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Perennial legumes and ecosystem services 
Millenium ecosystem assessment (2005) 

High quality 
forage production 

New uses 
for legumes 
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Agro-ecology 
one word, several meanings 

Agro-ecology 

Scientific discipline 

Ecology at a 
field, herd 

of farm 
level 

Ecology of  
food systems 

Ecology 
of 

agrosystems 

Environne- 
mentalism 

Rural  
Development 

 Sustainable  
agriculture 

Techniques 

 Social Movement Pratices 

(from Wezel et al, 2009) 
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Agroecology defines a new paradigm: 
 

Increasing the functional diversity in cropping systems leads to more 
biological regulations 

Agro-ecology 
one word, several meanings, a single principle 
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Perennial legumes, functional traits, services 

N2 biological fixation 
Source of nitrogen in 

cropping systems  
↓ greenhouse gas emissions 

More balanced N cycle  

Withstand long 
competition for light  

Adapted to co-cropping  

Better control of soil 
erosion 

Less soil perturbations  Perennial crops 

Response to 
photomorphogenenis 

Control of weeds 

Long term effects on 
organic matter, soil activity   
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These functional traits may be used in living mulches 

2-3 years alfalfa 
crops 

Intercrop: 
control of alfalfa 
growth before 

seeding 

Wheat sown in 
alfalfa 

Intercrop: 
regrowth of 

alfalfa 

Small grain or 
maize sown in 

alfalfa 
.... 

Wheat, small grains or maize in alfalfa 

(from Jezequel et al., 2018) 
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These functional traits may be used in living mulches 

Late August: 
sowing dwarf 

white clover in 
rapeseed 

Early July: 
rapeseed 
harvest 

Intercrop: full 
growth of white 

clover 

Early oct: 
control of WC 
growth before 

sowing 

Direct sowing of 
cereal in the 
living mulch 

If needed: 
chemical 

weeding in late 
winter 

July: cereal 
harvest 

intercrop (July-
April): strong 

grwoth of white 
clover 

Early April: 
chemical 

control of WC 

Late April: 
mechanical 

control of WC 
growth 

Strill-drilling of 
maize 

Rapeseed, small grains and maize in white clover 

(from Jezequel et al., 2018) 
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Main achievements 



Sowing 

Beginning of 

tillering 

Spike at 

1 cm 

stage 

Mid flowering 

Harvest 

4 

5 

3 

2 

1 



Yield   

W 

without 

C – 

31/10 

Wheat 

under 

alfalfa 

16/10 

Nopt 

(kgN/ha) 
272 213*** 

Yield opt 

(q/ha) 
85.3 84.7NS 

Response curves 

Conclusion : Main services from alfalfa cover 
 

• No difference in grain yield. 
    - it requires a good control of alfalfa growth). 

• Saving 60 kgN/ha  

• Additional 1.5 points of proteins 

• Improved nitrogen minéralisation 

BRIVES (36) 2013, wheat under alfalfa 

Protein content  

+ 1.5 point 

Quantity of mineralized N in sol (from 

Z22 to harvest) 

Charpentier farm 

Less nitrogen fertilisers for a better quality with the same yield 

Wheat under alfalfa 
16/10 
Wheat without 
cover  31/10 

Wheat without 
cover  31/10 

Wheat under 
alfalfa  16/10 
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Indice de nutrition 
azotée du blé à la 
floraison (écart au 

témoin)

Rendement (en % du témoin)
Couvert vivant

Couvert tué dans la culture

R² = 0.56

Over a wide range of farm 
trials (from Labreuche et al, 
2017) 

Wheat nitrogen 
nutrition index at 

flowering 
(difference to 

control) 

Grain yield (in % of control) 
   Living mulch 
   Mulch killed in the crop 

The key issue is the ability to 
control the competition 
induced by alfalfa 



.012 

Maize under cover, management of nitrogen fertilisation 
and management of sainfoin sward 

_ dead mulch 
_ living mulch 

• + 15 q/ha (* S) on 
average of all treatments 
with the leaving mulch 
 

• Optimum N fertilization 
shifted from 223 to 185 
N (on adjusted response 
curves) (NS) 
 

Daniel Bremond‘s farm  
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Living mulch: sowing winter rapeseed in 
mixture with frost-susceptible legumes  

• Frost-susceptible legumes are killed by the first frost 
period: release of nitrogen during the early spring= 40-
60 kg N/ha 

• A multiple effect on the reduction of pesticide use 
– Competition with weed at rapeseed emergence 

– Repellant against cabbage-stem flea beetle (Psylliodes 
chrysocephala) 

Legumes + rapeseed biomass 
and Legume/Rapeseed biomass 
ratio explain weed density 

(From Lorin et al, 2015) 
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Multi-criteria assessment in 2 case studies 

Wheat under 
alfalfa 

Rapeseed + cereal 
under clover 

Grain Yield = < 

Variation among years 

Protein content 

Income 

Inputs cost 

Machinery cost 

Net margin 

Production cost 

Work load 

Number of pesticide sprayings 

Quantity of pesticide a.i. 

Energy consumption 

Biodiversity 
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Much better 
than control 

Much worse 
than control 

The management of the legume 
sward is essential to limit its 
competitiveness against the 
grain crop. Production variation 
among years has to be 
improved 
 
Environment issues are 
improved 
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(from Jezequel et al., 2018) 
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A side benefit: the soil 
quality 

Left: Ploughed, water-saturated 
and out of access for machinery 
Right: direct drill over living mulch, 
well drained, accessible  

Hubert Charpentier’s farm  
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The challenges to better use legumes in living mulches 
 
 
• Choosing the most adapted species to get the expected services 

• A huge diversity for functional traits among legumes, to be better described and valued  
 

• Breeding adapted varieties of legumes: not those used for forage production! 
 

• Measuring and predicting the functional complementarities between species  
 

• Constructing adapted machineries 
• Precision guidance, seeding, mowing techniques… 

 
• Developing dedicated decision support systems 

• Dynamic management of functional complementarities 
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Conclusion 

• Agriculture has huge assets to contribute to global challenges 
• Mitigation of climate change 
• Air and water quality 
• Biodiversity 

•  All production systems have to be re-designed to combine productivity and 
environment preservation 

• More complex swards, designed on the basis of agroecological concepts, will be 
essential tools for achieving these goals 

• A lot still to be learnt 
• Physiological and ecological mechanisms occuring in complex swards: plant to plant 

interaction 
• Chemical ecology 
• Microbioms and holobionts 
• Short and long term effects  
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