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Climate change : Climate change : gg
what is the problem ?what is the problem ?pp

In order to limit to 2° C 
th i f t tthe increase of temperature

of the planetof the planet,
we MUST divide by 2y

the greenhouse gas emissions
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Agriculture, food Agriculture, food g cu u e, oodg cu u e, ood
and climate changeand climate changegg

Agriculture and food are responsible forAgriculture and food are responsible forAgriculture and food are responsible for Agriculture and food are responsible for 
more than 30% of all greenhouse gases in more than 30% of all greenhouse gases in 
the worldthe world
Stock breeding alone is responsible forStock breeding alone is responsible forStock breeding  alone is responsible for Stock breeding  alone is responsible for 
18% of greenhouse gases, more than all 18% of greenhouse gases, more than all 
transportstransports
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The three culprits : carbone dioxide (CO2), The three culprits : carbone dioxide (CO2), 
h (CH4) d i id (N2O)h (CH4) d i id (N2O)methane (CH4) and nitrous oxide (N2O)methane (CH4) and nitrous oxide (N2O)

CO2 : mainly emitted by agriculture machines, CO2 : mainly emitted by agriculture machines, 
transport, nitrogen fertilizers production, transport, nitrogen fertilizers production, p , g p ,p , g p ,
deforestation for meat productiondeforestation for meat production
CH4 i l itt d b t i f t tiCH4 i l itt d b t i f t tiCH4 : mainly emitted by enteric fermentation, CH4 : mainly emitted by enteric fermentation, 
manure and slurry fermentation, rice productionmanure and slurry fermentation, rice production
N2O : mainly emitted by soilsN2O : mainly emitted by soils

1kg methane = 25kg CO2 ( or 57kg at 2050 horizon)
1kg nitrous oxide = 310kg CO2
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Organic versus conventional agricultureOrganic versus conventional agriculture
1 E1 E1. E1. Energy consumption and CO2 emissionsnergy consumption and CO2 emissions

In intensive In intensive conventionalconventional agriculture about agriculture about halfhalf of the of the 
energyenergy consumptionconsumption and CO2 and CO2 emissionsemissions are imputable to are imputable to 
h f fh f f ii f ilif ilithe manufacture of the manufacture of nitrogennitrogen fertilizersfertilizers

ThereforeTherefore the CO2 the CO2 emissionsemissions per haper ha in in organicorganic
agriculture are inagriculture are in manymany cases aboutcases about halfhalf of theof the onesones ininagriculture are, in agriculture are, in manymany cases, about cases, about halfhalf of the of the onesones in in 
conventionnalconventionnal
TheThe emissionsemissions per tonper ton producedproduced cancan bebe inferiorinferior ororThe The emissionsemissions per tonper ton producedproduced cancan bebe inferiorinferior or or 
superiorsuperior dependingdepending on the on the yieldsyields
BiogazBiogaz production production cancan reducereduce fossilfossil energyenergy consumptionconsumptiongg pp gygy pp
and CO2 and CO2 emissionsemissions
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Energy consumption per area unit in organicEnergy consumption per area unit in organicEnergy consumption per area unit in organic Energy consumption per area unit in organic 
and conventional agriculture (MJ/ha)and conventional agriculture (MJ/ha)

Figure 1. C = ConventionalC = Conventional
O O iO O iO = OrganicO = Organic

C O C O C O C O C O C O C OC O C O C O C O C O C O C O
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C    O            C    O           C    O            C    O           C     O           C     O           C    OC    O            C    O           C    O            C    O           C     O           C     O           C    O
WheatWheat Potatoes        Carrots         Cabbage      Onion          Calabrese      LeeksPotatoes        Carrots         Cabbage      Onion          Calabrese      Leeks

Source : Energy use in org. farming systems, MAFF, 2000Source : Energy use in org. farming systems, MAFF, 2000



Energy consumption per tonne in organic and Energy consumption per tonne in organic and gy p p ggy p p g
conventional agriculture (MJ/tonne)conventional agriculture (MJ/tonne)

C = ConventionalC = Conventional
O = OrganicO = Organic

C O C O C O C O C O C O C OC O C O C O C O C O C O C O
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C    O            C    O           C    O            C    O           C     O           C     O           C    OC    O            C    O           C    O            C    O           C     O           C     O           C    O
WheatWheat Potatoes        Carrots         Cabbage      Onion          Calabrese      LeeksPotatoes        Carrots         Cabbage      Onion          Calabrese      Leeks

Source : Energy use in org. farming systems, MAFF, 2000Source : Energy use in org. farming systems, MAFF, 2000



Direct and indirect energy consumption Direct and indirect energy consumption 
in different t pes of stock breedingin different t pes of stock breedingin different types of stock breedingin different types of stock breeding

C = ConventionalC = Conventional
O = OrganicO = Organic

Source : Energy useSource : Energy use

C         O                    C         O                     C         OC         O                    C         O                     C         O

in org. farming in org. farming 
systems,systems,
MAFF, 2000MAFF, 2000
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C O C O C OC O C O C O
Dairy MJ/cow          Hillsheep MJ/100ewes      Sucklers MJ/cowDairy MJ/cow          Hillsheep MJ/100ewes      Sucklers MJ/cow

Source : Energy use in org. farming systems, MAFF, 2000Source : Energy use in org. farming systems, MAFF, 2000



Energy consumption by liter milk in Energy consumption by liter milk in 
organic and conventional productionorganic and conventional productionorganic and conventional productionorganic and conventional production

8000
Energy consumption

6000

7000
Energy consumption
(EQF)/1000 liter

4000

5000

3000

4000

1000

2000

0
Org. Ewe Conv. Ewe Org.goat Conv.goat

9Claude Aubert

Source : Lynch, Denmark



Greenhouse gases emissions Greenhouse gases emissions 
according to energy inputaccording to energy input
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0 5 10 15
Energy input (GJ/ha)

Hülsbergen, 2008



Organic versus conventional agriculture Organic versus conventional agriculture 
2 M h (CH4) i i2 M h (CH4) i i2. Methane (CH4) emissions2. Methane (CH4) emissions

The The emissionsemissions due to due to entericenteric fermentationsfermentations are are lowerlower in in 
r nir ni ri lt r p r h ndri lt r p r h nd ll inin m tm t p r kp r korganicorganic agriculture per ha, and agriculture per ha, and alsoalso in in mostmost cases per kg cases per kg 

milkmilk sincesince, in , in averageaverage, , organicorganic cowscows live longer live longer thanthan
con entionalcon entionalconventionalconventional
CompostingComposting ((aerobicaerobic fermentation) fermentation) reducesreduces the the 

i ii i dd f if iemissionsemissions due to due to manuremanure fermentationfermentation
ReduceReduce the the comsumptioncomsumption of of meatmeat fromfrom ruminantsruminants
remainremain the best the best wayway to to mitigatemitigate CH4 CH4 emissionsemissions
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GHG emissions by liter milk GHG emissions by liter milk 
according to the prod ction s stemaccording to the prod ction s stemaccording to the production system according to the production system 

and the nomber of lactationsand the nomber of lactations
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GHG GHG emissionsemissions by by solidsolid or or 
liquide liquide manuremanure

C 487 k CO2 / /Compost :        487 kg CO2eq/cow/year

Manure heap :   729 kg CO2eq/cow/year

Slurry : 1481 kg CO2eq/cow/yearSlurry : 1481 kg CO2eq/cow/year
Source : Pattey 2008
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Source : Pattey, 2008



Organic versus conventional agricultureOrganic versus conventional agriculture
3 Ni id (N2O) i i3 Ni id (N2O) i i3. Nitrous oxide (N2O) emissions3. Nitrous oxide (N2O) emissions

N2O N2O emissionsemissions varyvary stronglystrongly withwith severalseveral factorsfactors (type of (type of 
soilsoil, , humidityhumidity, , cropcrop, compaction…), compaction…),, yy,, pp, p ), p )
N2O N2O emissionsemissions increaseincrease rapidlyrapidly withwith the the levellevel of of nitrogennitrogen
fertilizationfertilization
ThereforeTherefore N2O N2O emissionsemissions are are lowerlower in in organicorganic thanthan in in 
conventionalconventional agricultureagriculture
BiologicallyBiologically fixedfixed nitrogennitrogen byby legumeslegumes emitsemits muchmuch lessless N2ON2OBiologicallyBiologically fixedfixed nitrogennitrogen by by legumeslegumes emitsemits muchmuch lessless N2O N2O 
thanthan nitrogennitrogen spreadspread as as fertilizersfertilizers ((mineralmineral or or organicorganic))
For exemple,  the production of For exemple,  the production of hayhay fromfrom tomithytomithy emitsemits 7 7 p , pp , p yy yy
times more N2O times more N2O thanthan the the samesame quantityquantity of of hayhay fromfrom cloverclover
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N2O emissions (in g N/ha) in 5 months N2O emissions (in g N/ha) in 5 months 
rdin t th t p f il nd thrdin t th t p f il nd thaccording to the type of soil and the according to the type of soil and the 

fertilizationfertilization
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No fertilization Bare soil Fertilized rape Over fertilized
rape

Source : Germon JC et col., 1999



N2O emissions from potato and forage N2O emissions from potato and forage 
crops according tocrops according tocrops according to crops according to 

N fertilization and previous cropN fertilization and previous crop
Treatment/crop/previous Treatment/crop/previous 
cropcrop

N2O emissionsN2O emissions
(kg N/ha/year)(kg N/ha/year)pp (kg N/ha/year)(kg N/ha/year)

Potato fertilizedPotato fertilized 14.314.3

Potato non  fertilizedPotato non  fertilized 4.04.0

Potato after cloverPotato after clover 4.94.9Potato after cloverPotato after clover 4.94.9

Potato after timothyPotato after timothy 8.18.1

CloverClover 3.93.9

TimothyTimothy 14 514 5
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TimothyTimothy 14.514.5
Source : Lynch, Canada



N2O N2O emissionsemissions in in termsterms of nitrate of nitrate 
content of thecontent of the soilsoilcontent of the content of the soilsoil

9
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Source : Sehy U (2004) N20 Freisetzungz landwirtschaftlich genutzer Böden unter den Einfluss Von Bewirtschaftung-
Witterungs- und Standort Faktoren. Dissertation TU-München-Weihenstephan, Institut für Bodenbiologie, 173 p.



Organic versus conventional agricultureOrganic versus conventional agriculture
4 C b i4 C b i4. Carbon sequestration4. Carbon sequestration

Most Most experimentsexperiments have have shownshown thatthat organicorganic agriculture agriculture 
sequestressequestres more more carboncarbon in the in the soilsoil thanthan conventionalconventional
agriculturreagriculturre ((betweenbetween 100 and more 100 and more thanthan 1000kg/ha/1000kg/ha/yearyear))
HoweverHowever organicorganic agriculture agriculture withoutwithout livestocklivestock and and withwith
poorpoor rotations rotations cancan desequestredesequestre carboncarbon
The best The best wayway to to sequestresequestre carboncarbon in the in the soilsoil isis the change the change 
in in soilsoil use : use : turnturn annualannual cropscrops to to grasslandgrassland or or forestforestpp gg
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Impact of fertilisation on carbon Impact of fertilisation on carbon 
content in the  solcontent in the  sol
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date
Source : Kahn SA et al. The Myth of  Nitrogen Fertilization for Soil Carbon Sequestration,
J Environ Qual, 36:1821-32, 2007



Carbon sequestration in the soil in organic and Carbon sequestration in the soil in organic and 
i l i l (l i )i l i l (l i )conventional agriculture (long term experiment)conventional agriculture (long term experiment)

Yearly Accumulation of Soil Carbon in The Rodale Institute's® Farming SystemsTrial® in 3 farming

1019
1200

Yearly Accumulation of Soil Carbon in The Rodale Institute s® Farming SystemsTrial® in 3 farming 
systems over 21 years 1981-2002.
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Manure Based Organic

Manure Based Organic Legume Based Organic Conventional 

Source: Rodale Institute



Potentiel of sequestration of carbonPotentiel of sequestration of carbon
by various agricultural practicesby various agricultural practices

No tillNo till 0 to 0,2  0 to 0,2  tCtC/ha//ha/yearyear

GreenGreen manuremanure 0 150 15 tCtC/ha//ha/yearyearGreen Green manuremanure 0,15 0,15 tCtC/ha//ha/yearyear

Animal Animal manuremanure or or composrcomposr 0,3 to  0,5tC/ha/0,3 to  0,5tC/ha/yearyear

P rm n ntP rm n nt rr rr (( i n rdi n rd ndnd r h rdr h rd )) 0 40 4 tCtC/h //h / rrPermanent Permanent grassgrass covercover ((vignardvignard and and orchardsorchards) ) 0,4 0,4 tCtC/ha//ha/yearyear

ImprovedImproved rotations, rotations, withwith legumeslegumes 0,2 0,2 tCtC/ha//ha/yearyear

Pl t ti fPl t ti f h dh d 0 10 1 tCtC/h //h /Plantation of Plantation of hedgeshedges 0,1 0,1 tCtC/ha//ha/yearyear

Conversion to Conversion to organicorganic agriculture  agriculture  0,1 to 0,7 0,1 to 0,7 tCtC/ha//ha/yearyear

Sources : INRA ;Fibl ; Rodale Reasearch center ; Foereid, 2004 ; West, 2002
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Carbon sequestration according to land use change

Number of  years
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Crop → Forest
Crop → Pasture

Pasture → Crop
Forest → Crop



Organic versus conventional agriculture Organic versus conventional agriculture 
5. Global Warming Power (GWP)5. Global Warming Power (GWP)

AddingAdding the the emissionsemissions of the of the threethree gasesgases (CO2, CH4 (CO2, CH4 
and N2O), and N2O), organicorganic agriculture agriculture emitsemits per haper ha 20% to 20% to 
80% 80% lessless thanthan conventionalconventional
The The emissionsemissions per tonper ton cancan bebe lowerlower or or higherhighergg
accordingaccording to the type of production and the to the type of production and the differencedifference
in in yieldyield betweenbetween organicorganic and and conventionalconventional productionproduction
TakingTaking in in accountaccount the the sequestrationsequestration of of carboncarbon, the , the 
emissionsemissions remainremain lowerlower in in mostmost cases, cases, alsoalso per ton, in per ton, in ,, p ,p ,
organicorganic productionproduction
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GHG emissions and carbon GHG emissions and carbon 
sequestration in organic andsequestration in organic andsequestration in organic and sequestration in organic and 

conventional farmsconventional farmsGHG emissions
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Carbon sequestration (kg CO2eq/ha/year)

Hülsbergen, 2008



GHG emissions in organic and conventional GHG emissions in organic and conventional 
production systems (DOC experiment Fibl)production systems (DOC experiment Fibl)production systems (DOC experiment, Fibl)production systems (DOC experiment, Fibl)
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GHG gases emission in  intensive and GHG gases emission in  intensive and 
extensive grazingextensive grazing (k CO2 /h /(k CO2 /h / ))extensive grazing extensive grazing (kgCO2eq/ha/an(kgCO2eq/ha/an))

Greenhouse gasesGreenhouse gases Intensive grazingIntensive grazing Extensive grazingExtensive grazing

CO2CO2 376376 13951395CO2CO2 -- 376376 --13951395

N20N20 130130 2020N20N20 + 130+ 130 + 20+ 20

CH4CH4 + 887+ 887 + 456+ 456

BilanBilan + 641+ 641 -- 919919
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Source : Soussana JJ, Sources et puits de gaz à effet de serre en prairie pâturée
et stratégies de réduction, INRA, 2004



Legumes, a key in the reduction of Legumes, a key in the reduction of 
GHG emission by agricultureGHG emission by agriculture

For the same amount of nitrogen, the emissions by For the same amount of nitrogen, the emissions by 
biologically fixed nitrogen are much lower than by biologically fixed nitrogen are much lower than by 
nitrogen fertilizersnitrogen fertilizers
The more nitrogen is fixed by legumes, the less mineral The more nitrogen is fixed by legumes, the less mineral g gg g
nitrogen (in conventional agriculture) is needed, nitrogen (in conventional agriculture) is needed, 
avoiding the emissions by the manufacture of this avoiding the emissions by the manufacture of this 
nitrogen and reducing the emissions by the soilnitrogen and reducing the emissions by the soil
Moreover, annual legumes sequestre carbon in the soil, Moreover, annual legumes sequestre carbon in the soil, , g q ,, g q ,
improve the soil and increase the yieldsimprove the soil and increase the yields
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GHG emissions per ton chemical nitrogen 
(ton CO2eq/ton N)(ton CO2eq/ton N)

Energy consumption by manufacture 2.7 tons CO2
N2O emissions by manufacture 4 0 tons CO2eqN2O emissions by manufacture 4.0 tons CO2eq
Direct N2O emissions by application 4.9 tons C02eq
Indirect applications by application 4.1 tons CO2eqIndirect applications by application 4.1 tons CO2eq
Total 15.7 tons CO2eq

Source :Aubert C (estimation )

28Claude Aubert

( )



N2O emissions by nitrogen fertilization N2O emissions by nitrogen fertilization y gy g
(kg CO2eq/kg N) (estimation)(kg CO2eq/kg N) (estimation)

ChemicalChemical nitrogennitrogen 1515kgkg COCO22eq/kgeq/kg NN
OrganicOrganic nitrogennitrogen 99kgkg COCO22eq/kgeq/kg NNgg gg gg q/ gq/ g
BiologicalyBiologicaly fixedfixed nitrogennitrogen 11 toto 22kgkg COCO22eq/kgeq/kg NN

Source :Aubert C (estimation )
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RapidityRapidity of infiltration of waterof infiltration of waterp yp y
in in organicorganic and and conventionalconventional soilssoils

Conventional Organic

Infiltration (%) 100 200( )
Earthworms 100 142
Humus content (%) 3 3 2 8Humus content (%) 3,3 2,8

Source : Lilienthal H Hochwasserschutz durch ökologische Bodenbewirtschaftung,
Paper presented  at the KTBL Conference « Klimawandel und  Ökolandbau, »
1-2 December 2008, Göttingen, Germany
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StabilityStability of of aggregatsaggregats in in organicorganic
andand con entionalcon entional soilssoilsand and conventionalconventional soilssoils

Aggregation (%)

Weeks of  precipitations
(15mm/hour)

Source : Fohrer N  Nutzung des Bodenspeicherungspotenzials als !Vorsorgemöglichkeir 
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g p g p g g
für Starkregenereignisse und TrockenperiodenPaper presented  at the KTBL Conference 
« Klimawandel und  Ökolandbau, » 1-2 December 2008, Göttingen, Germany



Mitigate the GHG emissions by Mitigate the GHG emissions by 
organic (and conventional) agricultureorganic (and conventional) agricultureorganic (and conventional) agricultureorganic (and conventional) agriculture

Some priority technical choicesSome priority technical choicesp yp y
Replace, as far as possible, nitrogen fertilizers by Replace, as far as possible, nitrogen fertilizers by 
bi l i l fi ti b i lbi l i l fi ti b i lbiological fixation by growing more legumesbiological fixation by growing more legumes
Feed the ruminants more grass and less maize silage Feed the ruminants more grass and less maize silage g gg g
and concentrate (grain, soycake)and concentrate (grain, soycake)
Improve the rotations (more legumes more greenImprove the rotations (more legumes more greenImprove the rotations (more legumes, more green Improve the rotations (more legumes, more green 
manure) manure) 
Compost animal dejectionsCompost animal dejections
Produce biogasProduce biogas
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Produce biogasProduce biogas



Impact of our food habitsImpact of our food habits
A few exemplesA few exemples

Producing 1 kg lamb or veal emits 30 times more Producing 1 kg lamb or veal emits 30 times more 
GHG than producing the same amount of proteins GHG than producing the same amount of proteins p g pp g p
as soybean or other legumesas soybean or other legumes
Eating fruit or vegetable imported by plane emitsEating fruit or vegetable imported by plane emitsEating fruit or vegetable imported by plane emits Eating fruit or vegetable imported by plane emits 
50  times more CO2 than eating the same thing 50  times more CO2 than eating the same thing 
locally producedlocally produced
Eating 1kg deep frozen french fries emits 5.7kg Eating 1kg deep frozen french fries emits 5.7kg at g g deep o e e c es e ts 5.7 gat g g deep o e e c es e ts 5.7 g
GHG (the same as driving 40km in an average car!) GHG (the same as driving 40km in an average car!) 
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GHG content of vegetable and animal foodGHG content of vegetable and animal food
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World production of meat from 
1970 to 2040 (projection)

(millions tons/year)
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9 0 980 990 000 0 0 0 0
Source : Livestock’s long shadow, FAO, 2006



Oil consumption (kg oil/kg) for Oil consumption (kg oil/kg) for 
vegetables according to the seasonvegetables according to the seasonvegetables according to the seasonvegetables according to the season

((for european consumers)for european consumers)

Green asparagusGreen asparagus

Green beans

ZucchinisZucchinis

TTomatoes

Mois de consommation
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GHG emissions from the soilGHG emissions from the soilGHG emissions from the soil GHG emissions from the soil 
to the plateto the plate

Home

Shopping by car

Home

Distribution

Stock breedingPackaging

Transport by trucks

S IFEN

Stock breeding

Food industry

Packaging
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Source : IFEN



Amount of CO2eq in our plate Amount of CO2eq in our plate 
according to our food habitsaccording to our food habitsaccording to our food habitsaccording to our food habits

Tons CO2eq emitted
per person and per year

5

6
Meat-based diet

Meat-based : meat at all meals,
beef, veal or lamb daily

4

5
Usual occidental: about
200g meat daily including

3
Usual occidental

diet

200g meat daily including 
50g beef, veal or lamb 

Plant-based: meat occasionaly,

2
Plant based 

diet Vegetarian
diet

mainly poultry

Vegetarian : no meat

0

1
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0
Source : C. Aubert, 2007



Area required to produce 1 kg animal orArea required to produce 1 kg animal orArea required to produce 1 kg animal or Area required to produce 1 kg animal or 
vegetable protein vegetable protein 
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Food habits changes to mitigate Food habits changes to mitigate 
GHG emissionsGHG emissions

EatEat lessless meatmeat, , especiallyespecially ruminant ruminant meatmeat ((beefbeef, , 
vealveal, , lamblamb)),, ))
EatEat lessless animal animal productsproducts in in generalgeneral
EE l ll l ddEatEat local local productsproducts
EatEat lessless processedprocessed and and frozenfrozen foodfoodpp
EatEat lessless packagedpackaged foodfood
EatEat more grain, more grain, legumeslegumes, , vegetablevegetable, fruit, fruit
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Conclusion (1)Conclusion (1)( )( )
Organic agricultureOrganic agriculture emits less GHG than emits less GHG than 
conventional agricultureconventional agriculture
O i i lO i i l ill i iill i iOrganic agricultureOrganic agriculture can still improve its can still improve its 
mitigation potential (better rotations, more mitigation potential (better rotations, more g p (g p (
legumes, energy savings, renewable energy…)legumes, energy savings, renewable energy…)
Ch i f d h biCh i f d h bi ( i l( i lChanging our food habitsChanging our food habits (organic, less meat, (organic, less meat, 
local…) is the easiest and least expensive way local…) is the easiest and least expensive way ) p y) p y
to mitigate our GHG emissionsto mitigate our GHG emissions
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Conclusion (2)Conclusion (2)( )( )

Divide by two, or more,  the GHG 
i i f i l d f demissions of  agriculture and food

is possible but it needsis possible but it needs
political and individual willp

to change agriculture and food habits
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Thank youy
for your attentionfor your attention
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