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Importance of SOC at global scale
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Atmosphere 730+
§ Vegetation 470-655
Soil (0-30cm) ~700
Soil
(1m) 1500-2000

Values in Gt C (1Gt=10°t =1 Pg)
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Importance of LULUCF to the radiative forcing
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Importance of LULUCF to the radiative forcing
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Importance of LULUCF to the radiative forcing

/ Radiative forcings* by main sector \
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Carbon Balance at the plot scale
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LULUCF Carbon Sequestration at the plot scale

o
C02 220/0 —p |t Must be computed all 3 gases and
CH4 55% reported using the same equivalent

N,O 80%

Global Warming Potential (GWP)

CO, Equivalent
CO, | CH, | N,O 1 kg CH, = 23 kg CO,eq

1 kg N,O = 296 kg CO.,eq

! 23 296 C Equivalent

] 1 kg C-CH, = 8.4 kg Ceq
1 kg N-N,O = 126.9 kg Ceq
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*Rates of land use change is greatest
In the tropics

»*Feed 70% of the population
(Lal and Sanchez 1992)

*Increasing demand for land will be
met by converting forest and
pasture (C release)

s~ 26% of global SOC stocks are In
the tropics (Batjes 1996)

Relatively little information on soils
and how they react to land use
change

The Tropics
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Carbon sequestration and international effort

>
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The Kyoto Protocol - CO, emissions can be offset against
carbon removal from the atmosphere

1St commitment period: 2008 — 2012

Article 3.3: forestry activities

Article 3.4: management of agricultural soils

Changes before 20087

UNFCCC -Inventories of CO, emissions from LUC

Soils sources/sinks C?
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Carbon sequestration and international effort

Kyoto
Protocol

We need more scientific knowledge
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Global distribution of soil organic carbon: native condition
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T . ) ) .. Known knowns
Global distribution of soil organic carbon: native condition

= ﬁea& % | Global soil orgahic’éarbon= 700 Pg

Tropical ecosystems ~ 26% or 180 Pg
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WRI, 2000 (FAO, 1995 & Batjes, 1996)
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Decline in SOM ——) GHG emissions

GHG
CO, N,O0 CH,

Carbon inputs and
SOM decomposition

rates are higher in
the humid tropics

DEFORESTATION Time
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Sources of GHG emissions _

Agriculture and land use change

Fossil fuel Fossil fuel
combustion . busti
Global Brazil combustion

78% 22 75 25%
55 91
80 94

Global ranking

Only fossil fuel combustion: 17t
GHG in Brazil

Fossil fuel combustion
+ 5th
Agriculture and land use change
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Survey data Soil carbon modelling
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Known knowns

 Estimates of soil organic carbon (SOC) stocks for the Brazilian
Amazon obtained from different studies (Cerri et al. 2006, AEE subm.)

Source Soil layer SOC stocks
(cm) (Pg)
Moraes et al. (1995) 0-20 21
Batjes & Dijshoorn (1999) 0-30 25
Bernoux et al. (2002) 0-30 22.7+2.3
Batjes (2005) 0-30 23.9-24.2
GEFSOC project*
Century 0-20 32.6
RothC 0-20 27.0
IPCC 0-30 26.9

* Estimates for the year 2000 and includes land use changes
and management practices

« Estimates of SOC stocks and changes remain fraught with uncertainty,
irrespective of scale.
This uncertainty should be quantified (Falloon and Smith, 2003).
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energy Known knowns.

Ethanol Biodiesel

’." -

sugarcane soybean Castor-oil plant
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GlobM Known knowns.

CO,
/ Fotosynthesis
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Biodiesel and the Carbon Cycle

Reduced

Smog
Transesterfication And CO,

Used or Process
Waste Oil s

Oil Extraction
and Use

CO, in the
Atmosphere

Oil seed (ie. Canola)
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combustion

Combating
land degradation
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Increasing
soil productivity
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Soil organic matter
IS much more than
a potential sink for
storing excess CO,

biologically,

iIssions

Em
Sequestration

it iIs most useful
when it decays
(Janzen 2006)
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T : : . oy Known Unknowns
Global distribution of soil organic carbon: native condition W W
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Known Unknowns

w25

Slash & burn

Soil C

Known
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R . . : Known Unk
Global distribution of soil organic carbon: anthropgenic use nown LnKNOwns

Organic carbon
kg.m-2

<2
L 12-4
L 14-8

' 8-12
C112-16
e 16 - 20
T 20 - 40
. 40 - 80
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Carbon sequestration/GHG: full account Known Unknowns
Example of N,O
100 Kg N ha™’
1 1T : x 296 (GWP)
1 year = 580 ki CO.eq
Soil C Soil C 158 kg Ceq ha1 yr-1

AC > 158 kg ha! yr'! to have a benefit

N,O emissions can be greatly influenced by land management and difficult to predict
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SOC origin Known Unknowns

One origin

DEFORESTATION Time
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Known Unknowns
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The most difficult part!!
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Is it possible to enhance C sequestration by
changing soil microorganisms, plant biochemistry
and/or belowground allocation by plant?

Biotechnological improvement

Do we know all about those??
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Do we know all about plant?? _

Vol 43912 January 2006|doi:10.1038/ nature04420 nature

LETTERS

Methane emissions from terrestrial plants under
aerobic conditions

Frank Keppler', John T. G. Hamilton®, Marc Braft'”’ & Thomas Réckmann'>’

Here we
demonstrate using stable carbon isotopes that methane is readily
formed in situ in terrestrial plants under oxic conditions by a
hitherto unrecognized process. Significant methane emissions
- ' - R ' r—

We suggest that this newly identified source may
have important implications for the global methane budget and
may call for a reconsideration of the role of natural methane
sources in past climate change.
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Feedbacks

Example CLIMATIC CAUSE-AND-EFFECT (FEEDBACK) LINKAGES

SOLAR RADCIATION | ABSORBED SUMLIGHT | L AND, W ATER
ALE!EDI:I
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FRESSURE GEADIEMT

VERTICAL WIND =~ HORIZONTAL WIND-—___ | SENSIELE HEAT + FiO-
= TENTIAL EMERGY FLUX

SURF ACE ROUGHMESS CURRENTE__ LATITUDE OCE AN FLUY © MIXING DEPTH

& diagram by Sellers shows the rmany cause—and-effect linkages that rmust be
accounted for in a comprehensive climate rmodel.

How will global warming, through its effects on carbon inputs (quantity and
guality) and soil C mineralization, affect soil C stocks ?
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Adding residue and N stimulated fungi which seemed to have _

Inhibited C mineralization...... Why?

CO, CO,
‘ Plant C

Fungi % m

SOM

Enhanced
Rice et al 2006 Aggregation
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Food Security

How will future “soil C sequestration/greenhouse gas emissions” impact on
food security and livelihoods?
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Knowledge of SOC stocks and changes is needed to
devise plans for:

* The sustainable management of ecosystems
*The mitigation of GHG emissions

*The likely impacts of climate change on
solls/ecosystems in the future
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Our grandchildren still have problems to study...




