
Setting the scene of the ecosystem services 
provided by alfalfa at the rotation level and at 
the territory level: towards a better use of 
alfalfa

Christian HUYGHE, Scientific Director Agriculture, 
INRAE, France

15 November 2022, 
San Diego



The major challenges

• Feeding the world population, in a situation of increasing population 
and diet transition

• Adapting to and mitigating climate change
• How to reduce GHG emission?
• What are the responses to increasing temperatures?

• Restoring biodiversity
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Perennial legumes and ecosystem services
Millenium Ecosystem Assessment (2005)

High quality forage 
production

How to use 
alfalfa?
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White et al, 2021: Ecosystem services

Ecosystem services to be balanced with
technological services or labour to provide

outcomes



Alfalfa services

• Per se and intercropped: 
• High quality and high-protein biomass
• Reducing the use of N fertilizers and the Green House Gas emission
• Alfalfa and its root microbiome: the rhizobium community and the mycorrhiza

community play a role in the N2O emission
• Massive reduction of N2O in intercropping
• Positive impact on biodiversity

• In rotation
• Massive impacts

• A special attention to be paid to the alfalfa termination



Exemple of the cycle «Proteins and Nitrogen» at the world level: illustration of an 
open cycle, with massive losses

Mt N/anWorld (2009)

Billen et al, 2014, Global 
Food Security 3, 209-219 

Legumes

Nitrogen fertilizers

In 2020: 7,87 Mrd hab
= 36,6 Mt N

En 2020: 118 Mt

N2O
1,5 (=702 Mt 

CO2e)

CO2
63 Mt CO2e



Nitrous oxide emissions associated with ammonia‐oxidizing bacteria abundance in 
fields of switchgrass with and without intercropped alfalfa

Pannu et al, 2019. Environ Microbiol Rep

100 N

A four fold
difference



Alfalfa and biodiversity

• It has been shown that alfalfa has very strong biocontrol effect on the 
neighbouring crops

• Alfalfa >> Orchards
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Clemente-Orta et al, 2020
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Clemente-Orta et al, 2020
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Clemente-Orta et al, 2020



Alfalfa and biodiversity

• It has been shown that alfalfa has very strong biocontrol effect on the 
neighbouring crops (Clemente-Orta et al, 2020)

• Alfalfa >> Orchards

• Alfalfa increases both early and late predation of aphids (in cotton
crops in Australia) (Costamagna et al, 2015)
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Landscape‐scale pest suppression is mediated by timing of predator arrival
Costamagna et al, 2015. Ecological
applications



Alfalfa and biodiversity

• It has been shown that alfalfa has very strong biocontrol effect on the 
neighbouring crops (Clemente-Orta et al, 2020)

• Alfalfa >> Orchards

• Alfalfa increases both early and late predation of aphids (in cotton
crops in Australia) (Costamagna et al, 2015)

• Complex interactions exist with the neighbouring habitats (Kross et al, 
2016)

• With rich edge habitats, more efficient avian conservation and more bird
foraging to control pests
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Avian abundance in alfalfa field is
related to the surrounding habits and 
especially the edge habits

Kross et al, 2016. Agricuture, Ecosystems and 
Environment



The collective scientific expertise on the natural regulations
obtained from increasing functional diversity (Inrae, Oct 2022)

 

Increasing field and landscape diversities leads to more 
natural regulations of weeds, pests and diseases



Multi-criteria assessment of alfalfa services



.018Syswerda et al, 2014. Agricuture, Ecosystems and Environment

Ecosystem service indicators for conventional, no-till, 
reduced input, and biologically based (USDA certified
organic) systems of the KBS LTER site. Values are relative to 
maximum values for each service observed in the study. 
100% GHG mitigation was achieved by an early
successional community

Alfalfa:
- High soil organic matter
- High soil water storage
- High nitrate conservation



Alfalfa in rotation

• Benefits for biodiversity
• Massive benefits for the soil

• Reduction in soil resistance to root growth: - 8%
• Increase in cation exchange capacity: + 16%
• Increase in salt-extractable soil carbon: +157% 
• Increase in soil microbial biomass: + 62%



.020Baldwin-Kordick et al, 2022. Agroecology and 
Sustainable Food Systems

The strongest and most salient improvements in 
soil health from the diversified, 4-year cropping
system included: 8% reduction in soil resistance
to root growth (BD) (p = .006), 16% increase in 
cation exchange capacity (CEC) (p = .001), 157% 
increase in salt-extractable soil carbon (SEOC) (p = 
.024), and 62% increase in soil microbial biomass
(MB) (p = .017).

A two years rotation vs diversified 4 year
cropping systems: 



Some benefits may be lost at alfalfa
termination
• How to destroy alfalfa crops?

• Tillage vs no-till + herbicide ?
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In the first 70 days after destruction
- CO2 is the main source of GHG emission (up to 

3t of CO2 eq./ha)
- No tillage is better



Some benefits may be lost at alfalfa
termination
• How to destroy alfalfa crops?

• Tillage vs no-till + herbicide ?

• Alfalfa termination and GHG emissions
• Alfalfa – wheat vs continuous alfalfa



In the wheat crop () following an autumn termination of alfalfa, there is no 
significantly more GHG than in a continuous alfalfa ()

Trozzo et al, 2020, Italian Journal of Agronomy



Some benefits may be lost at alfalfa
termination
• How to destroy alfalfa crops?

• Tillage vs. no-till + herbicide ?

• Alfalfa termination and GHG emissions
• Alfalfa – wheat vs. continuous alfalfa

• Following an alfalfa, addition of Biochar may be beneficial for 
providing supporting services (C/N ratio)



.026Francioni et al, 2022, Atmosphere
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Conclusions
• Benefits from alfalfa in rotations are massive but also depend upon management



Conclusions
• Benefits from alfalfa in rotations are massive but also depend upon management
• Adoption of innovative practices and systems must consider the locked-in 

systems in which farmers are involved

 

(adapted from Ollivier et al., 2018 (Ecology and Society) who
adapted from Geels, 2002 (Research Policy))

Supporting
niches

Destabilizing dominant regime

Market of 
phytosanitaryinputs

Trading of raw
products

Market of 
equipments

Market of product
collect and 
processing

Food retailors

Market of genetic
resources

Enclosure of living 
organisms

Enclosure of 
knowledgeConcentration of 

industrial circuits

Concentration 
of commercial  

circuits

Farm

Two major issues to foster transition
- The enclosure patterns
- The weight of specific investments
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Thank you for your attention …
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