NITROGEN: TOO MUCH OF A
GOOD THING

NV

JAN WILLEM ERISMAN

VRIJE
UNIVERSITEIT
AMSTERDAM




WHY CARE ABOUT NITROGEN?

Nitrogen is necessary for life
= 78% of N on Earth is N, and unusable by organisms

= To sustain human life, we convert N, to reactive
forms

= The Green Revolution is largely due to synthetic N
fertilizers

= N, is converted into N, for production of fertilizer,
food, feed, fibre, fuel, plastics, explosives, etc.

* Humans depend on internal combustion for
transportation and energy

= Yet, N has direct and indirect impacts on the climate
system, biodiversity loss, air and water quality,
stratospheric ozone destruction, etc.
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NITROGEN IS ESSENTIAL FOR LIFE, BUT IN REACTIVE
FORM

e Only asmall amount
of reactive N is formed
in nature: 99.97% is
‘inert’ in the
atmosphere

e All organisms need Nr
(protein, DNA)

* Ecosystems
(biodiversity) are
based on limited
availability

Reactief N (Nr)
0.03% (1.4 x 106 Tg N)



ANTHROPOGENIC AND NATURAL PROCESSES
CREATE REACTIVE NITROGEN
REACTIVE NITROGEN
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CREATION OF REACTIVE NITROGEN

N-FXATION | N-FIXATION | LIGHTNING | VOLCANOES | FOSSLFUEL | BIDMASS

NATURAL N; FIXATION HUMAN N, FIXATION

N.AS ARESULT OF POLLUTION

12,5%

‘Nitrogen

Too much of a vital resouree

Erisman et al. (2015)

TOTAL N, FIXATION



N SOURCES EU27 — SHARE AGRICULTURE 80%
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NITROGEN EMISSIONS EU27

~60% agriculture
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THE REACTIVE NITROGEN CYCLE
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Agriculture is main N user in EU-27

Nitrogen use efficiency is 35%

Agriculture is main source of N losses in EU-27:

> NH; to air: ~90% of total NH; emissions

> N,O to air: ~60% of total N,O emissions

N in surface waters: ~40-60% of total N emissions
Europe is self sufficient of food apart from heavy import of soya
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NITROGEN SURPLUS IN EUROPE

Mitrogen surplus, 2005

(kg/ha)
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2011 NH; distribution

Van Damme et al. 2014
Vrije Universitelt Amsterdam




FERTILIZER EFFICIENCY FOR FOOD

95 kg is lost to
the environment




DIFFERENT PROTEIN SOURCES REQUIRE MORE

NUTRIENTS (AND LAND)
‘: [
A

EN" Yo 'rn/kwi
- 8 kg of feed for beef

- 5 kg of feed for pig meat 1" 1 " I 1

- 2,5 kg of feed for chicken -oeE

- 5 kg fishmeal for fish
(aguaculture)

- 1 kg feed for insects

To produce 1 kg of meat/fish
we need.:




TOO MUCH NITROGEN: IN A CASCADE

NO,, O;, PM  Forest Die-back Acidification

Antarctic Ozone Hole
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NITROGEN STIMULATES ALL GROWTH

el — NN
David,
Michelangelo Buonarroti (1475 - 1564) VU?



THE UNINTENDED COSTS OF NITROGEN TO SOCIETY

billion euro
illi . 400 = ;

« Willingness To Pay: 40% agriculture Agriculture
to prevent N damage { | 70% air pollution [] N.O-air
70-320 bin € (EU, s 609 human health T [ NoO,-air
2000) ~0% global warming B N
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(agriculture) similar ] [] N,0-air
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ILLUSTRATION: THE NETHERLANDS

v
For every random Dutch citizen:

1/4 cow

8 chicken
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NETHERLANDS THE 'HOT SPOT' OF EUROPE
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NETHERLANDS
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SUCCESSFUL NITROGEN POLICIES IN THE

=N input to surface
water

=N in manure

==MNH23 emissions

=—Nort Sea input

=—NOx emissions

N to agric. Soils

=—N20 emissions




Yield (kgN/halyr)

THE NETHERLANDS: YIELD INCREASED WHILE N
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CHANGES IN SPECIES IN THE PERIOD
1990-2005 RELATIVE TO1975-1989

Agricultural area of more than 100 ha

Vascular
plants

Breeding
birds

Butterflies

-40

FLORON, SOVON, Van Swaay 2009
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THE NITROGEN DILEMMA

v
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Benefits:

~

supports food supply

Necessary for life
Nitrogen fertilizer

Drawbacks: \

Excess reactive

nitrogen negatively
affects environmental

and human health

Challenge: A
Optimizing the use of nitrogen,
while minimizing the negative impacts P




1.

24

Nitrogen deposition has to

be decreased through
national, provincial and
regional measures;
Ecological recovery
measures will be taken;
Nitrogen deposition
reductions and ecological
recovery measures are
compulsory and will be
secured;

Within the expected
decrease of deposition
room will be created for
economic developments.

Earth and Life Sciences/ N success story's

SOLUTION: INTEGRATED APPROACH TO NITROGEN
(PAS)
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NEDERLAND> GROENE HART YT e

'Hogere snelheid op A2 verstikkend voor
boer'

m Ja cm G+ o REAGEER

4 MEER OVER

Ruud F. Witte
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Uurtariefvan'’n =
Schilder

De snelheidsverhoging op de A2 van 100 naar 130 km per uur is funest
voor uitbreidingswensen van ondernemers. Boeren en bedrijven in de Het uurtarief van een Schilder?
regio kunnen hiervan hinder ondervinden. Veehouders hebben dat 101 Schilders op 1 sitel
gisteren opnieuw benadrukt in een gesprek met CDA-Kamerleden. "We Verg el ijk ze.
hadden toch heel heldere afspraken gemaakt?'
e

, boer Vincent de Groot, zijn vader Joost de Groot e
Jaco Geurts @ Peter Franken.
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Programmatische aanpak Stikstof

N depositie en bronnen Potentiéle ontwikkelruimee Effecten beleid op stikstof depositie

Generieke daling

Rijksbeleid VPAS

Provinciaal- en lokaal beleid

Ecologische beoordeling Monitoring

@ miax
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Habitattypen

Bestuursakkoord
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PAS: ROOM FOR (ECONOMIC) DEVELOPMENT

e (expected) nitrogen
deposition decrease

P Halve for nature

Average nitrogen deposition on all sensitive habitats in the Netherlands
1600
- “—— e Halve for economic
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Ministry Economic Affairs

Faculty of Earth and Life Sciences



FOUR STRATEGIES TO MORE SUSTAINABILITY FOR N

CYCLING RELATED TO FOOD PRODUCTION

a3 | _ Smarter diets A
SV R8 . Healthier diets
"w,. Wiy > e Less animal products
e~ » Less waste )
& Conceptual framework PO Q
biodiversity in agriculture % | ﬁ
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THANK YOU FOR YOUR ATTENTION

NV

J.w.erisman@vu.nl
www.louisbolk.org

The European
Nitrogen Assessment

Sources, Effects
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