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From no N problem to different N problems
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(M) Louis Bolk . : :
./ Instituut Origin of life: nitrogen played a key role
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N helped fix Carbon to organic matter in oceans leading to bacteria formation
N can accept and discharge electrons: basis for amino acids



Lf o Allorganisms need food to survive and
Instituut Nifrogen is an essential component

Insufficient protein in the diet may
prevent the body from producing
adequate levels of peptide hormones
and structural proteins to sustain normal
bodily functions
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-r. hﬁ??ﬁlk First known settlements 10.000 BC
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Agriculture arose where valuable domesticable crops were native, other areas
proved more productive when domesticates intfroduced Diamond et al. 2003



Louis Bolk Natural sources of reactive
Instituut ni’rrcgen
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« Roger Bacon (1249) infroduced gunpowder \ﬂ@ ’f’% ,IE
« 1600: Demand for salpetre : Sweden nitre beds - soil, sheep s 3 : E
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./ Instituut Justus von Liebig: N-limitation in agriculture

Minimum

Justus von
Liebig (1803—

1873) Law of the minimum:

The element which is in shortest supply limtits the yield
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To: cities Industrialization specialization 9
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Louis Bolk The Haber-Bosch process:
Instituut 110 years of fertilizers
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How a century of ammonia synthesis
changed the world

0N 13 Cctober 1208, Fritz Haber filed his patent ¢n the “synthesis of ammoenia from is elements”
for which he was later awarced the 1918 Nobe! Prize n Chemistry. Ahundred yearscnwe iveina
worid transformed by and highly dependent upon Haber-Bosch nitrogen
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http://www.basf.com/

48% of the population lives
because of fertilizers.

Dr. J. W. Erisman

Erisman, J. W,, Sutton, M. A,, Galloway, J., Klimont, Z., & Winiwarter, W. (2008). How a century of ammonia
synthesis changed the world. Nature Geoscience, 1(10), 636-639
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LD Instituut Why care about nifrogene

\ Climate Change
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Atmospheric ,( ' o A Stratospheric
Aerosol k‘ .‘ '- Ozone
Loading v | Depletion
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Biodiversity

Change in
Land Use

Cyc
Rockstrom et al. 2009 Nature
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Instituut Nifrogen changed our food system

Natural N levels:
Rich biodiversity

Soll life
unused

MET
MYCORRHIZA

More biomass :
(= food): e !

more nitrogen;
Haber-Bosch

Law of diminishing
returns;

Increasing
environmental
losses
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Changes in meat production
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./ Instituut Nitrogen Use Efficiency

Nitrogen Use Efficiency, NUE:
NUE = N consumed/New N input

New N input:

- Fertilizer

- BNF
Transport/energy
Import - export
Natural deposition
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LE Louis Bk NUE higher with lower per
./ Instituut capita input
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The impact of food choices on a N
footprint
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Instituut Nitrogen effects: fertilization the biosphere
N—poor 'semijnq’rrol ecosystems

Bidiversify forest lichen
N-rich ecosystems
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Loss of: forest biodiversity | Iiéhes 18



' Louis Bolk ) )
L_-/ Instituut Nifrogen stimulates all growth

David,
Michelangelo Buonarroti (1475 - 1564)
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Louis Bolk  Global Fertilizer N Demand by RCP (climate
Instituut ScenOriO)
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RISK MANAGEMENT RESILIENCE

* Focuses on single risks » Concerns whole system
* Aims for short-term security » Aims for long-term security
» Requires direct intervention » Requires indirect management
* Needs continuous monitoring » Self-regulating
« Eliminates variability * Makes use of variability
« Seeks static equilibrium » Seeks dynamic equilibrium

Erisman et al 2015, Nature
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Lﬁ nstituur . Nature based agriculture
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(Bron: Stichting Van Akker naar Bos)

° . Soall, landscape and hydrology to determine ‘ .
/ \ food production system
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Functional
Agrobiodiversity
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b Louis Bk Nature based / agroecological food
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Nature based / agroecological food
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Nature based / agroecological food
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Landscape
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° Agrobiodiversity
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FrieslandCampina tio diversity

Biodiversity monitor
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Specific species 06
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Erisman ef al. 2016
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Businessmodels and landscape diversity
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Smarter diets

Healthier diets
Less animal products
Less waste

Conceptual framework
biodiversity in agriculture

Landscape
Functional diversity

Agrobiodiversity

Erisman et al (2016)
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Thank you for your attention
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./ Instituut Summary

« Nitrogen management requires finding
a balance between biosphere
capacity and human needs

* The focus should be on strengthening
our adaptive capacity (resilience)

» Nature based agriculture can be @
basis for sustainable agriculture using
the conceptual framework and diverse
systems
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