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Topics of the talk

 Global carbon cycle – carbon pools

 Carbon sequestration in soils

 Carbon sequestration and soil/land management

 Future prospects

Picture from:
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Questions

 Climate change – the role of soils?

 Source or sink?

 What can be achieved by improved soil management?

 What do we know, where are uncertainties?



Walter Wenzel, Alex Dellantonio www.boku.ac.at, www.rhizo.at15.02.2011 5

Global carbon cycle

Schematic overview global carbon cycle (Pools and Fluxes in 

Pg) (1 Petagramm = 1015 g =109 t)

Schils et al. (2008)
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Global C Pools

Global C Pools in Pg (1 Petagramm = 1015 g =109 t)

Schils et al. (2008)
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C Pools in European Soils

Soil C pools 

Austria: 1.2-1.4 Pg (1.5%)

Europe: 75.3-79.7 Pg

(Schils et al., 2008)
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Global C-Pools in soils
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C-Pools & Storage in soils

atmospheric C 
(CO2)

organic
carbon

inorganic 
carbon

Process:                Photosynthetic transformation of CO2 into biomass

6 CO2 + 12 H2O C6H12O6 + 6 O2 + 6 H2O

Time scale:      10 - 100 years 

hv

process:                silicate weathering

time scale:    >10000 years  

Mg2SiO4 + 4CO2 + 4H2O              2 MgCO3 + SiO2 + 2CO2 +2 H2O

so
il

biogeochemical processes
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C-storage & soil management

Schils et al. (2008)
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C-storage & soil management

 aim 

 CO2-storage by increase of organic matter in soil

 reduction of losses

 land management

 tillage

 fertilizing

 cover crops

 crop rotation

 organic matter input
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C-storage & soil management
Potentially successful measures for C-storage

Freibauer et al. (2004)
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C-storage potentials in the EU-15 in the first commitment-period Kyoto (Mt C y-1)

4.1

Total: 16-19 Mt C y-1

4.1
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C-storage & soil management

IPCC-factors, 20 years

Most studies seem to confirm the positive effect of reduced tillage, but…
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C-storage & soil management
…. different C-distribution in soil profile
…. meta analysis shows no significant differences (controversial debate among

mathematicians!)
…. large variations between studies
…. many studies < 20 cm depth

Cno-till > Ctill

Cno-till < Ctill

> 20 cm more C in tilled plots

Cno-till = Ctill

Sanderman and Baldock, 2010
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C-storage & soil management

50% of studies considered by IPCC end here

?

Analysis of 69 paired experiments:
- significant C-increase   0-10cm
- significant C-decrease 20-40cm

Luo et al., 2010

…. one more study shows no significant difference
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C-storage & soil management

 xxxx
30 cm

-> rhizodeposition (up to 50% of C)

Baker et al., 2007

…. overestimating of storage potential by IPCC?
…. on the other side negelecting additional potentials?
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C-storage & soil management

difference to natural undisturbed soil
„status quo ante“

both till and no-till have less C

-> base line?

Luo et al., 2010

„Dilemma of previous land use“
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C-storage & soil management

„dilemma of previous land use “

assumption
deltaC = 5 Mg C /ha in 5 years

only in case „C“ significant net 
sequestration

…. „dynamic view“

Difference: net sequestration vs. avoidance of emissions!

Sanderman & Baldock, 2010
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C-storage & soil management

without considering changes in bulk density 
-> 
„plowing effect“ ~ 5,6%

several studies neglect this fact

Methodological problems estimating C-pools



Walter Wenzel, Alex Dellantonio www.boku.ac.at, www.rhizo.at15.02.2011 20

C-storage & soil management

All GHG have to be considered (CH4, N2O)

Rochette et al. 2008 
„No-till can result in incremental N2O emissions that can more than offset the 
soil CO2 sink during the first year of adoption in a heavy clay soil“

Li et al. 2005
„Reduced tillage, enhanced crop residue incorporation, and farmyard manure 
application:
- increased soil C-sequestration, 
- increased N2O emissions, 
- had little effect on CH4. 
Over 20 years, increases in N2O emissions offset 75–310% of the carbon 
sequestered, depending on the scenario. 

Methodological problems estimating C-pools
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C-storage & soil management

My talk should:

A) not be understood as a „defence of the plow“

several advantages of reduced tillage:
- erosion
- fuel consumption
- most likely increase of soil C 

B) not be understood as a „belittling of the importance of humus“:
- fertility
- flood protection
- nutrient cycling
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Conclusions

applying a set of measures has proven successful
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Conclusions

 long term sustainable policies (>20 years)

 permanent measures (losses of CO2 and N2O)

 always check for unwanted effects (N2O or CH4 emissions, net 
balance!)

 large uncertainties in determining C storage

 consider saturation of C-pools in soils depending on soil type, 
climate etc

 ground water protection (175 kg N!) -> no indiscriminate application 
of organic matter when it comes to emissions trading
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Thank you for 
your 

attention
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