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Timeline of Global Reactive N Creation by Human Activity
1850 to 2000
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The fate of nitrogen ﬂ(IT
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The fate of nitrogen ﬂ(".

N Fertilizer N
Produced Consumed

14% of the N produced in the Haber-Bosch process enters the
human mouth..........

Galloway JN and Cowling EB. 2002
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The fate of nitrogen ﬂ(".

N Fertilizer N Fertilizer N N N N
Produced Consumed in Crop Harvested in Food Consumed
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14% of the N produced in the Haber-Bosch process enters the
human mouth.......... If you are a vegetarian.

Galloway JN and Cowling EB. 2002
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Global human population and meat production Q(IT
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Historical development

Closed nutrient cycles
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The fate of nitrogen ﬂ(".

N Fertilizer N Fertilizer N N N N
Produced Applied in Crop In Feed in Store Consumed

O (Or@rOv0re

4% of the N produced in the Haber-Bosch process and
used for animal production enters the human mouth.

Galloway JN and Cowling EB. 2002
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Poultry density
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The global nitrogen cycle ﬂ(lT

Warlsruhe Institute of Technology

KIT — die Kooperation von ‘
Forschungszentrum Karlsruhe GmbH HELNMHALTE f in der Helmholtz-Gemeinscha

I- Forschungszentrum Karlsruh



The Global Nitrogen Budget in 1860 and mid-1990s, TgN/yr ﬂ("’

1860

mid-1990s

Galloway et al., 200:
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Nr deposition in 1860 and 1993 [mg m=2 yr-i] ﬂ("'

Nitrogen is emitted as NOx to the atmosphere by fossil fuel combustion
Nitrogen is emitted as NH; and NOx from food production.

Once emitted, it is transported and deposited to ecosystems.

In 1860, human activities had limited influence on N deposition.

Gallowray et al.. 20030
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Nr deposition in 1860 and 1993 [mg m-2 yr-] ﬂ("'
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Nitrogen is emitted as NOX to the atmosphere by fossil fuel combustion
Nitrogen is emitted as NH; and NOx from food production.

Once emitted, it is transported and deposited to ecosystems.

In 1860, human activities had limited influence on N deposition.

By 1993, the picture had changed.

Gallowray et al., 2003k
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Nr creation 1995 (left) and 2050 (right) [Tg N yr-1]
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Nr creation 1995 (left) and 2050 (right) [Tg N yr-1]
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Ecological and social consequences of Nr ﬂ(“’

Karlsruhe Inslitute of Technology
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The Nr cascade
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Atmospheric N,O concentrations ﬂ(IT
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Sources and sinks of N,O

N,O-sources

Relative
contribution to
all identified
sources [%]

Tg (10%? g) N,O-N a™

Natural N,O sources

Ocean 18.5 3.0 (1.0-5.0)
Tropical soils
Wet forests 18.5 3.0 (2.2-3.7)
Dry savannas 6.2 1.0 (0.5-2.0)
Temperate soils
Forests 6.2 1.0 (0.1-2.0)
Grasslands 6.2 1.0 (0.5-2.0)
Anthropogenic N,O
sources
Agricultural soils 20.4 3.3 (0.6-14.8)
Biomass burning 3.1 0.5 (0.2-1.0)
Industrial sources 8.0 1.3 (0.7-1.8)
Cattle and feedlots 13.0 2.1 (0.6-3.1)
Total N,O sources 16.2 (6.4-34.4)
N,O sinks and atmospheric increase
Stratospheric destruction 12.3 (9.0-16.0)
Removal by soil microbes ? (?)
Atmospheric increase 3.9 (3.1-4.7)

KIT — die Kooperation von
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Complexity of Nr reactions in soils ﬂ(“'
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N trace gas production in soils ﬂ(IT

Denitrification

N trace gas emission =
* Rate or mass flow through the pipes
» Leaks through holes

Davidson et al., 1993, 2000
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N trace gases and ecosystem N cycling ﬂ(“'
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How have regional and global changes in management
and N use affected nitrogen cycling in natural and semi-

natural systems and associated N,O exchange ?

—>case study: Steppe ecosystem of Inner Mongolia
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Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate

MAGIM

An Interdisziplinary Sino-German Research Project on
Effects of Grazing on Matter Fluxes in Grasslands of

Inner Mongolia

Klaus Butterbach-Bahl

Institute for Meteorology and Climate Research

Garmisch-Partenkirchen, Germany
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Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate = : g(IT
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Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate ; " :g(IT

Warlsruhe Institute of Technology
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Matter fluxes in grasslands of Inner Mongolia as influenced by stocking rate . :g(IT

Warlsruhe Institute of Technology
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Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate
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Matter fluxes in grasslands of Inner Mongolia as influenced by stocking rate

Precipitatio
n [mm]
Mean 343.4
2003 371.3
2004 324.6
2005 166.1

-> The climatic conditions limits NPP and make the steppe
vulnerable to land use changes and grazing intensification
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Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate " :g(IT
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Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate = : g(IT
F— ; - Warlsruhe Institute of Technology
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Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate

Steppe degradation
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Mattar fluxes in grasslands of Inner Mongolia as iniluenced by stocking rate = - : J(IT
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\/ Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate . :g(IT
T P%nt N uptake: NO Significant differences between grazed ¥arlsruhe Institute of Technology

ungrazed sites
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Shoot N uptake [g N m™]
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Giese et al.




Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate

ross N turnover rates: Significant differences between

grazed and ungrazed S|tes :
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Holst et al., 2008, Ecosystemsc




T - Matter fluxes in grasslands of Inner Mongalia as influenced by stocking rate r—
"‘l oil-N availability: Slgnlflcantly higher NO avallab|I|ty ﬂ(IT
at the ungrazed site :

warlsruhe Institate

Data from resin cups.

2004 = ,normal” precipitation

2005 = extremely dry
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Giese et al., Univ. Kiel, Inst. Plant Nutrit. Soil Sci.




Matter fluxes in grasslands of Inner ruh-n-n ul,a mllu&nned b, stocking rate - : g(IT
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Matter fluxes in grasslands of Inner Mongolia as mllu&ru:ali by stocking rate

N,O fluxes: Are winter fluxes Iow too’7
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N,O fluxes: Winter fluxes-and the-annual budget
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N,O fluxes: soil gas concentrations
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N,O fluxes: Rather low landscape variability
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Biological N, fixation: Low but significant
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What happens with the N exported?
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Summary

« Grazing management has largely affected N cycling and,
thus, N,O emissions from steppe:
e decreasing winter emissions
 increase In N,O emissions from sheep folds
» Understanding of N,O fluxes on a regional scale requires

an understanding of regional N cycling
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