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Welcome Statement

The Local Organising Committee is pleased to welcome delegates to the UK Legume Research
Conference 2026 at the James Hutton Institute in Invergowrie. We extend our thanks to the UKLRC
Science Steering Group for their leadership, to the UKLRC Chair of the Community, Professor Lars
Ostergaard of Oxford University, and to our sponsors whose support has made this event
possible.

This year’s conference takes place at a time when legumes, long valued by researchers but often
overlooked in policy, industry and society, are gaining renewed national attention. A series of
global shocks, including the financial crisis of 2008, major pandemics, geopolitical instability
from Ukraine to the Middle East, and the accelerating impacts of climate change, has reshaped
how the United Kingdom understands resilience. These pressures highlight the need to reduce
exposure to volatile global markets, strengthen domestic energy supply, and lessen reliance on
fossil fuels.

Food security is central to this challenge. A recent DEFRA assessment, informed by national
security agencies, confirms that the United Kingdom’s dependence on imported food and
especially imported plant-based protein presents a strategic risk. This concern has been
recognised within research and farming communities for many years, but it is now receiving
attention at the highest levels of policy.

Legumes have a central role to play in addressing this vulnerability. They are an essential
component of regenerative agriculture, encourage natural nitrogen and carbon cycling, reducing
the need for synthetic fertiliser, thus decreasing the energy burden embedded in food production.
They contribute to healthier soils, more diverse rotations, more resilient farming systems and
more nutritious diets thanks to their distinct functional and nutritional properties, all of which
align with national environmental and climate goals.

Important scientific and practical challenges remain. Legume research has historically received
fewer resources than research on major cereals, leaving gaps in genomic tools, phenotyping
capacity and long-term breeding investment. Complex traits, including nitrogen fixation
efficiency, interactions between roots and soil microbes, resilience to drought and heat, and
stable yields under low input conditions, remain difficult to measure and select for. Fragmented
datasets, inconsistent standards and limited interoperability continue to slow progress. In the
field, legumes still show variable performance and sensitivity to soil conditions, and across the
value chain, processing capacity, product development and market structures remain limited
and fragmented.

These challenges require coordinated effort, sustained investment and strong collaboration
across disciplines and sectors. UKLRC 2026 provides an important opportunity to advance the
science, practice and policy that will enable legumes to contribute fully to a more secure,
sustainable and resilient food systems.

We thank all delegates for their commitment to this community, and to the future of legume
research across the UK, and internationally.

Pietro (Pete) lannetta,

on behalf of the Local Organising Committee
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: et The UK Legume Research Community
Programme - Day 1, Tuesday May 5"
09:00 Arrival and Registration

10:00 Welcome: Pietro (Pete) lannetta, The James Hutton Institute (UK)

UKLRC Chair, Lars Ostergaard, University of Oxford (UK)

Foreword: Alison Karley, Head of Department,
Ecological Sciences, The James Hutton Institute (UK)

Session | Plenary
Chairperson: Lars Ostergaard, UKLRC Chair, Oxford University (UK)

10:15 Plenary Presentation
Ken Giller, Wageningen University & Research (NL)
Eat more beans! N.-fixing legumes are the heartbeat of Regenerative
Agriculture

11:00 Bruce Knight, Legume Technology (UK)

Elite rhizobia to next-gen BNF: microbial tools for a changing food system

Session Il Technology in Agriculture/AgTech
Chairperson: David Boldrin, The James Hutton Institute (UK)

11:15 Emily Guest, University of Cranfield (UK)
Climate-smart nitrogen management: sensor-based insights into legume-
based crop rotations

11:30 Caroline Wahome, Kenyatta University (KE)
Closing the soil information gap: accessible nutrient monitoring for
sustainable production systems

11:45 Aneesh Lale, University of Nottingham (UK)
Exploring the effects of combined heat and drought stress on the pigeonpea
root system

12:00 Raul Huertas, The James Hutton Institute (UK)
Grain legumes under vertical farming: integrating biology, production and
nutritional quality

12:15 Lunch
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Session Il Feed, Food, and Cropping Systems
Chairperson: Roger Vickers, Processors & Growers Research Organisation

13:30 Keynote Presentation
Pietro Goglio, University of Perugia (Italy)
Opportunities and challenges of legume crops across Europe:
a system design approach

14:00 Ali Karley, The James Hutton Institute (UK)
Valuing the ecosystem services from legumes in arable production

14:15 Tom Wilkinson, ADAS (UK)
Integrating legume ecosystem service monitoring into good agricultural
practice

14:30 Rafeal Duarte, Catholic University of Portugal (Portugal)

Phytochemical diversity in legume intercropping: implications for plant
performance and soil microbial communities

14:45 Charlotte White, ADAS (UK)
Faba beans for a changing climate

15:00 Refreshment break

Session IV Legume Genetics and Genomics |
Chairperson: Raul Huertas, The James Hutton Institute (UK)

15:30 Keynote Presentation
Petr Smykal, Palacky University Olomouc (The Czech Republic)
Legumes in the course of human history: focus on seed development

16:00 Donal O’Sullivan, University of Reading (UK)
Engineering the faba bean seed for the net zero transition

16:15 Jorge Alvarez-Jarreta, EMBL (UK)
Moving legumes to the new Ensembl: a fresh interface, more genomes,
updated datasets

16:30 Thomas Robertson-Shersby-Harvie, University of Reading (UK)
FABAPLUS: breeding high protein, added value, faba beans

16:45 Zhe Ji, University of Oxford (UK)
Wizard of Wax: following the genetic road to the emerald pea

17:00 Comfort Break

4|Page
www.UKLRC.org


https://protect.checkpoint.com/v2/r02/___https:/www.linkedin.com/in/roger-vickers-9569b03/___.YzJlOmR1bmRlZWNjOmM6b2ZmaWNlMzY1X2VtYWlsc19hdHRhY2htZW50OmE4Y2IzMTc4ODg2NDAxOGI4NGNhM2ViMjJlNjUwNjNjOjc6NTNlMToyYzU3MGM2NGI3NDZlNTczMzc3YzgxY2YxOGRjZGNiMGJkYmIzMDQwNjNmYWJkNGFkOTBlNDliNjg1OTYxNjg5OnA6VDpG
https://protect.checkpoint.com/v2/r02/___https:/www.linkedin.com/in/pietro-goglio-36602656/___.YzJlOmR1bmRlZWNjOmM6b2ZmaWNlMzY1X2VtYWlsc19hdHRhY2htZW50OmE4Y2IzMTc4ODg2NDAxOGI4NGNhM2ViMjJlNjUwNjNjOjc6ZDkzNTo0YmJhMThhZDZiNTZiNmYzN2EzZDVlZDdlOThjMjQxOWIxZDU4OWFmZWE2MTFlZTkzNDMyYzJlZDk2MDAzNjIwOnA6VDpG
https://protect.checkpoint.com/v2/r02/___https:/www.hutton.ac.uk/people/raul-huertas/___.YzJlOmR1bmRlZWNjOmM6b2ZmaWNlMzY1X2VtYWlsc19hdHRhY2htZW50OmE4Y2IzMTc4ODg2NDAxOGI4NGNhM2ViMjJlNjUwNjNjOjc6Mzg1ZTo4ZjJlNTRlZGEyYzNmZGVhMDJmYzg2ODhhZjdlMTFiMTg2ZWE3NzQ5NGEzNjk5OGI1NmRjZTFmNjdlYzFmYmYyOnA6VDpG
https://protect.checkpoint.com/v2/r02/___https:/www.linkedin.com/in/petr-smykal-56647331a/___.YzJlOmR1bmRlZWNjOmM6b2ZmaWNlMzY1X2VtYWlsc19hdHRhY2htZW50OmE4Y2IzMTc4ODg2NDAxOGI4NGNhM2ViMjJlNjUwNjNjOjc6YTI0NzplYTQzMjg1ZDRmOGQ4MmViMmYxZWRiMWNiZGU5OWE2M2I1Njc5NWMzODI3MzgzOTM4NDZiZWYzOGRlMjM2NmI1OnA6VDpG

UK

i oo The UK Legume Research Community

LRC

SessionV Poster Flash Talks
Chairperson: Chrizelle Krynauw, The James Hutton Institute (UK)

17:15 Flash Talk 1, Ellen D.v.L. Maas, Rothamsted Research (UK)
Climate-smart agronomy for smallholder famers in West Africa

17:20 Flash Talk 2, Temitope Oyedele, Aberystwyth University (UK)
Comparative metabolomic profiling reveals nutritionally relevant
differences between tuberous and non-tuberous African yam bean
(Sphenostylis stenocarpa) seeds

17:25 Flash Talk 3, David Boldrin, The James Hutton Institute (UK)
Gorse: weed or beneficial plant for agroecosystems?

17:30 Flash Talk 4, Hannah Fryer, University of Bristol (UK)
Integrating physiological and reproductive responses to heat and water
deficit in pea

17:35 Flash Talk 5, Ben Hague, ADAS (UK)
Common leguminous and non-leguminous crop sequences on UK farms

17:40 End of Day 1
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Programme - Day 2, Wednesday May 6"
08:55 Welcome / domestic announcements
Session VI Panel Discussion | - Genomic Tools to Accelerate Legume Breeding

Chairperson: Sanu Arora, John Innes Centre (UK)
Group Leader, Pea species for environmental resilience

Facilitator: Lars Ostergaard, University of Oxford (UK)

09:00 Introduction by the Session Chair

09:05 Sanu Arora, John Innes Centre (UK)
Integrating pangenome graphs and skim sequencing to accelerate pea
breeding

09:20 Hamid Khazaei, Natural Resources institute, LUKE (Finland)
Harnessing genomic and pangenomic resources to accelerate faba bean
breeding

09:35 James Brett, Earlham Institute (UK)

Advances in legume breeding strategies and the development of an open-
access data hub for the Legume Generation Project

09:50 Maria Skrabisova, Palacky University Olomouc (The Czech Republic)
Applied genomics: from allele mining to tailored decision making

10:05 Panel-Audience Discussion

10:30 Refreshment break
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Session VIl Panel Discussion Il - The role of legumes in the ‘Alternative Protein’ transition

Chairperson: Derek Stewart, The James Hutton Institute (UK)
Director, Advanced Plant Growth Centre (APGC)

11:00 Introduction by the Session Chair

11:05 Derek Stewart, The James Hutton Institute (UK)
The National Alternative Protein Innovation Centre

11:15 lan Barker, One CGIAR, Montpellier (FR)
Novel partnership models to link the UK science base with the CGIAR boost
legume research to the benefit of lower-income countries and the UK

11:30 David Lloyd, Head of Plant Breeding at Germinal Holdings Ltd (UK)
Forage legumes as an alternative protein: a potential solution to the UK
protein deficit

11:40 Pete lannetta, The James Hutton Institute (UK)
Legumes, hidden in plain sight: why ‘land plus people’ thinking must shape
UK food system resilience

11:50 Alastair Heinrich, National Farmers Union (UK)
Overcoming the barriers to delivering sustainable protein crops across the
UK supply chain

11:55 Panel-Audience Discussion FOCAL Q’s TBA/TBC
12:00 Workshop Element (in groups)

12:45 Rapporteur Wrap-up

13:00 Lunch
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Session VIIl  Field Trip, Centre for Sustainable Cropping (CSC) — The James Hutton Institute

Cathy Hawes, Manager, The James Hutton Institute (UK)

A truly experimental long-term commercial-scale platform comprising 6 fields (ca 49 ha in total),
and each field being subject to conventional- and integrated-treated field halves. The plant aims
to be regenerative, including the enhancement of soil qualities, biodiversity, and other agro-
ecosystem functions - including profitability. Achieving these objectives demands “innovation
stacking” (integrating) different types of the best-practices - including use of legumes, including
field beans, and clover-understories (to cereals). Here the CSC Manager, Dr Cathy Hawes, and -
Agronomist, Andrew Christie, and Field Team experts Jacqui Brandt and Nicola Dempster will

talk you through their understanding and experiences in maintaining the platform.

Enhancing farmland
biodiversity
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The inclusion of legumes in the form of field bean, clover understories (to main crops), and in cover- and
catch-crop mixtures are the foundation upon which the CSC’s regenerative farming practices are based.

~14:00 Depart for CSC Field Trip (after collecting packed lunches provided)
~14:30 Divide into groups for CSC ‘walk-and-talk’.
~16:00 Depart from CSC, stopping at the CIC (Invergowrie), and Dundee City Centre).
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Session IX Poster Session / Social Event - Discovery Point - Dundee Heritage Trust

17:30 Poster session (cheese & wine), RSS Discovery

Poster Presenters

P1. David Boldrin, The James Hutton Institute (UK)
Gorse: weed or beneficial plant for agroecosystems?
P2. Ellen D.v.L. Maas, Rothamsted Research (UK)
Climate-smart agronomy for smallholder farmers in West Africa
P3. Anissa Davel, Catholic University of Portugal (PT)
Introducing legumes into a Portuguese dairy forage system: ecosystem services and
practical constraints
P4. Megan Fisher, University of Oxford (UK)
Auxin inactivation and the role within Pisum sativum fruit development
P5. Hannah Fryer, University of Bristol (UK)
Integrating physiological and reproductive responses to heat and water deficit in pea
P6. Nele Gritzmann, University of Oxford (UK)
Dehiscence in pea: lighin and laccases
P7.Ben Hague, ADAS (UK)
Common leguminous and non-leguminous crop sequences on UK farms
P8. Sam Holden, University of Cranfield (UK)
Intercropping pulse-pulse: optimising protein yields and reducing fertiliser reliance with
pea-faba bean intercrops
P9. Kate Lilley, University of Nottingham (UK)
Future faba: quantifying the impacts of faba beans on soil processes for resilient agriculture
P10. Temitope Oyedele, Aberystwyth University (UK)
Comparative metabolomic profiling reveals nutritionally relevant differences between
tuberous and non-tuberous African yam bean (Sphenostylis stenocarpa) seeds
P11. Andrew Sault, University of Nottingham (UK)
Optimising cover crops for faba bean rotations: implications for the sustainable farming
incentive policy
P12. Miriam Schreiber, The James Hutton Institute (UK)
Variant discovery in a grasspea diversity collection
P13. Qurat UL Ain Ali Hira, University of Dundee (UK)
Legume living mulches: as a companion cover cropping system for spring barley production
P14. Robin Walker, Scotland’s Rural College (UK)
Pea-barley intercropping: impacts on yield and nitrous oxide emissions
P15. Anne Webb, NIAB (UK)
Resistance to Fusarium foot and root rot in an inbred panel of Vicia faba accessions

19:00-23:00 Conference Dinner, and Ceilidh with the Fiobha Ceilidh Band
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Programme - Day 3, Thursday May 7*

08:55

Session X
Chairperson:

09:00

09:30

10:00

10:15

10:30

Session Xl
Chairperson:

11:00

11:30

11:45

12:00

Welcome / domestic announcements

Legume Genetics and Genomics Il
Marta Maluk, The James Hutton Institute (UK)

Keynote Presentation |
Alexandre De Saint Germain, Associate Researcher, INRAE (FR)
An efficient gene editing protocol boosts functional gene analysis in pea

Keynote Presentation Il

Stefano Zanotto, Norwegian University of Life Sciences (NO)

Seed secondary metabolites in faba bean: genomic advances and breeding
perspectives

Janneke Balk, John Innes Centre (UK)
Lessons from legumes on the iron sensing-signalling mechanism in plants

Peter Emmrich, John Innes Centre (UK)
Genomic resources to unlock the potential of grasspea (Lathyrus sativus) for
UK and global agriculture

Refreshment break

Beneficial organisms and symbiosis

David Boldrin, The James Hutton Institute (UK)
Keynote Presentation |

Gail Preston, Linacre College, University of Oxford (UK)
The effect of domestication on the microbiota of common bean

Joél Klein, University of Oxford (UK)
Retention of nodulation genes in Adenanthera and Parkia indicates diverging
symbiotic fates in the tribe Mimoseae (Caesalpinioideae)

Chrizelle Krynauw, The James Hutton Institute (UK)
NUE-Leg: the search for elite rhizobial strains for novel forage legumes

Lunch
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Session XIl  Biotic and abiotic stress
Chairperson: Chrizelle Krynauw, The James Hutton Institute (UK)

13:00 Keynote Presentation
Maria Carlota Vaz Patto, Instituto de Tecnologia Quimica e Biolégica Anténio
Xavier, Universidade NOVA de Lisboa (Portugal)
Grass pea under pressure: unlocking stress-resilience genetics for climate-
smart legume improvement

13:30 Ashwini Kalyan, University of Nottingham (UK)
Uncovering the relevance of root plasticity under high temperature
environments

13:45 Shraddha Dahale, NIAB (UK)
Unravelling bean rust resistance in East Africa: pathogen diversity and NLR
immune networks in common bean

Session XIll  Final words

14:00 Lars Ostergaard, University of Oxford (UK),
UKLRC Steering Committee Chairperson

14:15 Meeting Close
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Eat more beans!
N:-fixing legumes are the heartbeat of
Regenerative Agriculture

Ken E. Giller', Euan James?

"Plant Production Systems, Wageningen University, The Netherlands
2The James Hutton Institute, Invergowrie, Dundee DD2 5DA, United Kingdom

Corresponding author: ken.giller@wur.nl

Regenerative Agriculture has taken centre stage in debates on the future of food systems.
But what is Regenerative Agriculture? The only truly regenerative biological processes in
agriculture are photosynthesis and N.-fixation — processes which are simultaneously
highly interdependent and highly incompatible. Photosynthesis provides the energy
required to drive symbiotic N-fixation in legumes. In turn, N.-fixation provides the
nitrogen to make RuBisCO and chlorophyll, both key for photosynthesis in the leaves. Yet
as carbon dioxide from the air is converted into glucose through photosynthesis, oxygen
is released as a byproduct. The enzyme nitrogenase, which is responsible for fixing N»
from the atmosphere, is irreversibly denatured in the presence of free oxygen. The
legume-rhizobium symbiosis has evolved exquisite mechanisms to protect nitrogenase
in root nodules, while supplying sufficient oxygen to allow bacterial respiration. An
oxygen-diffusion barrier surrounds the central zone of the nodule where the cells are
densely-packed with bacteroids, the modified rhizobia in which N,-fixation takes place.
Leghaemoglobin, the protein that gives nodules their characteristic red colour, rapidly
transports oxygen at low concentration to support aerobic respiration in the bacteroids.
There is strong evidence of sink-stimulation of photosynthesis by N,-fixation in legumes;
that is, the energy demand of N.-fixation in the nodules drives faster rates of
photosynthesis in the leaves. This further illustrates the interdependence of N.-fixation
and photosynthesis. In this talk, we will highlight the remarkable nature of the legume-
rhizobium symbiosis, providing examples from around the world that illustrate how
legume N,-fixation underpins a truly Regenerative Agriculture. In doing so, it will become
apparent why the holy grail of N.-fixation in cereals and other non-legumes will remain
elusive.
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Climate-smart nitrogen management: sensor-based insights
into legume-based crop rotations

Emily Guest’, Jack Hanam?, Toby Waine'

"Cranfield University, Bedford, United Kingdom
2Natural Resources Institute, University of Greenwich, Kent, United Kingdom

Corresponding author: emily.guest@cranfield.ac.uk

The ‘Nitrogen Climate Smart’ (NCS) project aims to increase legume cropping in UK
arable rotations from 5% to 20%, causing calculated reductions of 3.4 Mt CO,e annually
mainly through lower synthetic nitrogen (N) usage and replacement of soybean meal in
livestock rations. However, realising this potential requires improved understanding of
the quantity and temporal availability of biologically fixed N to following crops, so that N
benefits from legumes to soils can be maximised. This presentation reports initial
findings from a glasshouse experiment using large soil modules to study soil-plant-
atmosphere interactions in legume-based crop rotations in greater detail than possible
under field conditions, to compliment field trials. Bean crops increased soil N by 40 kg
N/ha in the upper 30 cm soil profile, indicating that fixed N contributions may exceed
those suggested in current nutrient management guidance. Although the greater rate of
available soil N did not lead into increased wheat yields, both grain and straw N
concentrations increased significantly, translating into greater total N offtakes and
supporting the case for the role of beans in improving chances of reaching protein
specification for milling quality. Below-ground imaging evidenced that a bean previous
crop also supported deeper and more prolific rooting of the following wheat, with ongoing
experiments exploring implications for drought resilience in the face of climate change.
Above-canopy imagery is also being evaluated alongside N isotope analysis to assess
whether plant physiological and canopy-level indicators (i.e., yield, biomass, NDVI) can
act as low-cost proxies for better estimation of biological N fixation, enabling more
precise fertiliser recommendations in crops following legumes, rather than the current
blanket minimal reductions. Collectively, this research provides evidence towards
actionable insights for optimising legume-based rotations to improve N management
and deliver meaningful GHG mitigation to reduce the impact of UK agriculture on the
climate.
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Closing the soil information gap: accessible nutrient
monitoring for sustainable production systems

Caroline Wahome', Ezekiel Njeru’, James Dixon?, Edwin Pickstone?, Aoife McGarrigle?,
Veerappan Mani* and Damion Corrigan*

"Department of Biochemistry Microbiology and Biotechnology, Kenyatta University, Nairobi,
Kenya
2Department of Civil and Environmental Engineering, University of Strathclyde, Glasgow, United
Kingdom
3Glasgow School of Art, Glasgow, United Kingdom
“‘Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow, United Kingdom

Corresponding author: wahomecaroline81@gmail.com

Accurate, affordable soil nutrient data remain a major barrier to low-input, sustainable
farming, particularly in legume-based systems where nutrient availability drives crop
performance. This research addresses the challenge by developing low-cost, field-
deployable soil hutrient sensors, designed through participatory approaches to meet the
needs of smallholder farmers and community growers. A survey in Kenyan smallholder
systems, where legumes are central to food security and soil fertility, identified user
requirements, contextual constraints and barriers to adoption, directly informing sensor
design. The proof-of-concept of low-cost electrochemical sensor development funded
by UKRI-EPSRC, developed through a collaborative partnership between the University of
Strathclyde, Glasgow School of Art, and Kenyatta University, uses locally available
materials and simple fabrication processes. By integrating technical development with
stakeholder engagement, this work demonstrates how accessible soil monitoring can
enhance productivity and nutrient management, providing insights applicable to both
Kenyan and underserved farming communities in the UK. The project contributes through
enabling development of tools and systems-level understanding to support sustainable
soil research and data-driven soil management practices.
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Exploring the effects of combined heat and drought stress on
the Pigeonpea root system

Aneesh Lale, Ashwini Kalyan, Rahul Bhosale
University of Nottingham, Nottingham, United Kingdom

Corresponding author: Rahul.bhosale@nottingham.ac.uk

Pigeonpea (Cajanus cajan) is avital legume crop supporting food security and soil fertility
across semi-arid regions. Its inherent resilience to environmental stress makes it a
promising candidate for climate-adaptive agriculture, particularly under increasing
drought and heat extremes. Here, we examined the physiological and structural
responses of pigeonpea to drought, heat, and their combined occurrence. Plants were
grown under controlled conditions and subjected to three treatments: drought, heat, and
drought+ heat. To capture shoot-level responses, we measured stomatal water
conductance, photosystem Il (PSll) efficiency, and leaf temperature, providing insight
into gas exchange, photosynthetic performance, and thermal regulation. Root system
responses were investigated using X-RAY CT, 2D root scanning, and anatomical analysis
to identify conserved and stress-specific adaptations. Drought stress led to moderate
reductions in stomatal conductance and PSII efficiency, alongside adaptive root traits
such as increased root depth and altered branching patterns, suggesting effective water
foraging strategies. In contrast, heat stress caused more pronounced declines in PSII
efficiency and elevated leaf temperatures, indicating impaired photosynthetic
machinery and reduced cooling capacity. Root structural responses to heat were less
adaptive, with limited compensatory changes observed. The combined drought + heat
treatment exerted the most severe effects, significantly constraining physiological
processes and vegetative growth. Notably, stomatal conductance and PSII efficiency
were drastically reduced, while leaf temperatures remained high, reflecting
compounded stress impacts. Root imaging and anatomical analyses showed restricted
development and reduced plasticity under combined stress, highlighting a breakdown of
adaptive mechanisms. Overall, our findings demonstrate that pigeonpea exhibits greater
tolerance to drought than to heat stress, with combined stress conditions posing a
critical limitation to plant performance. These insights contribute to our understanding
of stress resilience in pigeonpea and inform breeding strategies aimed at improving
tolerance to increasingly prevalent multi-stress environments.
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Grain Legumes under vertical farming:
integrating biology, production and nutritional quality

Marta Maluk™2, Ruixian Han'2, Simon Pont"?, Pietro lannetta'?, Derek Stewart'?,
Raul Huertas™?

'Advanced Plant Growth Centre (APGC), The James Hutton Institute, Dundee, United Kingdom
2National Alternative Protein Innovation Centre (NAPIC), United Kingdom

Corresponding author: raul.huertas@hutton.ac.uk

Grain legumes (pulses) are a cornerstone of healthy diets and sustainable agri-food systems,
providing high-quality plant-based protein, essential micronutrients, and health-promoting
metabolites. Predominantly grown in field systems, they also support ecosystem services.
Despite these benefits, legume cultivation and consumption in the UK remain low. Several
practical barriers remain across the food supply chain, from production to processing and
consumption, including agronomic constraints that hinder reliable year-round production of both
dry and fresh produce, as well as a continued reliance on imports for several legume types. As
part of the Advanced Plant Growth Centre (APGC) research activities and the National Alternative
Protein Innovation Centre (NAPIC) initiative to diversify and strengthen protein sources, vertical
farming (VF), traditionally used for leafy greens production, is being explored as a Total Controlled
Environment Agriculture (TCEA) platform within emerging AgTech systems. Its potential as both a
discovery tool and a complementary production system for grain legumes remains largely
unexplored. Therefore, VF here is used to investigate genotype-environment interactions under
precisely controlled conditions. Multiple legume varieties have been screened to identify traits
associated with suitability for indoor cultivation. A baseline seed-to-seed system was
established by optimising photoperiod, light spectra and nutrient regimes, enabling multiple
growth cycles per year. Comprehensive morpho-physiological and yield traits were evaluated
alongside energy-productivity metrics, while a detailed nutritional profile is currently being
established. Preliminary results highlight the importance of genotype selection to identify
genotypes that combine compact size, a short life cycle, and high seed yield under VF conditions.
Yield performance and preliminary nutritional composition vary among genotypes, indicating
opportunities for improvement. Ongoing nutritional and quality analyses will support a
comprehensive evaluation of nutrient density, dietary performance, and the overall health
benefits of these varieties. These findings position VF as a potential complementary platform to
field- and glasshouse systems, enabling mechanistic research in legume biology while
supporting translational approaches to improve the quality, consistency, and year-round
availability of fresh grain legumes, thereby increasing consumption and supporting more resilient
food systems.
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Opportunities and challenges of legume crops across Europe:
a system design approach

Pietro Goglio’

"Department of Agricultural, Food and Environmental Science, University of Perugia, Borgo XX
Giugno 74, 06121 Perugia, Italy

Corresponding author: pietro.goglio@unipg.it; pietro.goglio@gmail.com

Agriculture is responsible for several environmental impacts despite supporting an
increasing human population. It also provides several agroecosystem services such as
food/fuel/material provision, carbon sequestration, nutrient cycling, slowing biodiversity
loss. Legumes crops play an essential role by supplying nitrogen to the cropping systems
from the atmosphere through biological N fixation. Several other ecosystem benefits are
also provided by legumes such as nutrient cycling, carbon sequestration, pollination,
erosion control. Here in this work: i) opportunities for legumes and ii) key perceived
challenges are presented and discussed. The European market for protein grain crops
such as legumes is >50% dependent on imported grains (i.e. soybean) while a limited
agricultural area is cropped with legumes. For instance, only 3 % of the soybean meal
consumed within Europe comes from European agriculture. Different trends and
innovative approaches have been identified regarding local protein production across
Europe. For instance, in Southern Europe, climate seasonality, increasing pest pressure
and a significant reduction in available water resources are the main challenges for
legumes. In the Atlantic region, climate change can potentially cause a lengthening of
the growing seasons, beneficial for higher yields combined with more frequent summer
droughts. Using mixes faba bean and field pea can contribute to enhance protein crop
productivity and yield stability. Lupins are well suited for acidic soils. Of interest, for
further cultivation are all the fodder crops (e.g. clover, vetches and alfalfa). However,
stakeholders report introduction of legumes is hampered by price dynamics, yield
volatility and lack of local value chains. From an agronomic standpoint, key solutions
include the use of mixtures, temporary cropping, cover cropping and the development of
legume-based value chains. Further, legumes differently from other crops show a
particular allelopathy effects, therefore their introduction should be based on a cropping
system design focused on legumes characteristics to enhance protein production and
yield stability.
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Valuing the ecosystem services from legumes in arable
production

Alison Karley', Fanny Tran', Kenneth Loades’, David Boldrin’, Cathy Hawes", Carolyn
Mitchell', Jacqui Brandt’, Nicola Dempster’, Gill Banks' Thomas Wilkinson?, Nilar Win?2,
Pietro lannetta’?®

"The James Hutton Institute, Invergowrie, Dundee, United Kingdom
2RSK ADAS Ltd, ADAS Gleadthorpe, Meden Vale, Mansfield, United Kingdom
3CBQF, Centro de Biotecnologia e Quimica Fina, Escola Superior de Biotecnologia da
Universidade Catdlica Portuguesa, Porto, Portugal

Corresponding author: ali.karley@hutton.ac.uk

Legumes should be an important part of a healthy diet and healthy environment, but UK
levels of legume cropping and consumption are low. Previous research has identified the
practical barriers to legume cropping and consumption. New research seeks to
overcome some of these barriers by understanding the wider benefits of legumes, i.e.
how legumes can support ecosystem services in agri-food systems, and how value could
be assigned to these benefits. As a first step, we brought together representatives across
the supply chain, from farming, processing and consumption, to identify and prioritize
the ecosystem services and benefits provided by legumes. The highest scoring
ecosystem services were greenhouse gas mitigation, soil fertility and nutrient cycling, as
well as biodiversity support. Participants assessed the strengths, weaknesses,
opportunities, and threats from valorising these ecosystem services and identified the
external factors (social, technological, economic, environmental, political) likely to have
greatestimpact on ecosystem service valorisation. Based on stakeholder prioritization of
legume ecosystem services, on-farm trials were set up with farmers in central and
eastern Scotland to quantify ecosystem service provision. Trials included legumes as a
companion crop to cereals, legume-based cover crops sown before cereal crops, and
legumes as sole crops. Ecosystem services were measured during the season compared
with relevant control treatments, with a second year of measurements planned in 2026.
Using a standardized data collection approach, we will conduct a meta-analysis of
legume-associated effects on ecosystem service provision, as a basis for quantifying
their value. By working with farmers and stakeholders to co-create knowledge about the
ecosystem benefits of legumes, this research is supporting farmers with methods to
valorise legumes in arable production as a basis for understanding how legume growing
could be better supported through existing or novel schemes, interventions orincentives.
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Integrating legume ecosystem service monitoring into good
agricultural practice

Tom Wilkinson', Pete Berry', Ben Hague', Kate Smith', David Boldrin?, Pietro Goglio®,
Cathy Hawes?, Ali Karley?, Moritz Reckling?, Anne Schneider®, Francesca Todisco?,
Fanny Tran?, Pietro lannetta®®

TADAS Gleadthorpe/High Mowthorpe/Boxworth, United Kingdom
2 Dep. of Ecological Sciences, The James Hutton Institute, Dundee, United Kingdom
3 Dep. of Agricultural, Food, and Environmental Sciences, University of Perugia, Perugia, Italy
“Leibniz Centre for Agricultural Landscape Research (ZALF), Miincheberg, Germany
Terres Inovia, Thiverval-Grignon, France
SCBQF, Escola Superior de Biotecnologia da Universidade Catdlica Portuguesa, Porto, Portugal

Corresponding author: Thomas.Wilkinson@adas.co.uk

Integration of legumes may provide Ecosystem Service (ES) benefits to agricultural
systems, including reduced greenhouse gas emissions associated with synthetic
Nitrogen (N) fertiliser use-offset, and adaption via biological N fixation; increased crop
sequence N use efficiency; soil quality improvement; and reduced pest and disease
pressure. The uptake of legumes is still lower than desired agroecologically due to a
complex array of drivers and barriers to uptake. Moreover, there is a diverse array of how
legumes may be introduced into production systems and trade-offs between cropped
system types, and socioeconomic contexts of/for ES delivery. Measuring ES delivery
provides a way for farmers, advisors and agri-environment scheme regulators to monitor
success and optimise systems to deliver their priorities. Previous work highlights that
measures and tools should be low cost and rapidly interpreted to be taken up widely.
Therefore, characterising ES monitoring methods was informed by multi-actor
workshops and policy scanning, as part of the www.legumESproject.eu, and a “logical
sieve” of over 200 ES Indicator Methods (ESIMs) was carried out for a range of ES benefits
and legume-use cases. ESIMs generally fell into three categories; methods to describe
the management of the system (e.g., treatment frequency indices), methods to inform
appropriate decision making on farm (e.g., available soil N), and methods to describe
whether desired system state(s) are being achieved. Indicators of each type are required
to ensure systems are designed and managed to deliver their desired outcomes.
Considerations and progress on how these ESIMs can interact with current agricultural
guidelines are discussed.
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Legume-legume intercropping may represent a promising strategy to enhance
agroecosystem functioning and commercial performance by increasing phytochemical
diversity and shaping plant-soil-microbe interactions. However, the functional role of
secondary metabolites, particularly phenolics, in these systems, remains poorly
understood. This study investigates how intercropping legumes with contrasting phenolic
profiles affects plant phytochemistry and soil functioning, with a focus on microbial
communities. A field experiment was conducted in Invergowrie, Scotland (UK),
comparing mono- and inter-crops of pea (Pisum sativum L.) and field bean (Vicia faba L.)
using cultivars selected for high- and low-phenolic content. Plant phenolics and
antioxidant activity were quantified, and soils were analysed for microbial biomass
carbon, organic matter, and microbial community composition. Intercropping influenced
plant phytochemical profiles in both species, with genotype-dependent responses. The
high-phenolic pea genotype cv. Rose showed the strongest increase in phenolic content
and antioxidant activity under intercropping. Soil microbial biomass carbon was
consistently higher in intercropped systems, particularly for Maris Bead + Rose. At the
level of microbial community structure, while microbial alpha diversity was unaffected,
beta diversity analyses revealed compositional shifts under intercropping, including
increased abundance of potentially beneficial Bacillota and Verrucomicrobiota. ITS
analysis further indicated enrichment of Glomeromycota in intercropped soils with the
high-phenolic genotype (Rose), suggesting enhanced mycorrhizal involvement. These
results highlight phytochemical diversity as a functional driver of plant-soil interactions
inlegume intercrops and the potential of contrasting phenolic genotypes to support more
sustainable agroecosystems. Longer-term studies are needed to assess impacts onyield
and soil quality.
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There is evidence of the negative effects of a changing climate on crop performance, with
increased incidences of waterlogging, drought and high temperatures throughout Europe
and globally. Considering data collected from the Bean Yield Enhancement network
(Bean YEN) evidence will be shared outlining the impact of these abiotic stresses in UK
on field beans (Vicia faba L.). The Bean YEN is supported by industry sponsors, to
promote crop monitoring and sharing of data between farms, therefore learning about
keyyield-affecting factors with the aim of enhancing crop yields. Data has been collected
from famers crops harvested from 2019 to 2025. For each crop entered, data were
collected on agronomy, soil and weather, samples were analysed for height, nutrient
content, yield components, seed quality and accurate yields were recorded. Using this
data crop growth benchmarks have been developed, to enable farmers to track if their
crops are developing as expected. The data suggests that growers should favour an
ideotype with deep roots, tall multimoded stems and prolonged canopy survival. The
Bean YEN has awarded network farmers for high yield stability; case studies of recent
winning crops will be shared. Highlighting the key factors associated with achieving
stable, high yielding faba bean crops. This includes the key points of building resilient
farming systems, making appropriate cultural choices including variety choice and
continued monitoring appropriate in season responses. The bean YEN findings can serve
to direct research focus for breeders and academics, as well as providing a practical
applied benefits for growers and the industry in pursuit of high, stable yields to face the
challenge of a changing climate.
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focus on seed development
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The transition from foraging to agriculture represents a pivotal moment in human history,
fundamentally reshaping ecosystems, food production, and plant evolution. Central to
this process was the domestication of wild plants into crops through sustained human
selection. Domestication can be viewed as an accelerated and often convergent
evolutionary process, resulting in morphological, physiological, and genetic changes
that distinguish cultivated plants from their wild progenitors. Although legumes have
played a crucial role in human diets as major sources of protein since the earliest
agricultural societies, the biological basis of their domestication remains incompletely
understood. A hallmark of legume domestication is the modification of reproductive
traits that influence harvestability and crop establishment, notably the loss of natural
seed dispersal and seed dormancy. Legume seed dormancy is governed by the seed
coat, which acts as a physical and biochemical barrier protecting the embryo from
pathogens and environmental stresses. In wild legumes, seed coats are typically thicker,
less permeable to water, and richer in pigment compounds than those of cultivated
forms. These traits promote survival in natural ecosystems but hinder uniform
germination, a key requirement in agriculture. The timing of seed germination is a critical
determinant of plant fitness and agronomic performance, as it controls when seedlings
emerge and establish in specific environments. Plants have evolved diverse
mechanisms to regulate the transition from a quiescent seed to a germinating seedling,
reflecting local adaptation to climate and ecological conditions. During domestication,
these mechanisms were reshaped by human selection to favour rapid and synchronous
germination. We integrate comparative anatomy, metabolomics, genetic mapping, and
transcriptome profiling of wild progenitors and their corresponding crops to investigate
the genetic basis of seed coat modification. Using pea, lentil, and chickpea as model
systems, we aim to identify genes and pathways associated with the loss of seed
dormancy and pod dehiscence, linking evolutionary history with traits of direct relevance
to modern legume breeding and sustainable agriculture.
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The potential health and environmental benefits of producing and consuming greater
quantities of pulses whether for food as part of a pulse-rich diet or indirectly via animal
feed, where homegrown pulses can replace imported soybean meal, will be well known
to the UKLRC community. However, despite widespread recognition that both dietary and
land use change in favour of pulses are urgently required to meet pressing health and
environmental policy objectives, pulse growing areas have actually stagnated and pulse
consumption, though on a slowly rising trend, remains well below recommended intakes
for the vast majority of the population and has largely failed to drive up demand for
domestic production. The single pulse crop that could make the greatest difference in
rebalancing and realigning pulse production and consumption is the faba bean. It is
already produced at scale in the UK and could readily be scaled further. However, to be
actually consumed in meaningful amounts by a wider cross-section of the population,
diversified end uses that may require distinctive quality characteristics need to be
developed. | will discuss how we have tackled molecular genetic analysis of a series of
‘limiting’ traits that determine faba bean quality — chiefly vicine content, protein content
and quality, seed coat quality and resistance to the bruchid seed beetle —and how we see
this breeding pipeline delivering meaningful change in the real world.
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Ensemblis an open platform which integrates publicly available genomic data to support
exploration of gene annotations, genetic variation and comparative genomics. Increasing
numbers of genomes are available for agriculturally relevant species, with multiple high-
quality genomes now being generated in the case of certain crops. Furthermore, a
considerable volume of genetic variation data is now available to research and industry
communities alike. Providing ways to explore this genomic data is key to supporting
research and breeding efforts for agricultural species. As we approach the final release
e116/eg63 of Ensembl Plants (https://plants.ensembl.org) in late spring 2026, we are
getting ready for the platform migration to our new site, Ensembl Beta
(https://beta.ensembl.org) planned for summer 2026. The new platform brings together
all species across the tree of life, including more than 550 plant genomes, and additional
features previously available in Ensembl Rapid. The migration of all the genomes
currently available in Ensembl Plants has been completed, and we are actively working
on migrating all the additional functionalities. The result of these efforts is the increment
of the number of Fabaceae genomes from 13 in the current Ensembl Plants site to 38 in
Ensembl Beta. We are also expanding our variation support for the Legumes community,
with the incorporation of variations for Cajanus cajan (pigeon pea) and Glycine max
Williams 82 (soybean), in addition to the existing data for Phaseolus vulgaris GI19833
(common bean).
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In crop breeding, trade-offs between quality and quantity are so common as to be almost
ubiquitous: seed size trades off with seed number, yield with grain protein content (GPC),
and GPC with protein quality. Such trade-offs hinder genetic gain if optimization of a
combination of two or more negatively correlated traits is the breeding goal. The
statistical relationship between pairs of antagonistic traits almost never implies a true
zero sum game, however. Theoretically, therefore, trade-offs can be avoided by focusing
selection on independent or mutually beneficial components of trait (co-) variance. In
faba beans, valued primarily for their protein, a negative correlation between yield and
GPC is clearly evinced in varieties recommended for cultivation in the UK. In the last
decade, only two recommended UK spring bean varieties have exceeded 29% average
GPC in PGRO trials, while our calculations suggest average GPC far in excess of 30%
could be achieved, without loss of yield, using natural allelic variation presentin diverse
germplasm. In 2023, we resolved to test our theory and started the process of breeding,
from scratch, an elite yielding spring bean variety with markedly higher protein contents
than current commercial varieties; from the first cross, seeking to jointly optimize GPC
content and yield, whilst also making low vicine content (LVC) a priority. Applying a
genomic-prediction-enhanced, multivariate breeding strategy alongside high throughput
marker assisted selection, we have observed consistent genetic gain across
generations. Three years since the first crosses, we have tested tens of thousands of
unique lines and are generating new segregating material every season. Now, nearly
100% of our population is fixed or segregating for LVC. Our most advanced lines are
currently atthe preliminaryyield trial stage and are undergoing multi-site evaluations this
spring. We intend to submit our first varieties for VCU testing in 2027.
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Cuticular waxes are the major hydrophobic constituents of the plant cuticle, a critical
evolutionary innovation that underpins successful life on land. By forming a physical and
chemical barrier on aerial surfaces, the cuticle helps protect plants from water loss, heat,
and UV stress, while also supporting key developmental processes, including proper
organ separation and reproductive success. However, cuticular wax abundance presents
agronomic trade-offs. In crops, conspicuous glaucous “bloom” can be undesirable for
market appearance, and in some systems reduced wax coverage has been associated
with enhanced resistance to specific insect pests and fungal pathogens. A deeper
genetic and mechanistic understanding of wax depositionis therefore essentialto enable
informed and context-specific manipulation of this trait in legumes. Here, we describe
the identification and characterisation of a pea (Pisum sativum) mutant, emerald, which
exhibits markedly reduced surface wax accumulation. Genetic mapping revealed a
putative causal mutation in PsCER3a (ECERIFERUMS3a), a gene predicted to function in
the alkane-forming pathway of wax biosynthesis. Functional validation through virus-
induced gene silencing and CRISPR/Cas9-mediated mutagenesis confirmed PsCER3a
as a major determinant of cuticular wax production in pea. Intriguingly, loss of PSCER3a
also resulted in postgenital fusion of stylar trichomes, severely compromising fertility and
highlighting an intimate link between cuticle integrity and reproductive development in
pea. Finally, by revisiting legacy germplasm, we showed that a historic pea waxless
mutant first described in 1941 carries an independent mutation in PSCER3a, establishing
this locus as a recurrent and central regulator of wax deposition in pea. Collectively, this
work provides the first genetic dissection of a pea wax phenotype, defines PsCER3a as a
tractable molecular lever for modifying cuticular wax coverage, and lays foundations for
future legume research targeting surface traits with implications for stress resilience,
biotic interactions, and crop quality.
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The ‘Nitrogen Climate Smart’ (NCS) project aims to increase legume cropping in UK
arable rotations from 5% to 20%, causing calculated reductions of 3.4 Mt CO.e annually
mainly through lower synthetic nitrogen (N) usage and replacement of soybean meal in
livestock rations. However, realising this potential requires improved understanding of
the quantity and temporal availability of biologically fixed N to following crops, so that N
benefits from legumes to soils can be maximised. This presentation reports initial
findings from a glasshouse experiment using large soil modules to study soil-plant-
atmosphere interactions in legume-based crop rotations in greater detail than possible
under field conditions, to compliment field trials. Bean crops increased soil N by 40 kg
N/ha in the upper 30 cm soil profile, indicating that fixed N contributions may exceed
those suggested in current nutrient management guidance. Although the greater rate of
available soil N did not lead into increased wheat yields, both grain and straw N
concentrations increased significantly, translating into greater total N offtakes and
supporting the case for the role of beans in improving chances of reaching protein
specification for milling quality. Below-ground imaging evidenced that a bean previous
crop also supported deeper and more prolific rooting of the following wheat, with ongoing
experiments exploring implications for drought resilience in the face of climate change.
Above-canopy imagery is also being evaluated alongside N isotope analysis to assess
whether plant physiological and canopy-level indicators (i.e., yield, biomass, NDVI) can
act as low-cost proxies for better estimation of biological N fixation, enabling more
precise fertiliser recommendations in crops following legumes, rather than the current
blanket minimal reductions. Collectively, this research provides evidence towards
actionable insights for optimising legume-based rotations to improve N management
and deliver meaningful GHG mitigation to reduce the impact of UK agriculture on the
climate.
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Legume Technology Ltd has over twenty-five years of experience in developing and
supplying elite rhizobial inoculants for grain and forage legumes worldwide. Our work
focuses on high purity strains with reliable field performance and formulation
technologies that extend on-seed shelf life - essential for UK commercial growers and
smallholder farmers globally who lack cool storage. These advances support significant
yield gains - e.g., from peas and beans to soybeans and groundnuts - reinforcing the
central role of legume-symbionts as biological nitrogen engines for sustainable food
systems. Legumes remain the core of our research and commercial activity. Current
developments include complementary microbial technologies that enhance
establishment, root growth, nutrient capture and stress tolerance. Plant growth
promoting rhizobia and other beneficial microbes improve nodulation efficiency,
phosphorus mobilisation and resilience under drought or acidic soils - especially
strengthening legume performance where soil fertility and inoculant access are limiting.
Our pipeline is supported by major funders including the Gates Foundation, the Foreign
Commonwealth and Development Office, Innovate UK and the French Ministry of
Agriculture. A key programme develops affordable, high-performance inoculants for
smallholder farmersin sub-Saharan Africa, where crops such as cowpea, groundnut, and
soybean are vital for nutrition and soil fertility but often underperform. This includes
realising production of small volume ‘Micropack’ sachets suited to smallholder seed
quantities and challenging storage conditions. Alongside this ‘legumes first’ agenda, we
are exploring the scientific boundaries of non rhizobial biological nitrogen fixation for
non-legume crops. This exploratory work complements, rather than competes with, the
foundational role of legumes in nitrogen smart agriculture. The presentation will outline
advances in elite rhizobia, formulation science, plant growth promoting microbes and
smallholder focused delivery systems, and will consider what is achievable now and
what remains aspirational in next generation microbial nitrogen technologies.
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Smallholdings represent >80% of the world’s farms and are concentrated in the Global
South, supplying >50% of global food. Across sub-Saharan Africa, farmers are
contending with increasingly frequent episodes of extreme drought, flooding, pest and
disease infestations, and poor soil fertility. The Vision for Adapted Crops and Soils
(VACS) program has identified climate-resilient crops, many of them legumes, to support
food security and soil health. Our international collaboration investigates how VACS
crops (legumes and sesame) can be integrated into climate-smart agronomy to improve
the productivity, resilience and sustainability of smallholder farming systems in Ghana
and Nigeria. The project comprises on-station and on-farm trials to provide insights and
datainto legume-based cropping systems. Our group’s focus is to co-develop a Bayesian
Network (BN) modelling framework which uses process-based models (PBMs), in
combination with legacy and experimental data, and farmer input, to out scale the field
trials and evaluate the impacts of climate-smart agronomic interventions (practices x
crops x systems) with a focus on integrating legume crops into cropping systems. To
support this, the APSIM PBM is being configured with weather, soil, and field
management data from the region to simulate and validate the crops and rotations under
study. The Bayesian Network (BN) modelling framework will be parameterized with
output from APSIM simulations, experimental data and expert opinion, and validated
with data from our field trials. This work is ongoing.
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African yam bean (Sphenostylis stenocarpa) seeds
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African yam bean (Sphenostylis stenocarpa) is an underutilized legume that
produces edible seeds and, in some accessions, underground tubers. Despite its
nutritional potential, the differences underlying tuber production remain poorly
characterized. In this study, we performed comparative metabolomic profiling of
the seeds from 24 representative accessions, comprising 12 tuber-producing (AYBT)
and 12 non-tuberous (AYB) genotypes. Following normalization and quality control,
we conducted univariate and multivariate analyses, including volcano-plot
analysis, principal component analysis (PCA), partial least squares discriminant
analysis (PLS-DA),), and pathway enrichment analysis. Unsupervised PCA revealed
modest separation between AYBT and AYB groups (PERMANOVA: F = 2.78; R =
0.023; p=0.077). However, supervised PLS-DA improved discrimination, identifying
key metabolites contributing to group separation. Volcano plots, and Variable
importance in projection (VIP) scores, indicated increases in lipid contents in AYBT
(e.g. myristic acid) and others associated with bioenergetic generation (e.g. fumaric,
citric and malate acids). Pathway enrichment analysis revealed significant
perturbations in the citrate (TCA) cycle, glyoxylate and dicarboxylate metabolism,
alanine—-aspartate—glutamate metabolism, and glycine-serine-threonine
metabolism. These findings demonstrate that tuber formation in S. stenocarpa is
associated with selective reprogramming of energy, lipid and amino acid
metabolism that is reflected in the seeds. The identified metabolites provide
candidate biomarkers for breeding programs targeting dual-purpose (seed and
tuber) cultivars.
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The agricultural ecosystem faces the constant risk of soil degradation and unsustainable
use of synthetic nitrogen fertilisers. A paradigm shift, from outsourcing and high inputs to
‘ecological intensification’ is required. Transformation towards such an approach
requires changing the perception that all non-crop species within the farmed
environment are ‘weeds’ that require removal. In fact, their rapid establishment and
synanthropic adaptation make these ‘weeds’ unexplored resources, and good
candidates to provide ecosystem services in disturbed and degrading environments. An
excellent example of this would be ‘gorse’ (Ulex europaeus L.), a woody legume native to
Britain. Therefore, we decided to evaluate the potential ecosystem services provided by
gorse for soil resilience and crop performance, with soil samples collected at different
distances from established gorse bushes (from beneath the gorse to an adjacent
cultivated field). In the laboratory, soil samples were sieved and tested for aggregate
stability in water and recovery after compaction stress. Sampled soils were also used to
cultivate barley and spinach in a glasshouse and hence assess the effects of gorse
(mediated by soil) upon crop-performances. Soil aggregates collected from the centre of
gorse bushes showed the greatest stability; while soil collected from the cultivated field
was the most unstable. Soil resilience to compaction stress highlighted similar results.
After the application of 200 kPa compaction-stress, equivalent to the stress exerted by a
tractor tyre, soil collected from beneath gorse bushes showed greater elasticity and
recovery. In contrast, field soil showed poor resilience to compaction stress. Barley and
spinach plants growing in soil collected close to the gorse also had greater chlorophyll
content, indicative of improved nutrient (nitrogen) availability.
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Climate change is increasing the frequency and severity of unseasonable heat and
drought events, creating growing challenges for crop productivity. To safeguard yields, it
is therefore vital to understand how environmental stress impacts plant growth and
reproductive success. In pea, yield depends on the successful development of floral
reproductive organs that give rise to seeds. At this stage of development, cool season
spring crops such as pea are especially susceptible to changes in environmental
conditions, and even short periods of excess heat or water deficit can disrupt
development and reduce yield. In this study | investigate the physiological and
developmental responses of pea to heat, water deficit, and combined heat and water
stress during the reproductive phase under controlled growth conditions. To capture
stress impacts on photosynthetic performance, | quantified gas exchange using the LI-
6800 system, measuring net photosynthetic rate (Anet), stomatal conductance (gs), and
constructing A/Ci curves to assess carbon assimilation capacity. In parallel, | conducted
a detailed characterisation of plant architecture, reproductive development, and yield
related traits including branching, plant height, node number, flower and pod
production, pod size, and seeds per pod. By integrating these datasets, | aim to correlate
physiological responses with morphological and yield outcomes, providing a clearer
picture of the key processes that shape pea growth and development under
environmental stress. The next stage of this project will build on these insights to
investigate the molecular mechanisms underpinning yield loss in response to stress. |
will identify and functionally characterise candidate genes involved in stress response
and reproductive development using RNA-seq, RT-qPCR, and in situ hybridisation. By
integrating whole plant physiology with molecular approaches, this work will provide a
framework for linking reproductive development to yield under heat and drought stress.
Together these findings have the potential to inform breeding strategies for stress
resilient pea cultivars and predicting and mitigating effects of climate change on future
pea crop production.
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UK agriculture faces significant pressure to meet national Net Zero targets by 2050 and
protect food security for a growing domestic population. One approach to meet this
challenge is to increase the proportion of arable land used to grow pulse crops. This
change has the potential to decrease greenhouse gas emissions (GHG) by reducing
nitrogen fertiliser inputs and displacing emissions associated with imported soybean.
However, to model the impact of increasing the UK pulse cropping area, and identify
pathways to achieve this aim, policy makers and researchers must first understand
current arable crop sequences to identify which crop types would be displaced. Data
collected from 1124 different fields collected in the YEN networks between 2019 to 2023
describing the crop sequence for six consecutive growing seasons showed that 59% of
farmers grew oilseed rape and 26% grew a pulse crop. Almost half (46%) the 6-crop
sequences had more than one type of break crop and few common 6-crop sequences
were identified. Arable rotations were designed to maximise the proportion of first wheat
grown in a rotation as this is usually the most profitable crop. Most crop sequences
included the sequence winter/spring barley—>oilseed rape—>winter wheat, and pulse
crops were generally incorporated by lengthening the rotation to winter/spring
barley—>oilseed rape—>winter wheat->beans—>winter wheat. Overall, many different
crop sequences were identified, and this paper will explore the most likely changes in
crop sequence that will occur if farms increase the proportion of pulses grown.
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The rapid expansion of genomic resources in pea (Pisum sativum) is transforming both
research and breeding. High-quality reference genomes, dense genetic maps, and
emerging pangenome graphs now enable comprehensive characterisation of genetic
variation, overcoming challenges posed by the large and repetitive genome. These
advances have improved the identification of genes and quantitative trait loci (QTLSs)
controlling key agronomic traits, including yield, disease resistance, and abiotic stress
tolerance. Pangenome representations capture structural variants and population-
specific alleles missed by single-reference approaches, improving the resolution of
genomic analyses. In parallel, low-coverage sequencing (skim-seq) provides a cost-
effective strategy for genotyping large populations but requires robust methods to
address data sparsity. Here, we present a novel imputation framework that integrates
skim-seq data with pangenome graph representations, leveraging haplotype structure
from multiple reference genomes. By modelling read coverage, local haplotype context,
and recombination patterns, the method accurately infers missing variants even at ultra-
low coverage. Graph-based references improve variant recovery in complex regions,
increasing imputation accuracy and downstream analytical power. This approach
enhances genome-wide analyses and improves the efficiency of genomic selection in
pea breeding programmes, supporting faster and more informed selection decisions.

34|Page
www.UKLRC.org



U
/ W The UK Legume Research Community

LRC

Harnessing genomic and pangenomic resources to accelerate
faba bean breeding
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Faba bean (Vicia faba L.) is a globally adapted grain legume crop. With a yield potential of
up to 10 t/ha, average protein content of about 30% (seed dry matter) and the ability to fix
up to 200 kg of nitrogen per hectare, faba bean offers significant promise for sustainable
agriculture and the global protein transition. Despite these advantages, faba bean was
genomically underexplored compared with major legumes such as soybean until
recently. During the past few years, genomic resources for faba have shifted from
fragmentary datasets to true genome-scale. The release of the faba bean reference
genome in 2023, the development of a pan-genome, the availability of advanced
genotyping platforms, and progress in functional genome editing systems together mark
the beginning of the genomic-assisted breeding era in this crop. We have access to rich
faba bean genetic resources and mutation collections, and a number of advanced
mapping populations now have been developed globally. This represents a unique
opportunity to integrate recent genomic advances with expanding genetic resources to
accelerate the development of climate-resilient faba bean cultivars with improved seed
quality.
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Advances in legume breeding strategies and the development
of an open-access data hub for the Legume Generation
Project
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The integration of high-resolution genomic data into applied legume breeding pipelines
is imperative for accelerating the development of resilient, high-yielding legume
varieties. This presentation examines recent methodological and infrastructural
advances in genomic tools tailored specifically for UK legume breeding programmes. A
primary focus is the implementation and optimisation of Genomic Selection (GS).
Complementary to traditional Marker-Assisted Selection (MAS), GS leverages
comprehensive genome-wide sequence and phenotypic datasets to calculate genomic
estimated breeding values (GEBVs). This approach optimises the prediction and
selection of complex, polygenic traits that dictate yield, environmental resilience, and
nutritional profiles. The effective deployment of these advanced genomic strategies
requires robust bioinformatics infrastructures to manage, standardise, and interrogate
disparate multi-omics and field datasets. To this end, two critical digital resources are
evaluated for their utility in modernising legume breeding workflows:

Grassroots Genomics: A foundational data management framework designed to
standardise and process extensive field trial phenotypic data, currently utilised by the EU
Legume Generation project to streamline genotype-to-phenotype associations.

Legume Generation Database: A centralised, Breedbase-derived informatics platform
engineered to consolidate diverse genotypic and phenotypic records. This infrastructure
facilitates high-throughput marker discovery, quantitative genetic analyses, and the
operational deployment of genomic prediction models directly within breeding pipelines.
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Recent advances in genomic technologies have generated extensive publicly available
genotyping and phenotyping datasets across major legume crops. However, translating
these data into breeding-relevant knowledge remains challenging. In soybean, we
developed an applied genomics strategy leveraging large public datasets to improve
post-GWAS analyses, causal mutation prediction, and tailored breeding decisions. We
demonstrate transferability of this soybean-derived framework to other legumes using
common bean as an example. Our approach integrates independent genotyping and
phenotyping datasets into unified diversity panels capturing global genetic variation.
Aggregating data across studies, environments, and breeding programs increases
statistical power and improves prioritization of candidate genes and causal variants. This
enables evaluation of trait-associated loci within a global diversity context and allows
breeders to compare locally adapted germplasm with worldwide allelic diversity. To
support knowledge transfer and breeder adoption, we provide a user-friendly online
analytical platform, SoyHub (https://soykb.org/SoyHub.php), with a suite of tools for
exploring genomic variation. We demonstrate how applied genomics helps interpret trait-
associated variation to accelerate genetic gain and improve trait-targeted breeding
strategies of common bean and other crops. This work was supported by the Legume
Generation project funded by the EU’s Horizon Europe research and innovation program
(grant agreement No. 101081329). The research was supported by the United Soybean
Board (USB) projects: “Applied Genomics to Improve Soybean Seed Protein”; #1920-152-
0131-C; “Enhancing Soybean Applied Genomics Tools for Improving Soybean”; #2220-
152-0202; “Leveraging Genomics to Enhance the US Soybean Quality Reputation”;
#2332-201-0101).
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To secure a continued supply of safe, tasty, affordable and functional/healthy proteins
while supporting Net Zero goals and future-proofing UK food security, a phased-transition
towards low-emission alternative proteins (APs) with a reduced reliance on animal
agriculture is imperative. However, population-level access to, and acceptance of, APs is
hindered by a highly complex marketplace challenged by taste, cost, health and safety
concerns for consumers, and the fear of diminished livelihoods by farmers. Furthermore,
complex regulatory pathways and limited access to affordable and accessible scale-up
infrastructure impose challenges for industry and SMEs in particular. Synergistic bridging
of the UK’s trailblazing science and innovation strengths in AP with manufacturing power
is key to realising the UK’s ambitious growth potential in AP of £6.8B annually and could
create 25,000 jobs across multiple sectors. The National Alternative Protein Innovation
Centre (NAPIC), a cohesive pan-UK centre funded by BBSRC, Innovate and industry, aims
to revolutionise the UK’s agri-food sector by harnessing our world-leading science base.
The co-created NAPIC AP strategy, across the Discovery>Innovation>Commercialisation
pipeline, aims to support the transition to a sustainable, high-growth, blended-protein
bioeconomy using a consumer-driven approach, thereby changing the economics for
farmers and other stakeholders throughout the supply chain.
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Novel partnership models to link the UK science base with the
CGIAR boost legume research to the benefit of lower-income
countries and the UK.
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Launched officially in November 2023, the UK-CGIAR Centre aims to support global food
security and address climate change by bringing together scientists from the UK and the
CGIAR to form impact-focused research collaborations. CGIAR investments have
reduced global poverty and food insecurity but have also delivered substantial economic
benefits for the UK. For example, approximately 65 percent of wheat grown in the UK can
be traced back to breeding material provided by CIMMYT and UK farmers have been able
to produce an additional 793,600 tons of wheat per year. This has generated over GPB 9
billion in increased profitability since 1971. An additional GBP 2.6 billion in UK exports
each year and increased availability and affordability of healthy foods for UK consumers
(source Hillet al 2025) can also be traced to these investments. A number of projects that
currently make up the portfolio of the UK CGIAR Centre include research on legumes
including work on Bambara groundnut, pigeon pea, soybean, cowpea and groundnut. The
portfolio includes work on breeding legumes for climate resilience, better productivity
and nutrition and soil health. Work on legume crop residues for animal feed seeks to
identify specific genotypes that lower methanotrophic emissions as a contribution to
climate change mitigation. Opportunities exist to further leverage other UK legume
research to benefit utilization of legumes, both in the UK and in the Global South. A
number of legumes (including chickpea), both bred-by and represented in CGIAR Centre
genebanks, offer alternative crops which could be of value to UK growers under projected
future-climate scenarios.
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to the UK protein deficit
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UK imports of soy protein have remained remarkably stable over the past quarter of a
century. Efforts to encourage self-sufficiency through the increase of protein crop
production in the UK have yielded only modest results despite the promise of
environmental and food security benefits. Increasing the area of arable land under
legume production has the potential to dramatically reduce rates of mineral nitrogen
fertilizer, while simultaneously reducing supply chain vulnerabilities. However, multiple
challenges stand in the way of greater adoption of legumes. Some of these difficulties
could be addressed through diversification, for instance, into forage legumes. These are
inherently more accessible to non-specialist farmers and have a greater capacity for
nitrogen fixation than pulse crops. Moreover, they can produce as much as twice the
protein yield of the best pulses with a protein quality that is close to “ideal” by FAO
definitions. Currently, in its unprocessed state, forage legume protein can only be
utilized by ruminant livestock. But an opportunity exists to extend this availability to
monogastric livestock and human consumption through the use of biorefining. The
realization of this ambition would involve the resolution of a number of significant
obstacles, both in terms of investment in infrastructure, and through the need to
convince a resistant market to accept a novel source of protein.
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Across the expanding landscape of alternative proteins, including insects, algae, fungi,
microbial biomass, precision fermentation proteins and cultivated animal products,
Europe faces a striking paradox: even legumes are still treated as alternative. Yet across
Europe legumes remain underutilised strategic assets - hidden in plain sight, despite
their ability to address the climate, biodiversity and nutrition nexus. A recent DEFRA
assessment, drawing on UK intelligence agencies, identifies UK food import dependency
as a national security risk. If the UK is serious about food and protein autonomy, its
knowledge economy should reflect this. Legumes offer a multifunctional and low risk
route to crop diversification, delivering feed and food security, reducing synthetic
nitrogen fertiliser use, and linked environmental burdens. Yet the UK and Europe still rely
on imported protein crops, forfeiting environmental benefits and exposing supply chains
to geopolitical and market volatility. COVID-19 created only a demand shock; a future
supply shock would be far more disruptive. Many novel protein sources, while
scientifically compelling, also face consumer resistance to mainstream adoption.
Interdisciplinary and cross sector innovation, spanning agronomy, ecology, crop
processing technologies, plus the data and social sciences, can clarify how locally
rooted legume-based systems create value across multiple scales - from farm
profitability and regional supply chains to greater levels of national protein and nutritional
self-sufficiency. However, this will not happen without a fairer, more diverse and
genuinely multidisciplinary research ecosystem, one that better links legume-based
production with land use modelling, natural capital accounting, and socio-economic
transition pathways. Such research integration must build a more trustworthy ‘land plus
people’ focused knowledge economy as the basis for effective change. Without this shift
political interest in legumes risks remaining only rhetoric.
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Overcoming the barriers to delivering sustainable protein
crops across the UK supply chain
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Between 2024 and 2025 Nitrogen based fertiliser prices increased by £50/t on average, a
14% price increase. Since the start of the conflict in Iran in January 2026, the cost of
Ammonium Nitrate has increased exponentially by an estimated 30 - 50% and is
expected to continue to rise. This level of volatility creates significant concerns for the
sector as the continued upward pressure on inputs impacts on farm profitability,
resilience and sustainability. Both the NFU Sustainable Protein Action Plan and the

Nitrogen Climate-Smart Project highlight the same core point, pulses are one of the most
effective tools farmers have to cut manufactured nitrogen use without sacrificing yields
in following milling wheat crops. As set out within the Farm Profitability Review, there is

an opportunity to deliver a range of benefits through the incorporation in SFI of protein
crops. This will deliver multiple public goods, building resilience by incentivising nutrient
use efficiency optimisation, however there are major blockers to uptake. How do we
ensure that produce has a home and a value within the supply chain? and how do we
ensure that growers feel empowered to bring pulses back into their rotations with
confidence? The NFU is working with industry through our national Sustainable Protein

Action Plan aimed at de-risking and incentivising the uptake of protein crops within arable
rotations. We would welcome insights, support and engagement from the supply chain
to aid in working together to delivering for the supply chain and the pulse sector.
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The EU depends on limited cereal crop variety and imported soymeal to meet feed
requirements. Locally produced roughage accounts for only 21% of the EU feed protein
supply, while home-grown pulses account for just 2%. There is a need to diversify forage
systems and an opportunity to do so with legume-cereal intercrops, which are minimally
adopted in Europe. One way to assess legume benefits is to measure Ecosystem Service
(ES) provision. However, to maximise the potential for long-term ES provision, it is
necessary not only to conduct trials but also work with farmers to facilitate sustained
legume adoption tailored to activities, capacities, and needs. This study collaborated
with a Northern Portugal dairy farm to investigate differences in various ES’s, spanning
yield, protein content, silage quality, and soil quality from either a conventional cereal-
only crop mixture (triticale, ryegrass, and barley) or a legume-based mix of field bean,
white lupin, and triticale (and monoculture reference crops). Beyond agronomic
assessment, the study aims to understand the challenges of legume introduction in a
commercial dairy-farm context. A core activity involved adapting to farm needs, noting
obstacles, and targeting contextually relevant interventions likely to be maintained post-
trial. Results showed that monoculture white lupin outperformed all treatments,
including the reference crop, for yield and successfully suppressed weeds without
herbicide application. Conversely, faba bean performed poorly in the acidic soils. While
yield and weed suppression indicate the feasibility of white lupin as a forage crop,
harvesting and baling without chopping resulted in poor ensiling due to limited
fermentation and significant fungal contamination. Consequently, the farmers were not
willing to replicate white lupin at a larger scale. The trial has since pivoted to investigating
two commercial clover and vetch-based forage mixtures. This study reinforces specific
limitations of transitioning to legume-based cultivation practices and explores how an
academia-farmer applied research partnership may better facilitate long-term behaviour
change.
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Auxin, indole-3-acetic acid, is a key growth hormone throughout the plant kingdom. It has
been well documented that auxin has a wide range of roles, from shoot growth to fruit
patterning and development. Within the Leguminosae, a clade of closely related genera
recently evolved production of a chlorinated auxin, 4-chloro-indole-3-acetic acid (4-Cl-
IAA). This molecule is a particularly potent auxin variant, but the specific mechanisms of
action are still unknown. This project is investigating the inactivation pathway of auxin in
pea (Pisum sativum L). The main inactivation pathway for auxin inactivation in plants is
via GRETCHEN-HAGEN (GH3) enzymes which reversibly inactivate auxin through
conjugation with amino acids before further oxidative inactivation steps. We initially
found that three GH3 genes were upregulated under 4-Cl-IAA application to pea
pericarps. To further investigate their potential roles in pea pericarp formation, the three
GH3 genes of interest were knocked down via Virus Induced Gene Silencing (VIGS). Our
phenotypic analyses highlighted the connection between auxin dynamics and additional
mechanisms such as lignin deposition and potentially ethylene signalling. Microscopy
was undertaken to assess if the level of lignin deposition in the GH3 knockdown plants
correlated with the observed phenotype. These associated mechanisms have been
previously described within the literature for other species and organs, such as for
hypocotyls in Soybean.
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Looking into the future, food security is facing many challenges. Between climate
change, a growing world population, and the depletion of soils, our ability to produce
nutrient dense, high yielding crops is going to be vital. Within that, legumes are an
important factor; for their nutritional value, storage ability, and nitrogen fixing. One
challenge that legumes do face is dehiscence, where heavy rain, hail, or even wind and
heat can cause the bursting of the pod along the sutures causing the explosive spread of
seeds. This shattering of the pod is a major source of crop loss, causing up to 80% yield
loss in soy under harsh conditions, resulting in problems in the supply chain and
impacting the livelihoods of farmers. Pigeon pea, predominantly farmed in sub-Saharan
Africa, are also affected. In areas already prone to draughts and famine, where the
additionalyield loss can put lives at risk. We are investigating the developmental causes
of dehiscence, using pea as a model species. Since pea has already been fully
domesticated, both commercial shatter-free lines and dehiscence prone wild type
ancestors are available. Comparing these allows insights into the driving factors for this
change with the aim to apply the knowledge for reducing shattering in other legume
crops. Lignin formation is an essential component of dehiscence, since the pull of the
drying and shrinking pod against the hard lignified tissue creates the tension which
eventually causes the rupture of the sutures. To improve our understanding of
lignification in pea pods we have grown different lines and collected materials for atime
series of microscopy images, comparing the morphology and lignification patterns
between different lines and growth stages. Laccases comprise a large family of lignin-
producing enzymes, some of which are involved in the regulation of shattering with the
increased lignin content linked to increased dehiscence. The role of laccases is poorly
studied within pea, and we first set about identifying them within the genome through a
computational approach and literature search. Subsequently, we assessed the
expression pattern of laccase-encoding genes during pod development by a
combination of RNA-Seq and quantitative PCR (qPCR). The poster will reveal the latest
results from the study of particularly promising candidate laccase genes in regulating
pod dehiscence.
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Growing instability in global food and fertiliser systems has intensified the need for resilient,
regionally grounded protein production. Grain legumes offer a pathway to reduce dependence
on imported protein and synthetic nitrogen (N) fertilisers, yet they remain underutilised within UK
systems, and protein yields sub-optimal. This study investigates pulse-pulse intercropping,
specifically pea and faba bean (Pisum sativum L. and Vicia faba L., respectively), as a strategy to
enhance protein production while maintaining or improving biological nitrogen fixation (BNF) per
unit land area compared to mono-cropped equivalents. Field experiments, including plot-scale
crop-sequence trials, and crop-stand density and variety focused studies, were established to
examine protein yields - as whole crop, and grains - plus soil-N dynamics. BNF was quantified
using the N'® natural abundance technique, complemented by measurements of grain N offtake,
and post-harvest soil N dynamics. Preliminary results indicate that pulse-pulse protein yield
outcomes are strongly mediated by varietal compatibility, phenological alignment, and crop
stand density. In some configurations, intercrops achieved protein yield advantages relative to
their monocrops. N partitioning patterns differed between species, with faba bean showing
greater N removal in harvested grain, while pea residues appeared to mineralise more rapidly
over winter. Intercropping moderated these contrasts, suggesting nitrogen released from
mineralising residues was less rapid - than pea alone. Newly identified varieties and density
combinations require further validation through repeat trials which are proceeding in 2026.
Ongoing work will also assess how different residue mixes influence mineralisation processes
and nitrogen availability to subsequent crops. These findings will contribute to life cycle
assessment frameworks evaluating the potential of pulse-pulse intercropped based crop
systems to reduce fertiliser inputs and reliance on imported protein sources. Overall, pulse—
pulse intercroppingis presented as aviable mechanism forimproving nitrogen use efficiency and
supporting sustainable intensification of protein production in the UK, and beyond.
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Crops grown following faba beans often show increased yields, yet this legacy effect
cannot be explained by increased residual soil nitrogen alone. Identifying the full suite of
mechanisms responsible for this effect has clear implications for reducing synthetic
fertiliser dependency, particularly given that pulse crops occupy less than 4% of UK
arable land. This project tests the hypothesis that faba bean legacy effects arise from
interacting biological, chemical and structural changes to soil. A multi-method approach
will be used to isolate these drivers. Soil microbial community structure and function will
be assessed through phospholipid biomarker analysis and enzyme assays, alongside
measurements of soil nitrogen fractions to distinguish nitrogen-mediated from non-
nitrogen effects. X-Ray Computed Tomography will be used to quantify variation in root
system architecture across faba bean varieties and determine how these traits modify
soil pore connectivity and structure. Greenhouse gas flux measurements will provide an
assessment of the broader environmental sustainability of incorporating faba beans in a
rotation. Yield and nitrogen allocation data from faba beans and a subsequent crop will
be used to partition the legacy effect into its structural, biological, and chemical
components, allowing their relative contributions to be quantified. A controlled
polytunnel experiment is underway to assess how drought stress, an increasingly
prevalent consequence of climate change, modulates these processes. Faba beans are
exposed to two levels of water deficit to determine whether the benefit to subsequent
crops is reduced following drought, and whether a threshold exists beyond which the
benefit is lost. This work will deliver a broader mechanistic understanding of faba bean
legacy effects and provide a quantitative basis for optimising rotations under current and
future climate conditions. It will also identify key root traits that can be targeted in
breeding programmes to enhance system resilience and reduce fertiliser inputs.
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An increased focus on sustainable agriculture has resulted in the adoption of various
policies by governments worldwide, with the aim of promoting farming practices that
boost biodiversity and reduce chemical inputs. In the UK, the newly introduced
Sustainable Farming Incentive (SFI) has a similar aim, however the emphasis of growing
more legumes in rotations has the potential to increase the prevalence of soil borne
disease in subsequent grain legume crops. Currently there is little research on how using
cover crop mixes containing legumes influence the pest and disease dynamics in
subsequently grown faba beans. Using a holistic approach, this project will characterise
changes in weed suppression, soil structure and soil microbial community resulting from
different cover crop species. This approach will be maintained in the second phase of the
experiment where a crop of spring faba beans will be grown alongside a companion of
borage (Borago officinalis). In addition to the previous measurements, disease and pest
scoring will be conducted as well as final yield and protein content of the beans. We
hypothesize residues from legume cover crops can harbour soil borne diseases (Botrytis
fabae and Fusarium spp.), providing a green bridge of disease transfer in contrast to non-
legume cover crops. We also hypothesize greater weed suppression induced by the
different cover crops will result in a decrease in soil borne disease through a reduction in
potential host plants. Here we share preliminary results of the effectiveness of weed
suppression from different cover crops, X-Ray Computed Tomography data of soil cores
taken from the treatment plots and changes to soil nutrients between sampling points.
This research will inform growers of best practices used in the adoption of SFI and
elucidate to the mechanisms in which cover crops can increase or decrease soil borne
disease in faba beans.
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The rapid expansion of genomic data resources for major crops is opening new options
for crop improvement, while resources for most underutilised crops lag behind, risking a
widening gap in crop improvement. One of these underutilised crops is grasspea
(Lathyrus sativus), an ancient crop with modern cultivation centred on South Asia and
Ethiopia. We conducted whole genome shotgun sequencing on a global collection of 335
grasspea genotypes, producing over 152 billion reads. Following variant discovery and
filtering we created a single nucleotide polymorphism (SNP) marker set of over 1.5
million SNPs. This is a resource of major significance for this crop which can help unlock
its breeding potential through marker development and the identification of genes
controlling agronomically important traits. A grasspea Germinate database has been set
up to make both genotypic data and phenotypic data available and facilitate the use of
the resource for the community for example in genome wide association analysis. The
phenotypic datasets contain agronomically important traits which have been screened
in consecutive years and across different locations.
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Conventional agricultural systems that are reliant on continuous monocropping and high
synthetic fertilizer inputs have contributed to soil degradation, nutrient imbalances, and
reduced resilience to environmental stressors, ultimately limiting crop productivity and
stability. In line with UK and Scottish NetZero strategies that prioritise sustainable land
management, legume-based companion cropping or living mulch (LM) systems are
increasingly explored as alternatives to enhance ecological resilience while maintaining
yield. Living mulches may provide multiple ecosystem services, including biological
nitrogen inputs, weed suppression through continuous ground cover, and improved
nutrient cycling. A multi-year field experiment was established in Dundee, Scotland, to
evaluate LM systems in a temperate northern climate. During the first year, spring barley
cultivars (Laureate and Diablo) were grown as monocrops or under-sown with white
clover or mixed-legume mulches under three fertilizer regimes (NPK,, NPKg,, NPK; o).
Biomass composition, grain yield, seed nitrogen concentration, and thousand grain
weight (TGW) were assessed. Weed biomass increased strongly with increasing fertilizer
input, with several-fold higher biomass at NPK,,, compared to NPK,. Low fertilizer rates
favoured legume biomass, whereas increasing fertilizer reduced legume contribution
and promoted weed dominance in both clover and mixed systems. Grain yield increased
significantly with fertilizer application (p < 0.05), with NPK,, and NPK,,, producing higher
yields than NPK, across all systems. Seed nitrogen concentration also increased
significantly with fertilizer rate, particularly at NPK,,,. In contrast, TGW declined with
increasing fertilizer for Diablo, while remaining relatively stable for Laureate. Overall,
responses to nitrogen were stronger than cropping system effects, highlighting fertilizer
rate as the primary driver of productivity and quality during the first experimental year.
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Intercropping peas and barley have been shown to increase land equivalent ratio (LER).
As peas can biologically fix their own nitrogen requirement, intercropping peas and barley
have the potential to reduce nitrous oxide (N.O) emissions. As part of a European project,
pea-barley intercrops were grown in Aberdeenshire in 2024 and 2025. Trials included 2
sole barley treatments, receiving either the standard N fertilizer application for that site
or no N fertilizer, and a sole pea crop, receiving no N fertilizer. The intercrops of barley
pea consisted of a 50:50 mixture of each crop, which received N equivalent to 50% of that
applied to the barley or no N fertilizer. From each plot, hand-harvested yields were
sampled from an area of 1m2. The LERs and partial LERs (pLERs) have been calculated
for the intercropping at 50% of the N applied to the barley relative to the sole crop barley
receiving 100%. Thus, the same amount of synthetic fertilizer is available to each barley
plant. Static chambers were used to measure N,O emissions during the growing season.
Intensive N,O measurements were made for the first 10 days following N fertilizer
application. Fluxes were then measured twice weekly for the next 4 weeks, and then
weekly. The trapezoidal rule was used to estimate cumulative emissions. Topsoil
temperature and moisture were also measured during the growing season. The pLER in
2024 were 0.76 and 0.32 for the barley and pea, respectively. The pLERs in 2025, were
0.69 and 0.21. Thus, the LER was greater than 1 in 2024, but lower in 2025. Preliminary
results for the N.O emissions indicate these were similar for the barley receiving 100% N,
sole pea crop, and the intercrop receiving 50% N. There is an indication that the
emissions from the intercrop receiving no N were lower. In conclusion, the relative
performance of the pea-barley intercrop was affected by the weather conditions, and the
pLERs for pea were higher when the yields of the sole crop pea were low. The results from
the trials suggest that N,O emissions can arise from biologically fixed N.
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Fusarium foot and root rot is a devastating disease in faba bean crops in the UK and
worldwide that commonly occurs during periods of hot and dry weather. Black lesions
can appear either at the stem base, eventually girdling the stem (foot rot) or within the
root system, with affected roots turning black. Above-ground symptoms include patches
of sparse seedling emergence, chlorosis, stunting, wilting, and eventually death. Several
Fusarium species have been found to be responsible, with F. avenaceum and F.
oxysporum amongst the most virulent. No preventative or curative treatments are
currently available to mitigate the effects of the disease and therefore breeding for
improved resistance is essential. A genotyped panel of >250 inbred, genetically diverse
accessions of faba bean was previously established as part of the BBSRC Enhanced
Analytical and Genetic Tools for Improving UK Food Legumes project (EAGLE;
BB/W019221/1). The EAGLE faba bean panel was subsequently screened under
glasshouse conditions for resistance to individual Fusarium spp. as part of the Defra-
funded Pulse Crop Genetic Improvement Network. The aim of the investigation was to
identify resistant accessions and provide phenotypic data for conducting a genome wide
association study to identify genetic variants linked with improved foot and root rot
resistance. Among 254 accessions a wide range of responses was observed against F.
avenaceum and F. oxysporum, with several accessions showing high-level resistance
against one or both Fusarium spp. Correlation between the severity of foot and root rot
symptoms was found to be low, indicating independent sources of tissue-specific
resistance in the panel. However, some accessions were observed to exhibit resistance
to both foot and root rot symptoms. Results from the investigation will provide novel
sources of foot and root rot resistance for supporting the development of improved faba
bean varieties and linked SNP-markers for tracking sources of resistance in plant
breeding programmes. Future efforts will involve creating Nested Association Mapping
populations to aid the characterisation of resistance genes, and crossing the resistant
accessions with elite varieties to support pre-breeding and gene-pyramiding.
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Pea (Pisum sativum) is one of the most important grain legumes worldwide, essential
both for food and feed and valued for its high protein content. It is also an historical
model in plant biology, used by Gregor Mendel to study trait heritability and establish
foundational genetic principles, and more recently in the discovery of strigolactones as
a novel class of plant hormones. However, pea has long been considered recalcitrant to
transgenesis, thus limiting the opportunities for mutant creation and functional
genomics studies using gene editing. Here, we present a robust and effective protocol
for pea Agrobacterium-mediated transgenesis and genome editing, able to overcome
several challenges such as in vitro root generation, low editing efficiency, difficulties in
mutant identification, and limited allele diversity. These challenges were addressed
using respectively grafting, an optimized Cas9 expression cassette, fluorescence
detection and backcrossing (Soulard et al., 2025). The developed protocol allows to
obtain homozygous edited seeds free of T-DNA within 5 months. Off-target analyses
confirm the high specificity of the editing system, showing the protocol’s reliability and
potential for advancing functional studies in pea. Using this protocol, we plan to obtain
mutants in the strigolactone biosynthesis pathway in pea. Strigolactones are both
allelochemicals that mediate rhizospheric interactions and hormones that inhibit shoot
branching. In pea, the specific strigolactone responsible for branching inhibition remains
elusive. The creation of mutants for strigolactone diversity (PsMAX1), previously
unavailable, will open the door to a better understanding of the origins and functions of
different strigolactones in pea, and to identify potential applications linked to the diverse
traits associated with these metabolites.
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Faba bean (Vicia faba L.) is a key grain legume for sustainable cropping systems and
plant-based protein supply. However, seed quality is constrained by secondary
metabolites such as vicine and convicine (v-c) and condensed tannins, which negatively
affect nutritional value and limit its use in food and feed. Recent advances in genomics
have significantly accelerated the dissection of the genetic architecture underlying these
traits, enabling the development of robust molecular markers for breeding. This
contribution synthesizes recent progress in identifying the genetic determinants of v/c
and tannin content, with particular emphasis on marker development and validation. The
identification of major loci controlling v-c content, including the vc- locus, and the
elucidation of candidate genes involved in pyrimidine-derived metabolite biosynthesis
have enabled marker-assisted selection strategies. Similarly, the genetic control of
tannin content through the zero-tannin phenotype has been linked to distinct loci
affecting flavonoid biosynthesis, which allowed the identification of diagnostic markers
of potential use in breeding pipelines. From a breeding perspective, reducing these anti-
nutritional factors represents a major step toward improving seed quality. However,
secondary metabolites also play a role in plant defence mechanisms, raising potential
trade-offs between nutritional quality and resilience to biotic stresses. This highlights the
need for targeted breeding strategies that integrate genomic tools with phenotypic
evaluation under field conditions. Overall, genomic-enabled approaches are
transforming faba bean breeding by enabling efficient selection forimproved seed quality
traits. Future efforts should focus on integrating multi-trait selection frameworks to
optimize both nutritional value and crop performance, ensuring the development of
resilient and high-quality cultivars.
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Iron is an essential element for nearly all forms of life to enable key enzymatic steps in
many biological processes. Early insights into the physiological responses to iron
deficiency were provided by two iron-accumulating mutants in pea (Pisum sativum L.),
well before Arabidopsis was widely adopted as a plant model. However, the mutations
were never identified until recently. We showed that degenerate leaves (dgl) corresponds
to a small deletion in BRUTUS1, encoding an Fe-binding E3 ubiquitin ligase. The mutant
protein lacks one of the three diiron centres in the N-terminus which we propose are
involved in sensing iron levels. The other iron-accumulating mutant, bronze (brz), has a
point mutation in OPT3, an oligo peptide transporter required for iron transport from the
xylem to the phloem. Both dgl and brz affect the development of symbiotic root nodules
in peas and Medicago truncatula. Microscopy analysis of iron distribution indicates that
thisis for different reasons, which highlights once again the importance of balancingiron
levels to avoid both deficiency and toxicity.
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The increasing volatility of the global climate is raising interest in grasspea (Lathyrus
sativus) a high-protein, climate-resilient legume. While historically valued in arid regions,
its exceptional ability to withstand drought as well as waterlogging stress, could also
make it a promising addition to arable systems of other countries under climate stress,
including the UK. We report on the development of a genomic toolkit to overcome the
primary barriers to grasspea adoption: the presence of the neurotoxin B-ODAP and other
anti-nutritional factors, and the lack of improved varieties. We have generated a
chromosome-scale reference assembly of the 6.2 Gbp grasspea genome, facilitating the
analysis of a global diversity panel of 344 accessions via whole-genome re-sequencing.
This resource enabled high-resolution GWAS and EcoTILLING, leading to the
characterization of a loss-of-function mutation in a bHLH transcription factor (an
ortholog of Mendel’s A locus). This mutation is characterized by white flowers and cream
seed coats due to significantly reduced condensed tannin concentrations. Cell-based
assays identify these tannins as the primary inhibitory determinant of iron bioavailability.
By linking this high-value nutritional trait to specific genetic variants and visible
morphological markers, we provide an easy route for selecting cultivars with high iron
bioavailability. To ensure consumer safety, we utilized a Recombinant Inbred Line (RIL)
population to map a major quantitative trait locus (QTL) controlling B-ODAP levels,
enabling the selection of safe, elite lines. In collaboration with international partners, we
are integrating these improved varieties into local seed systems in Ethiopia. In addition,
we are developing the first UK-adapted grasspea varieties, aimed at diversifying domestic
protein production, especially for feed value chains.
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Virtually all vegetables, grains, and fruits we rely upon come from domesticated plants,
which genetically and often phenotypically differ from their wild counterparts. Because the
effect of plant genes extends beyond the individual plant and influences microbial
communities, it is logical to hypothesize that changes in plant traits selected during
domestication also drive changes in microbiota composition. Furthermore, as
domesticators are likely to select for common traits, such as increased seed size,
palatability, or early maturity, it is also logical to hypothesize that independent
domestication events for the same plant species, which are focused on the same plant
product (e.g., seeds or fruits), could lead to similar changes in the plant microbiota, with
potential consequences for plant health and productivity. The genus Phaseolus provides a
valuable model system for understanding the impact of domestication on plant traits, as this
genus underwent four independent domestication events within two species (P. vulgaris and
P. lunatus), providing replicates of a process spanning thousands of years. We have
exploited this to explore the link between plant domestication and the composition of the
seed microbiota, which includes both beneficial microorganisms and seed-borne
pathogens. The seed bacterial communities of representative plant accessions from
subpopulations descended from each domestication event were analysed under controlled
and field conditions. Our results show that independent domestication events led to similar
seed bacterial community signatures in independently domesticated plant populations,
which could be partially explained by selection for common domesticated plant phenotypes
and changes in the selective processes acting on the seed microbiota. We discuss how
selection for plant traits during domestication may have affected plant interactions with the
plant microbiota and the implications of our findings for plant health.
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Nitrogen-fixing symbiosis is essential for ecosystem functioning and agriculture, yet the
evolutionary history of nodulation remains the focus of considerable debate. Recent
evidence suggesting a single origin of nodulation followed by massive parallel
evolutionary losses raises questions about why a few lineages in the N.-fixing clade
retained nodulation and diversified as stable nodulators while most did not. Within
legumes, nodulation is restricted to the two most diverse subfamilies, Papilionoideae
and Caesalpinioideae, which show stable retention of nodulation across their core
clades. Why is this, and can nodule anatomy provide a clue? Two nodule anatomy types
were characterized across 128 species in 56 of the 152 genera of the legume subfamily
Caesalpinioideae: 1) fixation thread nodules (FTs), where nitrogen-fixing bacteroids are
retained within the apoplast in modified infection threads and 2) symbiosomes, where
rhizobia are symplastically internalized in the host cell cytoplasm within membrane-
bound symbiosomes. Using a robust phylogenomic tree based on 997 genes from 147
Caesalpinioideae genera, losses of nodulation were shown to be more prevalent in
lineages with FTs than those with SYMs. Itis proposed that evolution of the symbiosome
allows for a more intimate and enduring symbiosis through greater
compartmentalisation of their rhizobial microsymbionts, resulting in greater
evolutionary stability of nodulation across this species-rich pantropical legume clade.

Prof. James passed away shortly before this meeting; and this abstractis included in
recognition of his scientific contribution.
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Nitrogen-fixing symbioses with root nodules originated in the nitrogen-fixing clade (NFC),
where legumes are the most prolific nodulators. Nonetheless, the absence of this traitin
approximately 20% of legume genera highlights its repeated loss across lineages.
Notably, within the predominantly nodulating Caesalpinioid tribe Mimoseae,
Adenanthera and Parkia are well-known exceptions, suggesting comparatively recent
and independent cessations of nodulation. Glasshouse inoculation trials using
indigenous soils and diverse rhizobial strains from India and Brazil did not induce
nodulation in either species. In this study, we generated draft genomes for Adenanthera
59avonine and Parkia discolor. We also examined 34 additional published legume
genomes, including representatives from all subfamilies and Quillaja 59avonine59 as an
outgroup, to assess the presence, absence, or pseudogenization of 11 core nodulation
genes. Key genes included NODULE INCEPTION (NIN), RHIZOBIUM-DIRECTED POLAR
GROWTH (RPG), and NOD FACTOR PERCEPTION 2 (NFP2). Comparative analysis
revealed that all nodulating legumes retained functional copies of the 11 core genes. In
contrast, P. discolor shows early pseudogenization of RPG while retaining NFP2.
Meanwhile, A. 59avonine still harbours intact copies of NIN, RPG, and NFP2, despite an
estimated loss of nodulation over 30 million years ago. These findings support a model
of stepwise loss of symbiosis genes following the breakdown of nodulation, with NIN
often among the first to be lost and NFP2 among the last to be retained. Our results
highlight a lag between ecological trait loss and genomic erosion, refine the chronology
of nodulation gene loss in legumes, and underscore the genomic inertia that follows the
cessation of this key ecological interaction.
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Here we characterise ~235 putative rhizobia in the search for the ‘elite symbionts’, strains
that have the potential to maximise yield of novel forage legumes. This is to assist project
NUE-Leg (Nitrogen Utilisation Efficiency Legume), which aims to reduce the reliance of
UK grassland farms on synthetic nitrogen fertilisers by increasing the inclusion of forage
legumes. NUE-Leg focuses on a hybrid white clover [Trifolium repens L. x T. ambiguum
M.Bieb.] (‘DoubleRoot’) with improved tolerance to cold and drought; a new red clover
[Trifolium pratense L.] (‘RedRunner’) with improved root structures (stolons) that offer
grazing tolerance; and a grazing adapted Birdsfoot trefoil (Lotus corniculatus L.) with the
potential to reduce enteric methane production (from ruminants). The symbionts tested
originated from collections at JHI and IBERS, and ex-situ (pot) trials to trap rhizobia. Most
of the clover-associated strains were identified (initially by 16S rRNA blastn similarity) as
belonging to the genus Rhizobium, and in particular R. brockwellii (formerly R.
leguminosarum genospecies A). The Lotus-associated rhizobia proved more diverse, with
isolates from several genera including Mesorhizobium, Bradyrhizobium and Rhizobium.
BOX PCR-fingerprinting was used to delimit the clover-associated Rhizobium strains, for
which a representative was assigned; that was then used in all subsequent analyses
including in the ex-situ inoculant pot trials. Whole genome sequencing and field trials are
also planned for both the clover-associated representatives as well as the Lotus-
associated strains.

Acknowledgement: TJHI is supported by the Rural and Environment Science and
Analytical Services (RESAS), a division of the Scottish Government. NUE-Leg is
supported by the Department for Environment, Food and Rural Affairs (DEFRA) and UKRI
InnovateUK [Gran Agreement number, 10034596].
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Grass pea (Lathyrus sativus) is emerging as a model legume for climate-challenged
agriculture, combining remarkable tolerance to drought, flooding, salinity, heat and
multiple diseases with suitability for low-input, sustainable systems. Our work exploits
worldwide natural diversity to dissect the quantitative genetic bases of this resilience,
from physiology to genome scale. A controlled multi-environment phenotyping of diverse
accessions revealed a rich “toolbox” of morpho-physiological strategies to cope with
contrasting water deficit and waterlogging, with high heritability for total biomass and
chlorophyll fluorescence traits, clear ecotypic differentiation, and contrasting multi-
tolerant versus multi-susceptible ideotypes. Genome-wide association mapping on the
same diversity uncovered oligogenic partial resistance to fusarium wilt, rust and powdery
mildews, governed by multiple loci of small effect and involving candidate NB-ARC, LRR,
PPR, and regulatory genes. Parallel GWAS for drought and waterlogging tolerance
identified largely non-overlapping SNP-trait associations, pointing to distinct yet
interconnected molecular architectures in which redox regulation, carbohydrate
metabolism, hormone signalling and cell wall dynamics contribute to water-stress
adaptation. Together with ecotype-informed field studies under variable Mediterranean
seasons, these results position grass pea both as a resilient crop on its own and as a
donor of stress-adaptive alleles for wider legume breeding. They also deliver marker and
candidate-gene resources to underpin precision breeding, pyramiding of complementary
resistance factors, and a more rational design of multi-stress-resilient grass pea
ideotypes for sustainable, climate-smart legume-based cropping systems.
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Plants that can adjust their growth in response to changing environments hold great
potential for improving crop productivity. Root system architecture (RSA) is fundamental
to soil resource acquisition and stress resilience; however, its genetic basis and
phenotypic plasticity remain insufficiently characterized in pigeonpea. This study
examined the genetic and environmental factors underlying RSA plasticity across three
contrasting environments in India using the Shovelomics method. All evaluated RSA
traits displayed significant environment-dependent variation, reflecting high plastic
responsiveness. In particular, root plasticity traits showed negative correlations with
high-temperature environments for most traits. Genome-wide analyses revealed
candidate genes associated with trait plasticity that were largely distinct from those
influencing trait expression within specific environments. These findings demonstrate
that RSA plasticity in pigeonpea is a complex, quantitatively controlled trait governed by
independent genetic factors. The identified plastic genotypes are currently being
evaluated under high-temperature treatments. Overall, these genotypes represent
valuable resources for elucidating the molecular and physiological mechanisms
underlying adaptive root responses in pigeonpea.
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Unravelling bean rust resistance in East Africa: pathogen
diversity and NLR immune networks in common bean
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Bean rust, caused by Uromyces appendiculatus, is a major constraint on common bean
(Phaseolus vulgaris) production in East Africa, causing yield losses of 20-85% in
susceptible cultivars under favourable conditions. Although rust resistance is largely
mediated by nucleotide-binding leucine-rich repeat (NLR) receptors, the structure and
function of NLR networks in common bean remain poorly understood, especially against
diverse pathogen populations. To address this, we are establishing a U. appendiculatus
—common bean pathosystem. Around 200 rust isolates have been collected from bean-
growing regions of Uganda and Kenya and are being pathotyped on differential bean lines
carrying known rust resistance genes to define virulence diversity and physiological
races. In parallel, we carried out genome-wide identification, annotation, phylogenetic
and structural analysis of common bean NLRs, generating a pan-NLRome from available
genome assemblies and rust infection transcriptomes. More than 30 strongly induced
TNL-subclass NLRs, including paired NLRs and putative helper NLRs (ADR1 and NRG1),
were prioritized for functional analysis. Candidates were tested by Agrobacterium-
mediated transient expression in Nicotiana benthamiana to assess immune activation
and potential sensor-helper interactions in downstream signalling. These results define
components of a TNL signaling network in common bean, and together with pathogen
diversity analysis, provide a framework for faster isolation of NLRs conferring resistance

to rust and other major bean pathogens.
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