. Journal of Insects as Food and Feed. 6. 1-8.
10.3920/JIFF2019.0049. 
11. Briggs, J. (2009). Green revolution. International Encyclopedia of Human Geography, 634–638. https://doi.org/10.1016/b978-008044910-4.00099-7 
12. National Research Council (US) Board on Agriculture. Genetic Engineering of Plants: Agricultural Research Opportunities and Policy Concerns. Washington (DC): National Academies Press (US); 1984. Crop Improvement. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK216396/ 
13. Gowdy, John & Baveye, Philippe. (2019). An Evolutionary Perspective on Industrial and Sustainable Agriculture. 10.1016/B978-0-12-811050-8.00027-3. 
14. TRG(A16.1)/GICM, FAO, 2004; Natural Resources Management and Environment Department, NR, FAO, 2009; Glossary of terms, Making climate-sensitive investments in agriculture, FAO, 2021 (http://www.fao.org/3/cb1067en/cb1067en.pdf) 
15. Baltzer, K., & Hansen, H. (2012). (rep.). Agricultural input subsidies in Sub-Saharan Africa (Vol. Evaluation Study, pp. 1–40). Ministry of Foreign Affairs Denmark 
16. National Research Council (US) Board on Agriculture. Genetic Engineering of Plants: Agricultural Research Opportunities and Policy Concerns. Washington (DC): National Academies Press (US); 1984. Crop Improvement. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK216396/ 
17. Harvard T.H. Chan School of Public Health. (2022, March 2). Legumes and pulses. The Nutrition Source. Retrieved April 16, 2023, from
https://www.hsph.harvard.edu/nutritionsource/legumespulses/#:~:text=A%20legume%20refers%20to%20any,the%20pod%20is%20the%20pulse
18. Zahran HH. Rhizobium-legume symbiosis and nitrogen fixation under severe conditions and in an arid climate. Microbiol Mol Biol Rev. 1999 Dec;63(4):968-89, table of contents. doi: 10.1128/MMBR.63.4.968-989.1999. PMID: 10585971; PMCID: PMC98982. 
19. Kiwia A, Kimani D, Harawa R, Jama B, Sileshi GW. Sustainable Intensification with Cereal-Legume Intercropping in Eastern and Southern Africa. Sustainability. 2019;11(10):2891. doi: 10.3390/su11102891. Epub 2019 May 21. PMID: 33552560; PMCID:
PMC7839597. 
20. Bracken, Matthew. (2018). Monocultures Versus Polycultures. 10.1016/B978-0-12-409548-9.11169-8 
21. Stomph, Tjeerd Jan & Dordas, Christos & Baranger, Alain & Rijk, Joshua & Dong, Bei & Evers, Jochem & Gu, Chunfeng & Li, Long & Simon, Johan & Jensen, Erik & Wang, Qi & Wang, Yuyun & Wang, Zishen & Xu, Huasen & Zhang, Chaochun & Zhang, Lizhen &
Zhang, Wei-Ping & Bedoussac, Laurent & Van der Werf, Wopke. (2020). Designing intercrops for high yield, yield stability and efficient use of resources: Are there principles?. 
22. Kumar, A., Meena, V.S., Roy, P., Vandana, Kumari, R. (2019). Plant Growth Promoting Rhizobacteria for Agricultural Sustainability. Springer, Singapore. https://doi.org/10.1007/978-981-13-7553-8_7 
23. Chapman, M., He, Y., & Zhou, M. (2022, March 22). Beyond a reference genome: pangenomes and population genomics of underutilized and orphan crops for future food and nutrition security. New Phytologist. Retrieved April 16, 2023, from
https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.18021
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Quick Facts

24. Lin W, Lin M, Zhou H, Wu H, Li Z, Lin W. The effects of chemical and organic fertilizer usage on rhizosphere soil in tea orchards. PLoS One. 2019 May 28;14(5):e0217018. doi: 10.1371/journal.pone.0217018. PMID: 31136614; PMCID: PMC6538140. 
25. See Khoury et al., 2014 
26. Pretty, Jules & Noble, Andrew & Bossio, Deborah & Dixon, John & Bragg, Rachel & Vries, F. & Morison, James. (2006). Resource-Conserving Agriculture Increases Yields in Developing Countries. Environmental science & technology. 40. 1114-9. 10.1021/es062733a 27
Lowder, S., Skowet, J., & Raney, T. (2016, February 9). The Number, Size, and Distribution of Farms, 
27. Smallholder Farms, and Family Farms Worldwide. World Development. Retrieved from https://www.sciencedirect.com/science/article/pii/S0305750X15002703#b0125
28. Lowder, S., Skowet, J., & Raney, T. (2016, February 9). The Number, Size, and Distribution of Farms, Smallholder Farms, and Family Farms Worldwide. World Development. Retrieved from https://www.sciencedirect.com/science/article/pii/S0305750X15002703#b0125 
29 . Bellon, Mauricio & Kotu, Bekele Hundie & Azzarri, Carlo & Caracciolo, Francesco. (2020). To diversify or not to diversify, that is the question. Pursuing agricultural development for smallholder farmers in marginal areas of Ghana. World Development. 125.
10.1016/j.worlddev.2019.104682 
30. Michler, Jeffrey & Josephson, Anna. (2015). To Specialize or Diversify: Agricultural Diversity and Poverty Dynamics in Ethiopia. World Development. 89. 10.1016/j.worlddev.2016.08.011. 
31. Vanlauwe B, Hungria M, Kanampiu F, Giller KE. The role of legumes in the sustainable intensification of African smallholder agriculture: Lessons learnt and challenges for the future. Agric Ecosyst Environ. 2019 Nov 15;284:106583. doi: 10.1016/j.agee.2019.106583. PMID:
33456099; PMCID: PMC7794592. 
32. Dakora, F. D., & Keya, S. O. (1998, February 25). Contribution of legume nitrogen fixation to sustainable agriculture in Sub-Saharan africa. Soil Biology and Biochemistry. https://www.sciencedirect.com/science/article/abs/pii/S0038071796002258?via%3Dihub 
33. Abberton, Michael & Paliwal, Rajneesh & Faloye, Benjamin & Marimagne, Tchamba & Moriam, Azeez & Oyatomi, Olaniyi. (2022). Indigenous African Orphan Legumes: Potential for Food and Nutrition Security in SSA. Frontiers in Sustainable Food Systems. 6. 708124.
10.3389/fsufs.2022.708124. 
34. Joshi, Pramod Kumar and Rao, P. Parthasarathy. 2016. Global and regional pulse economies: Current trends and outlook. IFPRI Discussion Paper 1544. Washington, D.C.: International Food Policy Research Institute (IFPRI).
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/130480 
35. See Abberton et al., 2022 
36. Poveda, Jorge. (2021). Insect frass in the development of sustainable agriculture. A review. Agronomy for Sustainable Development. 41. 10.1007/s13593-020-00656-x. 
37. Akinola R, Pereira LM, Mabhaudhi T, de Bruin FM, Rusch L. A Review of Indigenous Food Crops in Africa and the Implications for more Sustainable and Healthy Food Systems. Sustainability. 2020 Apr 24;12(8):3493. doi: 10.3390/su12083493. PMID: 33520291; PMCID:
PMC7116648.
38. Rao, M.R. & Mathuva, M.N.. (2000). Legumes for improving maize yields and income in semi-arid Kenya. Agriculture Ecosystems and Environment. 78. 123-137. 10.1016/S0167-8809(99)00125-5. 
39. See Joshi and Rao, 2016

Inappropriate chemical fertilizer use can degrade soil over time, leading to nitrogen leaching, soil
compaction, reduction of organic matter, and carbon loss.²⁴ 

Increased reliance on chemical fertilizers resulting from Green Revolution policies likely contributed to
reductions of traditional reliance on legumes and livestock as sources of soil fertility. The subsidization and
programmatic focus on encouraging smallholder utilization of inorganic inputs, such as synthetic fertilizers
and pesticides, has led to smallholder farmers shifting their production away from legumes towards these
artificial inputs designed for cereal crop cultivation.²⁵ 

 A meta-analysis of 286 agricultural interventions promoting sustainability in 57 low-income countries
assessed 37 million hectares (3% of developing countries' farmland) and showed increased productivity on
12.6 million farms. On average, crop yields rose by 79%, with water efficiency gains observed in all crops,
especially rainfed ones. Pesticide data showed 77% of projects reduced pesticide use by 71%, while yields
grew by 42%.²⁶

Inorganic fertilizer use among smallholders in Sub-Saharan Africa is significantly lower than the global
average.²⁷ 

80% of African farms are smaller than 2 hectares (ha), with the typical size being less than one ha.²⁸  

Crop diversity is positively associated with increased food production and harvest-related cash income in
rural Ghana.²⁹

 An analysis of data from Ethiopian households revealed a 10% rise in crop diversity correlated with an 18%
decrease in the probability of a household being impoverished. The findings indicate that crop
diversification, a practice often used with legumes, is linked to poverty reduction.³⁰ 

Legumes are a keystone crop in African farming systems and contribute to soil fertility through nitrogen
fixation.³¹ Legumes contribute an average of 15 to 210 kilograms of nitrogen per hectare per cropping season
in Africa, depending on ecology, species, and management practices.³² 

Legumes are rich in dietary fiber, calcium, iron, sodium, phosphorus, magnesium, potassium, and protein.³³ 

International pulse trade increased fourfold over the past twenty years, and projections show increased
pulse demand in low-income countries due to population growth and rising per capita incomes.³⁴  

Underutilized legumes tend to be regionally adapted and rarely traded internationally. 6,747 underutilized
indigenous legume accessions (genetically similar seed collections to be used for preserving genetic
diversity, plant breeding, and research) are conserved at the Genetic Resources Center of the International
Institute of Tropical Agriculture.³⁵  

Frass enhances both plant growth and nutrient levels in crops. It has been shown to surpass the production
of actual animal biomass for fertilization by up to 40 times and can potentially substitute synthetic fertilizers
due to its rapid breakdown and abundant nutrient availability as an effective natural fertilizer rich in
nitrogen, phosphorus, and potassium (NPK).³⁶ 

Indigenous and underutilized food crops contribute to diverse and resilient African food landscapes as they
offer nutritional, environmental, economic, and socio-cultural benefits. Undervaluing these foods and a
decrease in passing down knowledge between generations is a challenge for producers and consumers.³⁷ 

Maize-legume cropping systems in Kenya demonstrate economic advantages as systems incorporating
cowpea and pigeon pea rotations were 32-49% more profitable than continuous sole maize production.³⁸   

Projections for pulse demand underscore a continued rise, driven by population growth and increasing per
capita incomes globally.³⁹
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The Green Revolution transformed global agriculture
with far-reaching consequences for local food
systems. Notably, despite the structural push of
agricultural subsidies to commercialize external inputs,
African farming systems remain characterized by low
use of inorganic fertilizers, estimated at 21 kilograms of
nutrients added per hectare (kg/ha) of harvested land
per year 40 compared to the global average of 146.4
g/ha.⁴¹ 
 
Recent evaluations of Green Revolution initiatives
prioritizing cereal monocropping suggest that low-
diversity chemical-dependent agriculture produces
uneven nutritional gains that in some instances may
even exacerbate food precarity and environmental
issues.⁴² Promotion of input-reliant crop varieties has
contributed to ecological degradation and placed long-
term nutrition security in a precarious position despite
the immediate high-productivity Green
Revolution benefits.⁴³  For example, smallholder
dependence on long supply chains for seeds, fertilizer,
and pesticides creates vulnerabilities when farmers’
access to these inputs is disrupted. Moreover, pesticide
run-off and the overexploitation of groundwater for
agricultural irrigation have led to a decline in both for
direct and indirect purposes.⁴⁴  
 
Emphasis on cereal production around the world⁴⁵ has
driven the global focus to a small number of crops --
nine plant species accounted for 66% of total crop
production in 2019.⁴⁶ In many cases, a growing
dependence on cereals is correlated with declines in
production of traditional legume crops.⁴⁷  Legumes
have served as key components of Indigenous food
systems for thousands of years⁴⁸  and traditional
agricultural strategies have long leveraged legumes
ecosystem benefits to enhance soil fertility.⁴⁹ Thus, the
reduced cultivation of this soil fertility tool has
contributed to a heightened reliance on synthetic
fertilizers among smallholder farmers. This presents a
growing challenge in Africa, where fragmented
fertilizer markets, rising fertilizer prices, and precarious
global supply chains make smallholder farmers’ access
to external inputs inconsistent.  
 
With the decreased production of locally-adapted
indigenous crop species that were previously regionally
significant, many legumes today are underutilized
despite their benefits for human and planetary health.
Among the unique benefits of these underutilized or
"orphan" legume crops are diverse nutritional profiles,
high tolerance to traditional biotic and abiotic
stressors, and traits supporting broader ecosystem
health.⁵⁰ As climate change threatens agricultural
systems globally, revitalizing overlooked and hardy
crops may be an effective adaptation strategy.  

Introduction
The support of legume crops in African farming and food
systems should be carried out in the context of a broader
agroecological intensification strategy. As a scientific
discipline and practice, agroecology applies social and
ecological renewal principles to farming. Agroecological
approaches are increasingly gaining attention as a means
to address persistent malnutrition and poverty without
compromising environmental health.⁵¹ Agroecology often
draws from, and builds on, Indigenous and traditional
management techniques. Farming communities that have
lived in a given environment for generations often hold
knowledge, developed over years of observation and
experimentation, that contributes to nutritional security
and environmental sustainability. Many traditional
strategies involving polyculture, cover cropping, and
erosion prevention leverage legume production for long-
term resilience and fertility.⁵²  For example, the continued
production of locally adapted underutilized legumes in
places like Niger, Ethiopia, and Mali provides a rich nutrition
source for humans and livestock during drought.⁵³
  
The levels of implementation and impact of Green
Revolution policies, technologies, and approaches are
uneven across Africa.⁵⁴ This variability across regions has
permitted some smallholder producers to retain legumes
as part of their farming systems.⁵⁵ Smallholder farmers
who lack the financial resources or access to engage in
more input-reliant industrial farming still leverage
underutilized legumes for food, income, and nutrition
security.⁵⁶ While the reintroduction of legume crops into
agricultural systems where they have declined is essential,
in these areas supporting smallholders to continue and
expand legume cultivation is also critical. As part of an
agroecological transition, the potential is high to transfer
knowledge from such locations where legumes have
remained in cultivation to ones where they have been lost,
as long as regional variation and local contexts are
recognized.  
 
Importantly, soybeans are a legume commodity crop
produced in Africa that play a key role in global agricultural
production and market systems. However, this report will
not focus on soybeans and instead propose alternatives for
reducing reliance on the long external input supply chains
required for effective soybean production. While
commercial soybean production is successfully undertaken
across Africa, farmers without access to inputs do not reap
maximum benefits⁵⁷ and find that soybeans are more
vulnerable⁵⁸ to numerous pests and climate change
compared to native legume species.⁵⁹ Sub-Saharan Africa's
soybean yield is low due to variability in access to vital soil
inputs like fertilizers and rhizobial inoculants, standard in
global industrial-scale production.⁶⁰ When smallholders
have limited access to supply chains and purchasing
power, a logical alternative is to capitalize on locally
adapted and climate-resilient underutilized legumes, which
have been overlooked in favor of cereal crop production.⁶¹

41. Food and Agriculture Organization. (2020). Fertilizer consumption (kilograms per hectare of arable land). The World Bank DataBank. https://data.worldbank.org/indicator/AG.CON.FERT.ZS 
42. AGRA. (2022, February 28). Piata Evaluation Report. Sustainably Growing Africa's Food Systems. Retrieved from https://agra.org/piata-evaluation/ 
43. John DA, Babu GR. Lessons From the Aftermaths of Green Revolution on Food System and Health. Front Sustain Food Syst. 2021 Feb 22;5:644559. doi: 10.3389/fsufs.2021.644559. PMID: 34212131; PMCID: PMC7611098. 
44. Iglesias, A., Garrote L; Quiroga, S. & Moneo, M. 2012. From climate change impacts to the development of adaptation strategies: challenges for agriculture in Europe. Climatic Change, 112: 143–168. DOI 10.1007/s10584-011-0344-x 
45. Chibarabada TP, Modi AT, Mabhaudhi T. Expounding the Value of Grain Legumes in the Semi- and Arid Tropics. Sustainability. 2017; 9(1):60. https://doi.org/10.3390/su9010060 
46. FAO. 2019. The State of the World’s Biodiversity for Food and Agriculture, J. Bélanger & D. Pilling (eds.). FAO Commission on Genetic Resources for Food and Agriculture Assessments. Rome. 572 pp. (http://www.fao.org/3/CA3129EN/CA3129EN.pdf) Licence: CC BY-
NC-SA 3.0 IGO 
47. Khoury, C.K., Bjorkman, A.D., Dempewolf, H., Ramirez-Villegas, J., Guarino, L., Jarvis, A., Rieseberg, L.H. and Struik, P.C., 2014. Increasing homogeneity in global food supplies and the implications for food security. Proceedings of the national Academy of Sciences,
111(11), pp.4001-4006 
48. Global Alliance for the Future of Food, The Politics of Knowledge: Understanding the Evidence for Agroecology, Regenerative Approaches, and Indigenous Foodways. n.p.: Global Alliance for the Future of Food, 2021 
49. Snapp, S.S., Blackie, M.J., Gilbert, R.A., Bezner-Kerr, R. and Kanyama-Phiri, G.Y., 2010. Biodiversity can support a greener revolution in Africa. Proceedings of the National Academy of Sciences, 107(48), pp.20840-20845
50. Chapman MA, He Y, Zhou M. Beyond a reference genome: pangenomes and population genomics of underutilized and orphan crops for future food and nutrition security. New Phytol. 2022 Jun;234(5):1583-1597. doi: 10.1111/nph.18021. Epub 2022 Mar 22. PMID:
35318683; PMCID: PMC9994440 
51. Wezel, A., Herren, B.G., Kerr, R.B., Barrios, E., Gonçalves, A.L.R. and Sinclair, F., 2020. Agroecological principles and elements and their implications for transitioning to sustainable food systems. A review. Agronomy for Sustainable Development, 40, pp.1-13. 
52. Ramirez-Santos, A.G., Ravera, F., Rivera-Ferre, M.G. and Calvet-Nogués, M., 2023. Gendered traditional agroecological knowledge in agri-food systems: a systematic review. Journal of Ethnobiology and Ethnomedicine, 19(1), pp.1-19. 
53. Abberton et. Al, 2022 
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This section presents a scientific basis and agricultural management strategies for re-introducing and
promoting legumes as a solution to human and environmental health challenges across Africa.  
 
Legumes are a rich source of essential dietary nutrients, including protein, dietary fiber, vitamins, and
minerals, and have been linked to reduced risk of heart disease.⁶² Legumes also present an alternative
or complement to animal-based proteins, and their intensification can play a role in greenhouse gas
(GHG) emission mitigation strategies,⁶³ as legume consumption results in significantly lower emissions
per kilogram of protein compared to any animal product. Recent data demonstrates that producing one
kilogram of beef emits 60 kilograms of CO2-equivalent GHGs, while the production of a kilogram of peas
emits just 1 kilogram of CO2-equivalent GHGs.⁶⁴ 
  
Leguminous crops can also reduce the need for synthetic fertilizers by enriching the soil with nitrogen,
contributing to weed suppression, aiding in soil conditioning, and reducing the risks of soil erosion.
Deep root systems and nitrogen fixation further contribute to drought resilience and adaptability of
underutilized and breeders’ varieties of legumes.⁶⁵   
 
Indigenous legume species developed by farmers through selection over time in response to their local
environments often exhibit resilience to marginal or extreme conditions. High levels of genetic diversity
in localized landrace forms can further facilitate rapid adaptation to changing conditions, particularly as
genetically diverse legumes are more resilient to biotic and abiotic stressors compared to their bred
cultivar counterparts.⁶⁶ 

Legumes for Human and
Planetary Health 

62. Afshin, A., Micha, R., Khatibzadeh, S. and Mozaffarian, D., 2014. Consumption of nuts and legumes and risk of incident ischemic heart disease, stroke, and diabetes: a systematic review and meta-analysis. The American journal of clinical nutrition, 100(1),
pp.278-288 
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Nitrogen Fixation in Legumes: A Symbiotic
Relationship and its Agricultural Impact 

Agroecological legume production is a sustainable and cost-effective solution to fix nitrogen into
soil and reduce reliance on external inputs. In the intricate process of biological nitrogen fixation,
atmospheric nitrogen gas (N2) is harnessed and made available to legumes by soil bacteria called
rhizobia. The term 'fixation' here denotes the conversion of inert atmospheric nitrogen into a
biologically accessible form, thus fortifying the soil's nutrient content. These rhizobia establish a
symbiotic relationship with legume plants, where nitrogen from the atmosphere can more easily
enter specialized structures within the legume's root system known as nodules. Nitrogen from the
atmosphere is absorbed through these nodules with the aid of rhizobia. The legume experiences
facilitated nitrogen-based growth, while the rhizobia acquire carbon and nutrients as byproducts
from the legume's photosynthesis.⁶⁷ 
 
For every ton of dry matter produced by crop legumes, approximately 30–40 kg of nitrogen on
average is fixed on a whole plant basis.⁶⁸ This nitrogen fixation process naturally fertilizes the soil
and can increase crop yield, directly benefiting farmers.⁶⁹ Importantly, the nature of the legume-
rhizobia symbiosis is affected by legume species, geographical location, and prevailing climatic
conditions.⁷⁰ 
 
The capacity for nitrogen fixation is mostly limited to leguminous plants. Rare exceptions include
alder trees, bayberry, and a variety of maize called olotón.⁷¹ Aside from olotón, nitrogen fixation is
not known to occur in cereals. The scientific community has yet to develop cereal crops for
nitrogen fixation. If achieved, genetically uniform cereal varieties are likely to become the initial
available crop to market. The likely substantial costs of nitrogen-fixing cereal seeds will limit
accessibility for smallholders, and such engineered lines will be genetically homogenous and likely
highly reliant upon inputs such as inoculants.⁷² 

Legume Diversity and Production Practices 
Legume crops encompass a remarkable diversity of species, varieties, and cultivation methods,
making them a versatile addition to agricultural systems and diets. Crops produced globally such as
the soybean, pea, and chickpea are well-known, but thousands of less-utilized species like lupins,
lablab, and grasspea exhibit further variation to be exploited agronomic and culinary properties.⁷³ 

In production, legume crops can play a crucial role in agroecological systems, particularly through
the practices of polyculture and crop rotation. In legume intercropping systems, nitrogen fixation
can benefit neighboring crops, while in rotation, legumes can enhance soil fertility through the
same process for subsequent yields.⁷⁴ Legume intercropping can also deter pests and buffer
production against climate variability and extreme weather events.⁷⁵ Diverse intercropping systems
are used today around the world, from sub-Saharan and Central Africa to North and South America,
Asia, and Northern Europe.⁷⁶ Archaeobotanical research demonstrates that legume intercropping
has been a key element of traditional African farming systems for millennia.⁷⁷ Across the continent
today, introduced cereal crops like maize are intercropped alongside native legumes such as the
common bean, cowpea, and groundnut.⁷⁸ Legume cover crops can provide livestock with high-
quality forage, simultaneously improving soil health through animal waste and nitrogen fixation
inputs.⁷⁹
 
Index Table 1 presents selected underutilized legume species, detailing their significance, species,
production potential, resilience, nutritional composition, and origin and production region. 
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PMCID: PMC7464700 
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Evidence for the Efficacy of Legume Production
Fostering agroecological practices and legume production provides a means of enhancing fertility and
nutrition security without sacrificing sustainability.⁸⁰ Thousands of climate-resilient and locally adapted
legume varieties exist, and farmers hold intergenerational knowledge of traditional food crops and how
to leverage them into broader nutritional security for their communities.⁸¹   
 
Field studies conducted in various agroecological zones of Ghana reveal that rotating pigeonpea with
maize can boost maize yields by 75–200% compared to predominantly maize-based farming systems.⁸²  
In Ethiopia, there is evidence that households which practice intercropping are less likely to be poor
than households that specialize in one type of crop production.⁸³ 
 
Furthermore, studies have revealed the economic benefits of intercropping practices in Africa.
Intercropping maize with legumes has demonstrated that intercropping maize with legumes
demonstrates a significant capacity for weed suppression and can lead to an average increase of 23%
in maize yields. This improvement translates to a substantial gross income boost for farmers, averaging
around US $172 per hectare.⁸⁴ However, increasing legume production among smallholder farmers at
scale depends on a strong knowledge base for ecologically tailored management practices across
diverse environments and farming systems.⁸⁵  
 
Intercropping underutilized legumes could help transform African smallholder agriculture. Legumes
improve soil fertility and nutritional security while reducing reliance on potentially ecologically
damaging and expensive chemical inputs with precarious supply chains. 

Image description: Bush bean (Phaseolus vulgaris L), Kenya.
Photo courtesy of Dr. Chrysantus Mbi Tanga
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Fostering Agroecological Legume Production:
Economic and Strategic Context 
The agricultural productivity, food security, and environmental sustainability benefits of
agroecological legume production ought to be incentivized by smart policies and economic
instruments. Subsidies that promote sustainable practices may pose economic and on-farm
benefits such as soil health improvement and agricultural resilience. 
 
At present, agricultural subsidies overwhelmingly favor cereal monocropping, causing
unsustainable farm dependency on external inputs.⁸⁶ Governments or agriculture agencies may
provide free or subsidized distribution of inputs, such as through vouchers for farmers to purchase
inputs at a subsidized price from authorized suppliers. Additionally, financial institutions or
governments may offer smallholder farmers access to low or zero-interest loans to buy agricultural
inputs.⁸⁷  
 
The design of subsidy schemes is critical to effectively reach farmers, given that subsidies can be
susceptible to inefficiencies, biases, and corruption within the contexts of low- and middle-income
countries.⁸⁸ Unlike traditional subsidies favoring monoculture cereals and chemical inputs, investing
in legume-based agroecology can improve soil health, agricultural resilience, and food security.  
 
To redirect subsidy programming effectively, piloting, monitoring, and evaluating legume-based
agroecological intensification plans is needed to assess impacts, opportunity costs, and the long-
term effects on farmer livelihoods.⁸⁹ While in many cases pulses are used for home consumption in
smallholder systems, for those aiming to take their crops to market, pulses often involve long and
complex value chains for harvest and processing. Legumes undergo various post-harvest
processing to preserve the quality, nutritional value, and marketability of the harvested pulses.
Each additional stage of storage,post-harvest processing, trading, and transportation along the
value chain results in an increased gap between producer and end-consumer prices, leaving
smallholders from capturing much of the value of their products.⁹⁰ These economic insights
highlight areas where subsidies should be leveraged to support legume production and post-
harvest processes.  

Challenges of Input-Reliant Agricultural
Development: Examining Implications and
Alternatives in African Context 

Agricultural development programs can undermine smallholder livelihoods when yields and
availabililty of inputs are prioritized above human and planetary health.⁹¹ As Green Revolution policies
prioritized cereal monocropping globally, the provision of agricultural inputs to farmers reduced crop
diversification and legume consumption in Africa's semi-arid and arid tropics.⁹² While fertilizer input
subsidy programs (ISPs) have been shown to temporarily increase food output during periods where
inputs flow cheaply and bountifully to smallholders, the reliance they create is not economically or
environmentally sustainable.⁹³ Fertilizer supply chain disruptions driven by political and economic
forces can further jeopardize yields of staple cereal crop varietals bred for heavy nitrogen
supplementation. Even prior to the fertilizer shortages and supply chain disruptions stemming from
the global COVID-19 pandemic and Russian invasion of Ukraine, ISPs across the continent
demonstrated mixed results due to inconsistent farmer access to the inputs promoted by the
subsidy, incorrect seed-input pairing and technical assistance, and uneven distribution of input
resources both spatially and over time.⁹⁴  

https://www.fao.org/3/i7108en/I7108EN.pdf


Challenges of Input-Reliant Agricultural Development:
Examining Implications and Alternatives in African
Context Cont. 

Resource allocation to promote input-dependent agriculture can intensify challenges related to
food insecurity and environmental sustainability.⁹⁵ While cereal crops dominate global
production, cereal production in Africa is failing to meet smallholders' nutritional needs, likely
due to the high cost and suboptimal application of agricultural inputs.⁹⁶ Grain crops requiring
heavy nitrogen inputs have higher yields but at the cost of environmental health, climate
resilience, nutritional outcomes, and biodiversity.⁹⁷ Currently, government subsidies support
cereal monocropping over agroecological legumes in part because production of the latter is
slower to reach high yields and demands more farmer training and labor for production and
processing. This dynamic deters smallholder farmers from pursuing legume production.⁹⁸
 
AGRA, a prominent international alliance founded in 2006 to propel agricultural transformation
throughout Africa, has encountered the limitations of cereal monocropping in efforts to provide
grants and technical expertise to farmers. Many AGRA programs focused on increasing staple
grain crop production levels, rather than optimizing for self-sufficiency and yield stability under
unpredictable conditions. These programs promoted the increased use of external inputs such
as commercial seeds and fertilizers to boost short-term yields, potentially leaving farmers
financially worse off and causing land degradation in the long-term.⁹⁹ Critics of these programs’
concerns revolve around the shift of agricultural profits from farmers to corporations, as the
yield-increasing methods are typically corporate proprietary products.¹⁰⁰ Furthermore, an
independent report revealed a 30% rise in undernourished people within AGRA's focus countries
from 2006 to 2020.¹⁰¹ Generally, for African smallholders, there is little evidence supporting the
idea that increased crop commercialization immediately improves nutritional status.¹⁰² 
 
One example of a cereal agricultural intervention with mixed results is AGRA-led Partnership for
Inclusive Agricultural Transformation in Africa (PIATA) program, launched in 2017 with an aim to
increase agricultural productivity, livelihoods, and value chains. PIATA favored cereal production
which decreased crop diversity and failed to enhance farmer livelihoods substantially,¹⁰³ and
showed limited success in maize yield growth across six countries.¹⁰⁴ PIATA achieved certain
successes like policy reforms, partnerships, and extension programs, but it is notable that
income and productivity gains were more pronounced among younger, wealthier, male farmers,
than they were for women farmers.¹⁰⁵ 
 
Importantly, advocates of AGRA highlight the potential to use its network and relationships to
support transitions from those short-term-oriented farming strategies to agroecological ones
that favor localized and affordable production for long-term sustainability for farmers and their
ecological environment.¹⁰⁶ Currently, AGRA and other international partnerships and approaches
are increasingly prioritizing legumes. In 2022, AGRA participated in the Beans is How global
launch, an initiative seeking to double the worldwide consumption of beans and other legumes
by 2028 as an affordable and accessible solution to address global health and climate
challenges. AGRA also engaged in discussions regarding promoting and integrating climate-
resilient African crops within broader food systems, emphasizing the need for research
investment, value addition, and improved market linkages.¹⁰⁷
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Dependence on fertilizer supply chains has created deep systemic vulnerabilities due to
uncertain policy environments, high fertilizer retail prices, and limited financial access.¹⁰⁸  
Russia’s war in Ukraine has exacerbated pre-existing constraints to fertilizer production,
trade, and consumption in Africa.¹⁰⁹
 
The onus is on policymakers and funders to consider transitions away from long, unstable,
and costly agricultural input supply chains. Agroecology encompasses localized, easy-to-
implement, and affordable approaches that can generate stable income and employment
without creating farmer dependency on agribusiness inputs or reducing biodiversity,
particularly by producing underutilized legumes.  

Challenges and Dynamics of
Fertilizer Manufacturing and
Supply in Africa 
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Structural Barriers Regulatory and
Financial Barriers

Fertilizer manufacturing in Africa hinges
precariously on global supply chains, where
specific fertilizer nutrients are sourced
internationally before processing at blending
plants across the continent. Most African
fertilizer manufacturing plants specialize in
blending imported inputs of nitrogen,
phosphorus, and potassium compounds
required by local farmers.¹¹⁰ In North Africa,
Morocco plays an important role in fertilizer
production and blending for the whole
continent. Additionally, in April 2022, a $2.5B
urea and ammonia fertilizer plant was
opened in Lagos, Nigeria.¹¹¹ Despite this new
plant, fertilizer production in sub-Saharan
Africa as a whole significantly declined in
2022 as rising input prices challenge
manufacturer's cost-effectiveness.¹¹²
Furthermore, interruptions and delays in the
supply chains of specific input compounds
needed at fertilizer blending plants disrupt
farming operations as farmers are deprived
of specific nutrients for unknown periods.
Moreover, global suppliers lack incentives to
supply fertilizer to Africa due scalability
challenges and low market prices.¹¹³ 
 
In addition to fertilizer access and uptake,
precarious agricultural input supply chains
threaten food security when farmers rely on
them for bred cultivars and related inputs for
their livelihoods. Infrastructural constraints,
such as inadequate roads, railways, and port
facilities, as well as transportation costs, limit
the quantity of fertilizer that farmers,
especially smallholders and those with fewer
resources, are able to access. The onset of
Russia’s war in Ukraine exemplified the
precarity of relying on long fertilizer supply
chains as high input costs curbed outputs at
fertilizer blending plants in sub-Saharan
Africa in 2022.¹¹⁴ 

Other challenges in demand the African
fertilizer industry faces include limited
market information, technical barriers, and
poor regulatory frameworks.¹¹⁵ For
example, farmers' access to fertilizer
varies based on how national
governments or other actors purchase
and subsidize inputs for local
implementation.  
 
Farmers face challenges in effectively
utilizing fertilizers, mainly stemming from
inadequate access to proper extension
services and training resources, as well as
difficulties in securing funds for timely
procurement during different seasons.
Moreover, the absence of a futures market
for fertilizers results in suppliers imposing
significant premiums to mitigate the
inherent risk that smallholder farmers may
not have adequate capital to access loans
and purchase necessary inputs. 
 
The ineffective procurement and
distribution of fertilizers can be traced
back to misaligned timing, where
governments and larger-scale farmers
tend to acquire fertilizers during periods of
peak demand in the northern hemisphere.
This exacerbates the challenges faced by
farmers and further underscores the need
for strategic planning and support in the
agricultural supply chain. 
 
Finally, credit is often difficult for low-
income farmers to acquire to accelerate
fertilizer flow among African countries,
meaning rising input costs exacerbate
existing accessibility barriers. Low-income
farmers may not have access to credit for
purchasing adequate fertilizers,
pesticides, resilient seeds, and other
farming inputs.¹¹⁶ 
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Ecological Considerations: The Need to Explore
an Agroecological Legume-Focused Transition 



This section presents a four-point strategy of cost-effective and agroecology-centered
sustainable management practices to guide policymakers. Shifting toward agroecological
transitions accomplishes numerous sustainability objectives, encompassing economic,
environmental, social, nutritional, health, and cultural aspects of food production to nourish
people and planet. These solutions should be tailored to diverse environmental and cultural
contexts.¹¹⁷

1. Redirect Subsidies to Support Legume
Intercropping

2. Research Underutilized Legumes and
Soil Bacteria

3. Harmonize Formal and Informal Seed
Sectors

Four Point Strategy to
Advance Legume-Centered
Agroecology 

4. Integrate Frass and Legume Production
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Context Solution

Importantly, subsidies could instead
stimulate the re-adoption of Indigenous
technologies among recipients and their
social networks.¹²¹ Such novel subsidy
programs can encourage climate-smart
agricultural practices through extension
services to support smallholders’ effective
legume use for sustainable agricultural
management. In implementing this
recommendation, policymakers should be
wary of supplanting pre-existing traditional
legumes, prioritizing existing localized
management practices and Indigenous
technologies in supporting the resurgence
of underutilized crop production.¹²² 
 
Based on concerns over the past efficacy
of fertilizer inputs at improving farmer well-
being as well as looming fertilizer
shortages, novel subsidy programs should
prioritize effective legume crop
diversification practices. They should aim
to broaden farmers' understanding of the
impact of plant-sourced nitrogen on crop
performance, subsidize legume seed
access for farmers, while respecting local
cultural preferences.  

Relationship building and collaborative
exchanges between smallholder farmers
and the public, private, and philanthropic
sectors are necessary to advocate for
funding and develop extension
programming to support agroecological
transitions. Educational initiatives and
technical assistance for farmers to better
leverage the nitrogen fixation capacity of  
legumes can improve soil health and offer
other direct benefits through human
consumption and animal fodder.¹²³ 
 
A major challenge smallholder producers
face is a lack of regular technical
assistance and support when adopting
new practices.¹²⁴ Legume-based
agroecological transitions can take 5-6
years to complete, but can be achieved
through training programming, peer
support, agricultural extension to
participants, and long-term knowledge-
sharing programs.¹²⁵ In redirecting
subsidies to support legume production, it
is crucial to consider both the gender
impacts as well as the energy use
associated with legume cultivation,
processing, and preparation. 

1. Redirect Subsidies to Support Legume
Intercropping
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Current agricultural input subsidy programs may be minimally effective or even reduce African
smallholders' use of sustainable agriculture practices.¹¹⁸ A study on fertilizer subsidy effects on
cowpea production and crop diversity in Malian villages found that input subsidies are strongly
and negatively associated with the cultivation of legumes as a primary or a secondary crop.¹¹⁹  
Extended cultivation reliant upon inorganic fertilizers can make soils unsuitable for cultivation
without continued fertilizer inputs due to changes in soil structure, chemistry, and microbial
composition.¹²⁰ Particularly in times where supply chain disruptions do not constrain access,
subsidies supporting excessive fertilizer application can thus impede farmers' ability to
reintroduce legumes as a natural source of soil fertility. 



Context

Different legume species require specific rhizobia species to form nodules and fix nitrogen.
Rhizobia also vary widely across African contexts and despite recent increases in research on
these species, there are still large gaps in the scientific knowledge of legume-rhizobia
interactions.¹²⁶ Developments in our understanding of microbial interactions with underutilized
legumes require measuring these relationships in the contexts of natural settings¹²⁷ and
expanding knowledge of the nitrogen fixation mechanism.¹²⁸

Solution
Local environment-specific research on
the interactions between underutilized
legumes and naturally occurring rhizobia
is needed. The distribution and ecology of
indigenous African rhizobia is not well
understood and¹²⁹ with more information
on interactions between underutilized
legumes and microbes, smallholders may
be able to increase crop yield with
minimal intervention.¹³⁰
 
For example, while novel research has
assessed rhizobial biodiversity and nodule
functioning among cowpeas to some
degree, further studies should assess
symbiotic functioning and
Bradyrhizobium biodiversity among
diverse underutilized legume species.¹³¹
Most legumes are capable of fixing ample
nitrogen through naturally occurring
rhizobial populations, including cowpeas
(Vigna unguiculata), lentils (Lens
culinaris), chickpeas (Cicer arietinum).¹³²  
However, inoculation with prepared
rhizobia can be beneficial where there
may be limitations in natural local rhizobia
populations. Legume-bacteria
interactions are complex, and legume
inoculation requirements vary by species,
abiotic soil conditions, and compatible
rhizobia strains present in the soil.
Inoculation with specific rhizobia strains
can augment effective nodulation and
nitrogen fixation.¹³³ 

Future research should investigate
local legume varieties and rhizobia
interactions. Identifying locally
adapted rhizobia strains may inform
future management practices to build
natural nitrogen-fixing capabilities in
underutilized legumes.¹³⁴ Public,
private, and NGO sector organizations
should coordinate to support country-
specific national programs that
support rhizobium collection and
evaluation. Ethnobotanical surveys¹³⁵  
may be conducted to assess the
traditional planting, processing, and
cooking methods and technologies to
reduce anti-nutrient factors.¹³⁶ 
 
Additionally, public sector research via
national university agricultural
program grant funding could
encourage capacity development for
regulators and extension agents for
rural development programming on
enhancing legume production in local
contexts. Locally conducted research
should focus on ecological and cultural
diversity to move beyond a one-size-
fits-all approach to agroecological
legume production.

2. Research Underutilized Legumes and Soil
Bacteria
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Many African governments regulate a formal commercial seed market to facilitate farmer
access to improved cereal seeds. Constraints of farmer access to commercial seeds include
the limited variety of seeds available in commercial markets, the urban locations of
distributors, and a high sum of initial capital needed to purchase a sufficient amount of
seed.¹³⁷ The select farmers who benefit from a formal seed market own larger farms and had
more capital to maintain their reliance on inputs. Still, fertilizer disruptions affect all farmers,
though disproportionately more so for smallholders during supply chain interruptions.  

In response to the obstacles of accessing breeders’ varieties, many smallholders cultivate
underutilized legumes for their farming practices. It is estimated that 80-90% of all African
seeds planted are sourced through unregulated informal systems which support a diversity
of environmentally adapted seeds and reach remote areas through social networks.¹³⁸  
Additionally, due to the rural nature of smallholders, they can be difficult to reach with
extension programming.  

3. Harmonize Formal and Informal Seed Sectors
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Context Solution
While farmers rely on formal and informal
systems for different crops, many legumes
tend to be farm-saved or informally
distributed in local markets.¹³⁹ Additionally,
bred legume cultivars vary in their ability
to meet households' cultural and
nutritional needs due to the costly nature
of purchasing seed and associated inputs,
particularly when compared to cost-
effective and locally adapted cultivars.¹⁴⁰ 
 
Harmonizing and integrating seed systems
entails leveraging regulated commercial
seed markets and unregulated informal
systems to enhance agricultural practices
while maintaining cultural continuity,
improving access to underutilized and
resilient seeds, and encouraging
collaboration between farmers and
research sectors for sustainable and
inclusive agriculture.¹⁴¹  

Seed system integration complements
cultural continuity and Indigenous
knowledge preservation to harmonize
formal and informal systems, catering to
local farming contexts.¹⁴²

Rather than restructuring seed networks,
development programs, and commercial seed
distributors should adopt a pluralistic
approach to build on existing informal sector
capacities of smallholder farmers and
distributor knowledge and trade networks.¹⁴³
Local informal market seed distributors can
reach rural smallholder farmers and foster
relationships with external stakeholders for
extension services and research. With the
support and consent of local communities to
research underutilized crop seeds, these
partnerships would entail new supply chains
via local informal seed distributors who can
access rural farmers for intervention efforts
and to access underutilized crops for
research.¹⁴⁴ Seed sector unification and
stakeholder partnerships would build on
existing informal seed supply chains to
access rural farmers and provide research
and development opportunities for legume
seed and rhizobia research.¹⁴⁵  
 
The intended effect of this recommendation
is not to replace indigenous systems and
informal supply chains but rather to revitalize
systems threatened by erasure. While novel
approaches to harmonize seed sectors and
re-introduce underutilized crops are
important, well-intentioned projects should
refrain from supplanting local knowledge and
indigenous crops. By building on existing seed
networks, ethical development will pave the
way for farmers to pursue affordable and
effective management solutions.¹⁴⁶ Care
should be taken not to make farmers
dependent on an additional supply chain but
to encourage community-scale self-
sufficiency. 
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Context

Supplemental fertilization with insect frass can maximize soil health benefits and legume
production by complementing legumes' inherent nitrogen fixation capacity. Frass is an innovative
agroecological solution to drive the recycling of nutrients and biomass by reintroducing
byproducts and waste generated from insect rearing and processing (including spent feedstock,
insect feces, and cuticles) into a fertilizer as an affordable and sustainable solution to meet soil
nutrient needs and shorten long synthetic input supply chains.¹⁴⁷ In regions with limited access to
conventional fertilizers, frass offers a sustainable and locally available alternative. Frass also
contains nitrogen-fixing and nitrifying bacteria that differ from the microbes in legume-rhizobia
symbiosis.¹⁴⁸

Solution
Frass can be a beneficial addition to legume-
intensive agroecological approaches¹⁴⁹ as an
alternative or complement to conventional
chemical fertilizers.¹⁵⁰ In addition to providing
easily accessible nitrogen, frass can promote
crop growth¹⁵¹ by adding microorganisms to
the soil and can reduce crop vulnerability to
abiotic stress and pests.¹⁵² Notably, the
microbes and high phosphorus levels present
in frass enhance soil nitrogen availability for
plants and complement nitrogen-fixing
legumes, further reducing the need for input
fertilizers while simultaneously regenerating
soils.¹⁵³ 
 
Frass application also benefits legume crops
due to its efficacy in suppressing soil-borne
pathogens, reducing soil acidity and salinity,
and increasing the availability of nutrients in
the soil.¹⁵⁴ For example, mealworm frass
application on legumes increased abiotic
stress tolerance and promoted plant growth.¹⁵⁵ 

There is no consensus on a singular most
effective frass; however, the black soldier fly
(Hermetia illucens) is a well-studied species
containing high levels of nutrients, including
nitrogen, phosphorus, and potassium,
essential for plant growth.¹⁵⁶ The following
recommendation focuses on the black soldier
fly (BSF) frass, which can increase soil
macronutrient contents more than manure.¹⁵⁷ 

Integrating frass fertilizer into legume-
intensive agroecology requires evaluating its
compatibility with local agricultural practices,
assessing application challenges, and
understanding the perceptions and attitudes
of the local smallholders toward novel frass
fertilization methods. Frass fertilizer efficacy
varies depending on the insect species and
diet. 
 
BSF frass has demonstrated the fast-acting
efficacy similar to ammonium nitrate when
implemented in research plots.¹⁵⁸
Furthermore, its production is simple,
requires little space, and is cost-effective.
Additionally, BSF is commonly produced for
animal feed, with leftovers going to waste.
Those leftovers could be leveraged to
develop quality fertilizer and animal feed,
maximizing on-farm efficiency.  
 
Additionally, BSF frass effectively induced
disease resistance in cowpeas to protect
against yield loss. Chitin is a product of
exoskeletons of insect larvae present in
insect frass biofertilizers which contains
fragments that can trigger disease
resistance in crop plants when used as a soil
amendment, potentially enhancing cowpea's
ability to resist diseases.¹⁵⁹ Utilizing frass as
an organic fertilizer presents great potential
as an alternative to agrochemicals while
supporting legume resilience for enhanced
nutrient security.¹⁶⁰  Further funding and
research on BSF production is needed to
better understand the effects variation in
nutrient contents in BSF-legume systems.¹⁶¹

4. Integrate Frass and Legume Production
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While the proposed four tier strategy is tailored to meet local conditions and agricultural needs
for sustainable food systems, it is not without its limitations. There is little data on the various
timelines and farmer support needed to transition to agroecological management practices.¹⁶²
 
The authors acknowledge the multifaceted challenges inherent in real-world contexts that
could pose unanticipated obstacles. Strategies must be rooted in the local milieu, with
implementation embraced by local populations, based on their assessment of value and utility.  
 
Ensuring that any transition does not cause major disruption to livelihoods will be crucial.
Moreover, research and extension capabilities, labor input needs, and anti-nutritional factors of
legumes are all limitations that require consideration when developing cost-effective and
agroecology-centered sustainable management practices.  

1. Limited Data and Information
Limited data necessitates context-specific frameworks for smallholder
agriculture transitions.

2. R&D Infrastructure
Challenges to implement extension services and locally based research and
development. 

3. Labor Inputs
Soils may be non-responsive and the labor inputs of legume production can
be quite high. 

Barriers and Constraints to
Strategy Implementation 

4. Legume Antinutritional Factors
Specific processing and cooking are needed for legume health benefits due to
the existence of anti-nutrients that affect absorption. 
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Transition Challenges & Dynamics 
Data on smallholder agriculture transition timelines are minimal.¹⁶³ Moreover,
context-specific frameworks for agroecological transitions must be tailored to
local knowledge, practices, and ecological conditions. Charting paths away
from highly input-reliant agriculture will require careful balance for
smallholders and promote legume-forward agroecological approaches for a
food-secure future. An anticipated increase in demand for legumes due to
their soil-building qualities and nutrient density may present challenges if
sustainable production transitions do not have adequate oversight. Legume-
forward crop diversification will support biodiversity and soil health without
extensively reducing cereal production. ¹⁶⁴ Across research and policy, there is
an informed consensus of increased legume production as a strategy to help
mitigate current health and environmental-related global crises.¹⁶⁵ 
Commercializing local crops sometimes creates unintended consequences,
including surges in demand and prices, which render traditional food
unaffordable in local contexts.¹⁶⁶ 
 
The market supply of legumes tends to rise in response to increased
production.¹⁶⁷ If legume demand fails to increase proportionately, the
increased supply can result in a surplus, leading to downward pressure on
prices, particularly in local markets where legumes are predominantly sold.
Lower prices for legumes may affect the income and livelihoods of smallholder
farmers who rely on legume cultivation as a source of income. It can also
impact the economic viability of legume farming, potentially discouraging
farmers from continuing or expanding legume production. Trade policies,
market infrastructure, and value-added processing also have the potential to
mitigate adverse farmer livelihood effects of increased legume production. 

Balancing Innovation, Sustainability, and Local Needs in Agricultural
Management  
Challenges to researching agricultural management practices include
extension compatibility with local farm systems, access to underutilized crop
varieties¹⁶⁸, and unsustainable dependence on foreign private sectors
for research and extension funding.¹⁶⁹ Moreover, there is great potential for
legume seed research and development. If done in appropriate contexts and
sensitive to the needs and desires of local farmers, genome editing poses a
unique opportunity to enhance grain legume varieties and re-domesticate lost
species to deepen our understanding of crop resilience.  
 
There is tension in introducing bred legume varieties in contrast to supporting
the intensification or re-introduction of underutilized crops. Agronomic
studies have found that disease resistance-related genes can be lost during
the legume domestication processes, implying that resistance-conferring
alleles may be lost in domesticated populations.¹⁷⁰ Introgression breeding
(genetic modification of one species by another through hybridization)
successfully transfers beneficial alleles from wild to domesticated accessions
in legumes. Molecular mapping tools can enable the further transfer of
advantageous genes.  

Barriers and Constraints to Strategy
Implementation 
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Barriers and Constraints to Strategy
Implementation Cont.

Labor Inputs and Gender Dynamics 
 In specific ecological contexts, the yield improvement from
agroecological practices on nutrient stocks and soil organic matter
content can be small compared to the labor input requirements. Legume
harvesting and transport, as well as green manure cover cropping
practices, are labor-intensive practices where mechanization is only
sometimes possible.¹⁷¹ Additionally, sometimes soils are non-responsive,
meaning that physical, chemical, or biological properties in soil limit the
nitrogen fixation ability of legume plants.¹⁷² 
 
Across African agricultural contexts, women play significant roles in
planting, harvesting, processing, and cooking. Thus, it is crucial to
consider how new strategies leveraged to promote underutilized legume
production and utilization hold implications for the gender division of
labor borne by women so as not to exacerbate existing gender
inequalities.¹⁷³ Additionally, legume cultivation, processing, and
preparation require non-human energy inputs, such as fuel for
agricultural machinery or cooking. Understanding the energy use
associated with these activities is vital for assessing legume production
systems' overall sustainability or reliance on external inputs.  
 
Research on gender gaps regarding legume production in Malawi
demonstrates that policy orientation to support female smallholders in
producing different crops will require culturally sensitive and relevant
subsidies and extension services.¹⁷⁴ Furthermore, cultivating specific
legumes is often viewed as gendered activity, potentially limiting
smallholder interest or support for expanding the cultivation of particular
underutilized legume crops based on cultural contexts.¹⁷⁵ 
 

Antinutritional Factors in Legumes  
Antinutrients are compounds that interfere with nutrient absorption and
protein digestibility.¹⁷⁶ Examples of antinutrients in legumes include
phytic acid, tannins, and lectins.¹⁷⁷ Eliminating antinutrients can be
challenging across many smallholder contexts as traditional cooking and
processing methods to remove antinutrients, such as soaking,
fermenting, and cooking, can be labor-intensive and time-consuming.¹⁷⁸  
For example, grasspea, an underutilized legume, can spur the
development of a neurological disease known as lathyrism in humans and
animals. Lathyrism is characterized by spastic weakness of the legs and
is still prevalent in some regions of Asia and Africa.¹⁷⁹ Certain
antinutritional factors of legumes have been well-understood for
thousands of years, as demonstrated through culturally relevant cooking
and processing practices. 
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Highlight 1

Local and ecologically tailored legume-agroecology
management practices are climate resilient and
improve soil health, nutrient security, and farmer
livelihoods through crop diversification.  

Highlight 2

Governments & civil society actors should direct
subsidies, grants, and loans toward legume-
centered crop diversification and culturally
appropriate production methods among
smallholders. 

Highlight 3

Areas for agroecology-supporting research
development include underutilized legume crops,
soil microbial interactions, and frass fertilizer
production.  

Conclusion

Legume-Based Agroecology for African Nutrition Security
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The relatively untapped potential of agroecological intensification practices can radically
improve nutrition security, sustainability, and climate-resilient farming practices in Africa via
underutilized legume research. This involves linking agricultural and health policies in a
multisector approach to change the subsidies and policies that marginalize sustainable food
production. Integrating legume crops has the potential to rekindle thousands of years of
agroecological traditions and address challenges of nutrition security, agricultural input supply
chains, and cropland regeneration in Africa.  
 
Traditional production systems, such as legume intercropping, can be paired with new
ecologically tailored and regenerative agricultural innovations for sustainable and nourishing
livelihoods. Multilateral stakeholder investment and community-based participatory interventions
will catalyze the application of agroecological knowledge to improve human and planetary
health. 
 
Community, public, private, and academic stakeholders must leverage cross-sector
collaboration for educational initiatives and national programming in supporting the resurgence
of long-held knowledge systems and practices. The reconciliation of formal and informal
knowledge structures will happen through creative, multi-stakeholder exchanges to support
sustainable agriculture development practices. Sustainable agricultural management practices
must be prioritized to support smallholder farmers and local knowledge systems for resilient
African food systems.  
 
The four point strategy of redirecting input subsidy programming to support agroecological
management practices and legume intercropping, underutilized legume, and rhizobia research,
integrating formal and informal seed sectors, and frass fertilizer production can be adapted for
implementation across diverse ecological contexts. 

Conclusion

Legume-Based Agroecology for African Nutrition Security
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Image Description: Common Bean Variety at Market, Ethiopia 
Photo courtesy of Dr. Alex McAlvay



Table 1: Drought Tolerant and Protein

Rich Underutilized Legume Crops 
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Species presented in Table 1 were selected after a review of existing literature and research landscaping the
widespread use and potential for production, domestication origins, and genetic diversity of specific underutilized
legumes. Key species presenting the most agronomic potential were selected for incorporation in Table 1.
Information was synthesized to highlight the scientific and common names, summary of relevance, center of origin
and current production area, nutritional composition, and drought tolerance.    
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