Ch 
  
Herbivore respiration

Without supply of fresh C (energy) for microbes, deep carbon is stable In CO 2 equivalents, using the global warming potential (GWP) of each gas at the 100 years time horizon (IPCC, 2007):

NGHG : on site greenhouse gas balance Attributed NGHG: on and off site greenhouse gas balance Off site: emissions in the barn from cut herbage (digestion and wastes)

Budgeting GHG: net GHG balance in CO 2 equivalents (Soussana and Tallec, 2009) GHG balance in CO 2 equivalents at European sites (g CO 2 -C equivalents m -2 yr -1 ) (Soussana et al., 2007, Soussana andTallec, 2009) 

Management NCS Att- NCS Grassland methane GWP CH4 F CH4

  Changes in total soil organic carbon content are hardly detectable within a few years How stable is organic carbon? Comparing deep this large pool of carbon going to react to global change and accelerate the rise of atmospheric CO 2 ? (Fontaine et al., Nature 2007) Effect of fresh C supply to deep microbes. soil C (priming effect).
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  Tallec, Animal, in press; Soussana et al., in prep.) Fate of harvested C at cut sites (g C m -2 yr -1 ) Mean of 3 sites (Soussana et al., 2007, AGEE; Soussana & Tallec, 2009, Animal) Att-NCS = NCS + NCS @barn = NCS + f humif Max[0, (1-f diges )F harvest -F manure ] Fate of harvested C at cut and grazed sites (g C m -2 yr -1 ) al., 2007, AGEE; Soussana & Tallec, 2009, Animal) Herbage utilisation by grazing and cutting (gC m -2 an -1 The less carbon is used, the more is returned to the soil, which increases C sequestration • Nitrogen supply also favours carbon sequestration Carbon sequestration (NCS) at 10 European grassland sites (Soussana et al. Agriculture, Ecosys. Environment, 2007) Global technical mitigation potential by 2030 of each agricultural management practice Carbon sequestration in agricultural soils : 89 % Mitigation of CH 4 emissions: 9 % Mitigation of N 2 O emissions: 2 % (IPCC, 2007) Mitigation potential of GHG emissions from the agriculture sector in 2030 (Mt CO 2 eq./year, B2 scenario, 100 $ US/tCO 2 -eq) Drawn from data in Smith et al., 2007a. CH 4 : in-situ dual tracer mehod -N 2 O: automated chambers On site emissions of N 2 O and CH 4 , converted in CO 2 equivalents using the GWP of each gas, offset 43 % of the ecosystem C sink The net greenhouse gas balance, also including off-site emissions of N 2 O and CH 4 through digestion of cut herbage, is a small net sink by 85 ± 77 g C m -2 yr -1 (Flechard et al., 2007, Pinares-Pineiro et al., 2007, Soussana et al., 2007)

  more plant species in a permanent grassland patch, the higher the local productivity Root traits effects on productivity and C sequestration (Klumpp and Soussana, 2009 Global Change Biol., in press) when there are less coarse roots Outline 1. Introduction: the terrestrial carbon sink 2. Carbon sequestration in European grasslands 3. Carbon sequestration in the context of GHG balance 4. Vulnerability of carbon stocks to climate change and biodiversity loss 5. Carbon sequestration options for livestock farms

  

  

  

  

  

  

  

  

  

  

  

  

  

loss may impact C sequestration Soil organic matter CO 2 Energy Chemical characteristics of litter Plant Production/ Allocation Micro- environmental Plant species diversity Plant functional traits Defoliation by cutting and grazing

  Impacts of climate variability and extremes on the C cycle in grasslands

	Climate change impact on grassland Biodiversity effect at patch scale Outline soil carbon sequestration in managed grasslands	
	1. Introduction: the terrestrial carbon sink Interannual variability	
	Total methane GWP CH4 F CH4 145 476 447 NGHG Att-2. Carbon sequestration in European grasslands Grazing 471 471 145 Grazing & cutting 183 268 159 Cutting 259 359 0 4 F CH4 land ne Total methane GWP CH4 F CH4 Grassland N 2 O GWP N2O F N2O Total N 2 O GWP N2O F NGHG (A) biomass N2O 145 22 22 320 320 476 64 81 -22 -272 447 30 53 230 -141 3. Carbon sequestration in the context of GHG balance 4. Vulnerability of carbon stocks to climate change and biodiversity loss Agricultural management Above-ground Log Greenhouse gas emissions 0 2 4 6 8 10 12 Green	G GW
	NGHG: grassland greenhouse gas balance Att-NGH: attributed greenhouse gas balance (including off site emissions) Number of Species Biomass 5. Carbon sequestration options for livestock farms (g)	

(Smith et al., 2005, Global Change Biol.) Biodiversity (Gross et al., in revision, BAE)

(Fontaine et al., Nature 2007) 

C sequestration reaches 6 % of gross photosynthesis, similar to forests Direct plus indirect emissions of N 2 O and CH 4 lead to a 45 % trade-off (Soussana et al., in prep.)

A dynamic model coupling lifecycle analysis and carbon sequestration (Salettes et al., 2004;Schils et al., 2007;Duretz et al., 2009) Net greenhouse gas balance of cattle farms per unit energy in animal products (FarmSim model) Concluding remarks

• There is a clear potential for C sequestration in European grasslands