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

Galloway JN and Cowling EB. 2002

The fate of nitrogen
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N Fertilizer 
Produced

N Fertilizer 
Consumed

N 
in Crop

N 
Harvested

N
in Food

N
Consumed

-6 -47 -12

100 144794 2631

-5-16

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

The fate of nitrogen
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Global human population and meat production
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Closed nutrient cycles

Man labor

Intensive agriculture

Industrialisation

Historical development
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N Fertilizer 
Produced

N Fertilizer 
Applied

N 
in Crop

N 
In Feed

N
in Store

N
Consumed

-6 -47 -3

100 44794 731

-24-16

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

The fate of nitrogen
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Poultry density
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The global nitrogen cycle
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The Global Nitrogen Budget in 1860 and mid-1990s, TgN/yr
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Nr deposition in 1860 and 1993 [mg m-2 yr-1]
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Nr deposition in 1860 and 1993 [mg m-2 yr-1]
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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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Hours days Weeks months years decades centuries

materials
climate change

Vegetation changes
soil processes

forest ecosystem 
health

soil nutrient reserves

Carbon sequestration

air concentrations
visibility

Deposition
health (acute) health (chronic)

aquatic (episodic) aquatic (chronic)
plant responses

Ecological and social consequences of Nr
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The Nr cascade
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N2O

IPCC 2007
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Industrial sources

Agriculture, forests, ozeans

Soils: 60-70%

N2O

Atmospheric N2O concentrations
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N2O-sources 

Relative 
contribution to 
all identified 
sources [%] 

 
 

Tg (1012 g) N2O-N a-1 

Natural N2O 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 N2O 
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 N2O sources  16.2 (6.4-34.4) 
    
N2O sinks and atmospheric increase   
Stratospheric destruction 12.3 (9.0-16.0) 
Removal by soil microbes ? (?) 
Atmospheric increase  3.9 (3.1-4.7) 
 

IPCC 2001, 2007

Sources and sinks of N2O
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Complexity of Nr reactions in soils
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Nitrification

NH4
+NH2OH NO2

- NO3
- NO3

-

NO N2O

Denitrification

NO3
-NO2

-  NO  N2O N2

N2ONO

N2NH4
+

Plant and microbial
uptake/immobilisation/

conversion

Davidson et al., 1993, 2000

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

N trace gas production in soils
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N trace gases and ecosystem N cycling
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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 N2O exchange ?

case study: Steppe ecosystem of Inner Mongolia
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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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Global importance of the biome type „grassland “

 

Boreal Forest
17%

Temperate
Forest 8%

Temperate
Grassland 13%

Savanna
10%

Tropical
Rainforest 13%

Mountains
6%

Desert
19%

Scrub
3%

Tundra
11%

10.8%

17.8%

39%

32.4%
Forest

Grassland

Agro-
ecosys.

Other
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• Regional hydrology
• Central database

Justus-Liebig University
Department of Agriculture and Environmental Protection, Giessen

• Ecophysiology
• Isotopic signatures

Lehrstuhl für Grünlandlehre

• SOC dynamics
• Soil aggregation

Lehrstuhl für Bodenkunde

Technical University Munich

• Microbial turnover
• Trace gas exchange

Forschungszentrum Karlsruhe
Institute for Meteorology & Climate Research (IMK-IFU), Garmisch-P.

• Remote sensing
• Precipation

German Meteorological Service
Meteorological Observatory Lindenberg

• Winderosion on local and 
regional scales

Leibniz-Centre for Agricultural Landscape Research (ZALF)
Institute of Soil Landscape Research, Müncheberg

• CO2/H2O exchange
• Remote sensing

Technical University of Dresden
Institute for Hydrology and Meteorology, Dresden

• Animal productionInstitute of Animal Nutrition and Physiology

• Grassland science
• Feed quality

Institute of Crop Science and Plant Breeding

• Soil hydrology
• Soil physics

Institute for Plant Nutrition and Soil Science

• Plant production
• H2O/N interactions

Institute for Plant Nutrition and Soil Science

Christian Albrechts University

Research teams within MAGIM
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Location of the target region
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Focus of MAGIM - I
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IMGERS

MAGIM core sites
Hydrological
measuring points
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Climatic constraints

 The climatic conditions limits NPP and make the steppe 
vulnerable to land use changes and grazing intensification

166.12005

324.62004

371.32003

343.4Mean

Precipitatio
n [mm]
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Grazing pressure and degradation
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Grazing

Soil properties

Plant production

Microbial turnover

Nutrient export

Species composition Biosphere/atmosphere

Site/regional hydrology

Erosion

Feed quantity and quality

„Sustainable“
Management
• Meat/wool
• Biodiversity
• Water
• Erosion
• Atmosphere
• …….

Grazing effects
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Degradation process

1.5 sheep/ha9.0 sheep/ha

September 2006

Steppe degradation
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grazed
Scheme of N fluxes at the plot scale

ungrazed

SOM Mineral. Nitrific. Denitrific.
N2O
NO

N2

N2O
NO

N2

NH3

SOMNH4
+ NO3

- NH4
+NO3

-

Shoots

Roots

Shoot

Root

Sheep
uptake

Hypothesis 1:
Grazing

reduces plant 
N uptake

Hypothesis 2:
Grazing

increases soil N 
cycling

Hypothesis 3:
Grazing increases

N trace gas
production

Hypothesis 4:
Grazing reduces
non-symbiotic N2-

fixation by
cyanobacteria

Hypothesis 1:
Grazing

reduces plant 
N uptake

Hypothesis 2:
Grazing

increases soil N 
cycling

Hypothesis 3:
Grazing increases

N trace gas
production

N2 fixation by
cyanobacteria

N2 fixation b
cyanobacter

Excretion
at the field

Mineral.Nitrific.Denitrific.
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Plant N uptake: No significant differences between grazed 
and ungrazed sites
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Gross N turnover rates: Significant differences between 
grazed and ungrazed sites
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Soil N availability: Significantly higher NO3
- availability 

at the ungrazed site
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N2O fluxes: Very low and no significant differences 
between sites
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N2O fluxes: Faeces/ urine additions have a minor 
effect

H
ol

st
 e

t a
l.,

 2
00

7,
 P

la
nt

 &
 S

oi
l



K. Butterbach-Bahl | Nitrogen Balance in Various Ecosystems –Hohenheim | 03/11/08

KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

NO

N2O
N2

Nitrification

Denitrification

0 20 40 60 80 100
WFPS

M
ag

ni
tu

de
of

 N
 g

as
 e

m
is

si
on

s

-5 0 5 10 15 20 25

N
2O

-E
m

is
si

on

Temperature [°C]

Anomalie due to 
decreased O2 
availability and 
additional 
substrat supply

Anomalie due to 
increased
O2 consumption

Temperature effect

Öquist et al., 2004, 
FEMS Microb. Ecol.

N2O fluxes: Are winter fluxes low too?
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Holst et al., 2008, Plant & Soil

N2O fluxes: Are winter fluxes low too?
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N2O fluxes: soil gas concentrations
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N2O fluxes: Soil gas concentrations and emissions
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Hypothesis: 
The landscape position has a major influence on 
C and N trace gas fluxes in steppe ecosystems.

Hypothesis could not be confirmed. 
Only very close to the river trace gas emissions
were significantly enhanced.

N2O fluxes: Rather low landscape variability
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Biological N2 fixation: Low but significant
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Sheepfolds are 
temporarily large 
point sources of 

CO2, CH4 and N2O

What happens with the N exported?
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Management related N2O emissions can dominate
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Summary

• Grazing management has largely affected N cycling and, 

thus, N2O emissions from steppe:

• decreasing winter emissions

• increase in N2O emissions from sheep folds

• Understanding of N2O fluxes on a regional scale requires

an understanding of regional N cycling


