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Numerous and various ecosystem services 
provided by legume crops: 

➘ GHG emissions, ➘ energy use, 
➚ biodiversity, ➚ soil fertility and quality…

à Legume crops are a pillar of 
agroecology !

Nutritional properties, 
complementarity with cereal ones: 
à Legume crops are a pillar of low 

meat-protein diets in western 
countries

Health effect of regular 
consumpBon of legumes: 

à Legume crops are a pillar of a 
healthy food for all ages 

(specifically elderly people)

Cheap and local protein-rich food to 
increase food security and thus social peace:

à Legume crops are a pillar of food in 
developing countries

.02

Legumes are a pillar of the agrifood system transi4ons toward sustainability
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But their development in Europe is hampered by a sociotechnical lock-in

Consump(on :
Bad flavour from grain 

legumes ; low habit to eat
legumes, 

Downs-
tream

Industry/
transformation : 
High transaction costs for 
minor species / Difficulty
for some processes / Low 

use in food / standards 
developed for major crops

Breeding : 
Low number of available cul@vars and low
increase of annual yield (gene@c progress)

Upstream

Farm :
Scarce consideration of the economic return 

of legumes on the following crops

Advisory services:
Lack of technico-economic references on 

crop management and on preceding effects

Field: 
Lower yield compared to major crops + 

variability of ecosystemic services provded
unexplained, and unpredictable

Collec(ng firms :
More complex and more expensive logis@cs

on species with low volumes

Policies:
Successive ac@ons unfavorable or not 
permanent concerning legume crops

Environnement:
The environmental interest 

of these species not 
explained or not recognized 

by consumers

Unsufficient
coordination 

between actors to 
consolidate a 
fragile value 

chain: 
information flow 
and incentives

Magrini et al., 2016; 
Meynard et al., 2018
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Environnement:
The environmental interest 
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explained or not recognized 

by consumers

Unsufficient
coordination 

between actors to 
consolidate a 
fragile value 

chain: 
information flow 
and incentives

Numerous interconnected obstacles, linked to a 
progressive alignment of the practices of actors

from upstream and downstream of value chains, 
reinforcing major species

All actors are interconnectd in their activities and have 
interest to manage a small number of major species, thus

marginalising legume crops.
This lock-in is systemic and collective (no scapegoat; all 

actors are jointly responsible)
è How to unlock the system ?? Various approaches

Magrini et al., 2016; 
Meynard et al., 2018
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Unlocking: Next to the dominant system, some farmers grow legumes : 
they have invented pracNces (rare but saNsfactory) è understanding how 

they do may help dissemina3ng new type of knowledge for further innova3ons

à 38 grown intercrops

15 farmers
interviewed

len$lle%cameline*
P*

len$lle%lin*P*

pois*p%orge*P*

pois*carré%avoine*
P*

pois*p%avoine*H*

Pois*p%orge*H*

pois*f%avoine*H*
pois*f%blé*H*

pois*f%orge*H*

pois*f%tri$cale*H*féverole%blé*H*

féverole%tri$cale*
H*

soja%sarrasin*P*
len$lle%lin*H*

len$llon%seigle*H*
lupin%tri$cale*H*

lupin%seigle*H*

Associa$ons*
complexes**

Type Outlet of the 
harvested
product

Performance criteria
favoured by farmers

Most frequent
species

Periods of 
sowing

Nb. Of 
weeding
operation

s

Sorting
species

before use

Work 
load

1 Sale outside
the farm

No technical
operation between
sowing and harvest

(2) Lentil, camelina, 
buckwheat

May 0 Yes Low

2 Feed for the 
animals on 

farm

No technical
operation between
sowing and harves

(2 à 7) forrage pea, 
vetch, rye, triticale, 

wheat

September
- october

0 to 1 No Low

3 Feed for the 
animals on 

farm

Decrease weeds in 
winter-crop rotation 
è spring sowing

(2) pea, wheat, 
barley

February
to April

1 to 2 No Medium

4 Sale outside
the farm

Produce high-protein
wheat for sale

(2) Winter Wheat + 
pea, fababean, lupin

October to 
Décember

2 to 3 Yes High

PracAces (species, density, N ferAlizaAon, 
weeding, sorAng) are highly consistent with

the saAsfacAon criteria of the farmers
è 4 agronomic logics

Lamé et al., 2015
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Unlocking: Articulating on-farm innovation tracking, prototyping trials and 
adaptation trials helped to develop legume-based systems in Burkina Faso

On-farm
innovation 

tracking

Prototyping
trials on 
village 

experimental
sta7on

Adapta7on 
trials by 

farmers in 
their own

fields

Innovative 
legume-based

cropping systems
adapted and 
adopted by 

farmers (29/39)

Périnelle et al., 2021, 2022

Candidate 
cropping
systems Individual and 

collective 
assessment of the 

experimented
candidate CS with

farmers
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Unlocking: Coupled innovations are required to unlock the system : ex. 
of a legume value chain developed thanks to interconnected innovations

Agronomical innovaAon: 
len0l-wheat intercrop to 

increase protein content in 
wheat grains with low
environmetal impacts

Technological innovaAon in 
logisAcs:

New silo for storage, 
op0cal sorter

!

Organisationnal innovation:
Production contract with

guaranteed minimum price; fair
trade charter …

MarkeAng innovaAon : crea0on of 
a brand ; development of local 

distribu0on

Varietal innovation: 
partnership strategy

with a breeder of 
diversification species

Service innovation: 
specific advice to farmers

and multi-annual cost
accounting

Meynard et al., 2017
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Unlocking: Collec4ve design of legume-based cropping systems and uses may
help to design scenarios for new agrifood systems within territories

Step 3
Defini0on, with the territory
actors, of the contraints and 
new targets for the territory

Step 2
Description and multi-criteria

assessment of current and 
innovative farming systems

Step 4
Design and mul0-criteria

assessment of prospec0ve 
scenario (includnig the 

development of legume
crops)  for the territory

Constraint-based
optimization

Pelzer et al., 2020
Step 1

Workshops to co-design 
legume-based cropping
systems for the territory

Change (%) in performances 
compared to current territory

-50%	 0%	 50%	100%	150%	200%	250%	

Marge	(€/ha/an)	
Charges	(€/ha/an)	

Temps	Travail	(h/ha/an)	
Conso	fuel	(GJ/ha/an)	

Dose	N	minéral	(kg/ha/an)	
Risque	azote	(qual	1-5)	

IFT	total	
PDI	zone	Lait	(gN/UGB/j)		

PDI	zone	Viande	(gN/UGB/j)		
UFL	(/UGB/j)		
UFV	(/UGB/j)	

Tous	modes	

Margin (€/ha/yr)
Costs (€/ha/yr)

Work load (h/ha/yr)
Fuel cons. (GJ/ha/yr)

Min N rate (kg/ha/yr)
N losses (qualitaDve)

Total TFI
Dig Protein (milk) (gN/UGN/day)

Dig protein (meat) (gN/UGN/day)
Milk Fodder Unit (/UGB/day)

Meat Fodder Ubnit (/UGB/day)

Asso	F	

Pois	P	
Luzerne	
non	SCA	

Luzerne	
SCA	

Sainfoin	

Prairie	Blé	H	

Blé	P	

Orge	H	

Orge	P	

Triticale	

Maïs	E	 Colza	

Tournesol	

Plateau	:	89800	ha	

OSRmaize

Spring 
barley

Winter 
barley Winter 

wheat

Spring 
wheat

grassland

buckwheat

Alfalfa

Alfalfa

Spring pea

Intercrop

Sunflower

designed
territory

23 % 
Legume

Asso	F	

Lentille	
Pois	H	 Pois	P	

Luzerne	
non	SCA	
Luzerne	
SCA	Prairie	

Blé	H	

Blé	P	

Orge	H	

Orge	P	Triticale	

Maïs	E	

Colza	

Tournesol	

Plateau	:	89800	ha	

Spring 
wheat

Winter 
wheat

Winter 
Barley

Spring 
Barley

Maize

Oilseed Rape

Sunflower

Lentil

W pea Alfalfa

grassland

Current
territory

6 % 
Legume
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Conclusion
Suppor&ng the development of legume-based agrifood systems to foster
transi&ons should be enhanced by:
• Stronger collabora&ons between research in agronomy, food science, design, 

social sciences, … è enhance transdisciplinarity in research projects
• Stronger innova&on-oriented research è strengthen back-and-forth links 

between knowledge produc&on and innova&on
• Stronger interac&ons between research and actors / stakeholders è foster

ac&on-research in mul&-actor projects (linking agriculture and food
processing)
• Developing capacity-building of actors for open innova&on è combine 

research, teaching and innova&on-support around dedicated methods
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Thank you for your attention!
marie-helene.jeuffroy@inrae.fr
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