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1 TER
... Soil resource and availability

Total land surface area of the earth: 13 Bill. ha

Farmland

1.44 Bill. ha (17 % irrigated)
11 % Rest including
wasteland and
urbanized land

Permanent 4.35 Bill. ha
grassland
and pasture
3.36 Bill. ha
Forested land 3.89 Bill. ha @'HELMHOLTZ
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES
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Soil and water resources under pressure:
biomass production for food, feed, fiber,
and energy
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Agriculture i1s based on Pedosphere
- Pedosphere interlinks all terrestrial environmental
processes.

- Pedosphere is dynamic in function of time and
space.

- Pedosphere is affected by climate change, landuse
and land management changes.
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CT Pedosphere « Soil Functions:

= Nutrient Cycle

= Water Budget

= Biodiversity and Habitat
= Filtering and Buffering

= Physical Stability and Support

/ﬁ' HELMHOLTZ
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Pedosphere « Scientific Challenge:

» Understand and control storage, filter, buffer, degradation,
and inactivation functions of soils and their maintenance
and optimized use in resource conserving systems.

= Process Understanding

= Management Options

ﬁ HELMHOLTZ
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Catchment scale (macro)
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Pedosphere: Parameters, Instruments, Methods

= ca. 17 Parameters and 18 Instruments/Methods

/ﬁ' HELMHOLTZ
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Example:
Characterizing C and Water fluxes at the field scale

Electrical Resistivity L-Band Infrared Eddy CO, efflux
Tomography Radiometry Thermography  correlation chambers

TATET Pl sbn "4 . Pr—
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230 . 28.08 A T
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2D/3D spatial spatial distribution of spatial distribution of
distribution of water / surface temperature / local soil respiration
content spatially spatially
averaged near averaged CO,
surface water and water flux
content

+ invasive methods e.g. multi-step outflow, TDR, temperature pm@ﬁ%:&m&



T-RENO

TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Atmospheric
Pool

780 Pg
(+ 4.1 Pgflyr)

Geologic Pool

™ Coal =3510 Pg
Qil =230 Pg
Gas = 140 Pg
* Others =250Pg

Biotic Pool

« Wood : 400-500 Pg
« Non-Wood : 100-150 Pg

S 2 of emission

' 9.1 Pglyr
I Pedologic Pool _
(1 m depth) 0.4-0.6 Pgfyr Oceanic Pool |
P > Up to 1940:
» Soil Organic Carbon = 1550 Pg Sediment . Surfaoedh ; 900 Pg (+1.8 pgfyr) O, emissions
i ic Carbon =950 P * Intermediate an
: i?tltlei.norgamc o =40-80ng : Deep Ocean 37,100 Pg (+10 pg/yr) rom land use change
+ Peat = 150 Pg Weathering |« Manne Biotic 3
0.2 ng}’r g * Surface Sediments 150 Owad ays:

18% land use change
82% fossil fuel combustion

Pg = 105
after Lal, R.: Energy Environ. Sci., 2008, 1, 86-100 ON
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Soil Organic Matter and Climate Change

CT-Pedosphere aimes at regional assessments

Will climate change: Will soil processes:
1. Amplify SOM depletion 1. Have mitigative impact
2. Exacerbate soil erosion 2. Adversely impact agronomic yield
3. Alter gobal C cycle 3. Increase the land-based
more drastically C sink
4. Affect NPP through CO, 4. Decrease SOM pool
fertilization effect through C-input in soil at

high temperatures

ﬁ HELMHOLTZ

after Lal, R.: Energy Environ. Sci., 2008, 1, 86-100
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Direct benefits of an increasing
SOM Pool

1. Improves soil structure
2. Reduces erosion

3. Decreases non-point

source pollution

Purifies water

Denatures pollutants
Increases plant available water
Stores plant nutrients
Improves crop/biomass yield

© 0 N o O bk

Provides food/energy for soil biota
10.Buffers impact of perturbation

on soil properties
ﬁHELMHOLTZ

after Lal, R.: Energy Environ. Sci., 2008, 1, 86-100 | ASSOCIATION
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Indirect benefits of an increasing
SOM Pool

1. Sequesters atmospheric CO,
Enhances soil’s ability to oxidize CH,

o

Restores degraded ecosystems

Increases soil/terrestrial biodiversity

Enhances use efficiency of water and nutrients
Improves wild life habitat

Decreases nutrient and water loss from the ecosystem
Enhances ecosystem resilience

© 0 N o O bk

Strengthens recycling mechanisms
10. Improves the environment

after Lal, R.: Energy Environ. Sci., 2008, 1, 86-100 /ﬁ' HELMHOLTZ
| ASSOCIATION
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Fossil fuel emissions can be offset by 10-15% by
a global increase of the C sink capacity of soils

(0.6 — 1.2 Pg per year for 25-50 years necessary!)
—_— " S 7 //_—\
Rl N AR T
via restoration of degraded soils and adoption
of recommended management practices e.g. conservation tillage

'Hypothesis: Conservation tillage influences the fate of
pesticides in soil.
| ' !

Pedologic Pool
(1 m depth)

0.40.6 Pefyr Oceanic Pool

» Soil Organic Carbon = 1550 Pg Sediment : isutgr;aﬁidiate g 900 Pg (+1.8 pgfyr)

» Soil Inorganic Carbon = igOSEgP Il)leep Ocean 37,100 Pg (+10 pg/yr)
* Litter g g Weathering ¢ Marine Biotic 3

« Peat = 150 Pg . R

0.2 Pg/yr « Surface Sediments 150

after Lal, R.: Energy Environ. Sci., 2008, 1, 86-100 ON




Lysimeter experiment with radiolabelled
Metribuzin in Piracicaba, Brasil

(residual data shown: 25 months after the application, applied
amount = 100%)

No tillage (23 years) Conv. tillage o S
C I
Lysimeter % of apol. % SN
L1 or app L3 % of appl. H,C I
O N 5—CH,
47.1 31.8 "
Metribuzin
L2 L 4
44.7 BEN
ﬁHELMHOLTZ
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Indirect benefits of an increasing
SOM Pool

1. Sequesters atmospheric CO,
2. Enhances soil’s ability to oxidize CH,

after Lal, R.: Energy Environ. Sci., 2008, 1, 86-100 /ﬁ' HELMHOLTZ
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L
worldwide!
Riilps-

Sauger

Um die 500 Liter Methan pro
Tag, das macht dann bei ge-
schitzten 1,3 Milliarden Kii-
hen weltweit. . . Nun, jeden-
falls sehr viel Treibhausgas,
hoch wirksames Treibhausgas
zumal. Methan ist in der Erdat-
mosphire etwa 23-mal so kli-
mawirksam wie das viel zitier-
te Kohlendioxid. Es kommt
nur nicht aus Schloten und
Auspuffen, sondern unter ande-
rem aus dem Verdauungstrakt
von Kiihen, wo mehrere Kilo-
gramm Mikroben daran arbei-
ten, die Nahrung zu zersetzen.
Diesen Vorgang quittiert eine
Kuh etwa alle 40 Sekunden
mit einem Riilpser. Argentini-
sche Forscher vom Nationalen
Institut fiir Agrarforschung in
der Nihe von Buenos Aires

en/m rschungsbedarf
d Riilps-
Staubsauger éatwickelt, der

die Abgase einer Kuh zum
Zwecke weiterer Analysen in
einem Beutel auffingt. Das

i glyes .
sagriculture
ben des Weltklimarats IPCC

die Hilfte des weltweiten Me-
than-AusstoBes aus der Land-

wirtschaft. Fofo: Reuters
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