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Outline

Why agriculture is the greatest thing on earth (and the worst)
Deforestation now and the forgotten deforestation of old

The lighter side of deforestation

Why the green revolution is somewhat blue
Nuclear-powered farming in India?

Our craving for a very abundant but elusive element

Why Europe imports air from South America

(and why European groundwaters suffer from that)

Why Germany needs another country of its own size
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o Impact of agriculture

« Employs a lot of people (1.3 billion, 30-40 % of global workforce)
* Feeds us, well almost all of us (99.99 %)

« Spatial demand: deforestation,

« Water demand (irrigation),
* Energy demand (pumping, fertilizer & pesticide production ...)
* Nitrogen, cycles:
* Fertilizers and manure...
« Pesticides
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.
Population growth and food

demand — how do we cope?

}GI}IJ(I;I\Q’TNHP((I)}I;HRL'EA‘TION - §§ * Increase arable land

| THINK | CAN...
| HOPE | CAN...
| REALLY HOPE | CAN...
MAN, HOPE | CAN... &_ )

(including projections)

 Increase efficiency by:

* mechanization

 better techniques (e.g. no-till)
« adequate nutrient supply
 control of pests

« better water supply (irrigation)

1400 1600 1700 1800 1900 2000 4
2050

|GG seeogeerseyanom  international trade
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Population growth and food production: India

India — Crop Production and Population
Indian financial years

Mt LHS Population m
M Pulses M Coarse cereals” (RHS)
W Wheat ™ Rice

200 1000

150 750

100 500

50 250

0 0
50/51 62/63 74175 86/87 98/99 10/11
* Includes barley, maize, millets and sorghum
Source: CEIC

B n Bundesanstalt fir
Geowissenschaften
. g_ammmm.  und Rohstoffe



From various sources

A tale of two countries
| | Paraguay | Germany |

Area
Population
Pop. density
Per capita GDP
HDI

Arable land
Pasture

Forest area
Agricult. GDP

Agricultural
workforce

[km?] 406,752
6.8 million
[/km?] 17.2
[US-9$] 9,779
0.693
[%] 11
[%] 43
[%] 44
[%] 27
[% of 45
pop.]

357,021
82.2 million
227

42,200
0.926

34

13

30
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Creating space: deforestation of Eastern Paraguay

2008
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Deforestation in fast forward mode: the Chaco
1984 1992 | 1998

Rate = 200,000 ha/a (2008)
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.
Deforestation of Germany

AD 50 today

I decidious | mixed B conifers

Quelle: Prof. Dr. Hansjorg Kuster, Diercke Atias, Global Land Cover Facility @ ZEIT ONLINE

Deforestation complete by the 14" century
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.
The lighter side of deforestation

Transpiration & interception

Water release during vegetation phase

«  birch 60-70 I/d, hot days: up to 400 I/d
« 100 a old beech 400 I/d

« large oak tree 150,000 l/a
 sunflowerl l/d

« wheat 10,000-15,000 l/a*ha

Interception: Australia USA Africa Australia USA Africa
« conifers (needle): £ i Lo W alanKmn
30-40% of rainfall throughout year
« deciduous trees (leaves):
10-20% during winter, 20-30%
(or more) during summer
« agricultural crops:
10-25 % during vegetation phase

Lad
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Post clearing
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Pre clearing
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=
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Recharge (mm/yr)

=
1

Site number

Source: Scanlon 2006
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How blue is the green revolution?

Surface Water and Groundwater Irrigation

Use Growth in India, 1951-2007

5 3% == Surface Water Irrigatea Area
= e Groundwater Irrigated Area
- 30 -
E 25 Evolution of Global Water Use
8- Withdrawal and Consumption by Sector
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Source; Faures and Mukherji (2011) I I
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\ % Consumption I Consumption B Consumption
"§~ 0 Waste Waste W Waste
GlObal Harvest (%) Note: Domestic water consumption in developed countries (500-800 litres per person per day)
NI AT 2014 GAP Report® gg is about six times greater than in developing countries (60-150 litres per person per day).

Source: lgor A. Shiklomanov, State Hydrological institute (SHI, St. Petersburg) and United Nations Educational Scientific and Cultural Org
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Unsustainable use: examples

Figure 1. Groundwater levels in Kaladera area

0
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Year

Source: Central Groundwater Board, Rajasthan Groundwater department. ([Ciata pronaded by India
Resource Center)

Sana’a, Jemen:

2170

Deep borehole in wellfield area

2165

Shallow borehole in Sana’a City .

o

2160

2155

WATER LEVEL (MASL)
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2145 T | T T
APR81 JAN84 OCT86 JUL89 APR92 JAN95

6 m3
10°m /a Quelle: Foster et al. 2003 IGRAC

gw recharge
gw extraction
balance

23 10 38
120to 173
- 82 to -150 (negative!)
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Unsustainable use: examples

1062

Shariar Aquifer, Iran
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Figure 1. Average groundwater depletion rate during 1900-2000 in 40 1 aquifer sy or sub in the
conterminous 48 states.
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.
Water supply and energy consumption

Primary energy Electrical Groundwater | Agricultural
for water supply energy for Abstraction | abstraction
water supply
[%] [%] [km?] [%]

Germany 0.5 8.5 1.2 40,000
Netherlands 1.7 20 11,000
France 1.6 34 6.3 18 >30,000
USA 1.6 4.3 110 80 (42) 16,000,000
Canada 2 1,700,000
Saudi-Arabia 3.7 21 83-88 110,000
Iran (15, agricult.) 29-74 92 365,000
China 1.7 5.5 110-150 60
India 8.9 20-30 150 20,000,000

From various sources, see Houben 2015, Aquastat
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Groundwater irrigation and electricity: India

- 120.000.00 350
z (+ 5-8-10° Liters Diesel) g
= 100,000.00 - 300 =
= =
= - 250 =
E. 80,000.00 =
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= 20.000.00 | ;o E
: * E
= =
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2 2 2 2 2 2 2 2 2 2 & 2 2 2 & § 5 5 5 2 :
Year §
s A pricultural electricity consumption (GWh) s %, of agricultural electricity consumption to total
Source: Data trom Central Electricity Authority. published in Gol 2007 and 2010 (Shah et al. 2004)

Estimated number of wells: 20 million!!!
Agriculture needs 100,000 GWh, nuclear power provides 30,300 GWh
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Chasing an essential nutrient: nitrogen

Wikiwand ~ Cthers WHAT DO YOU CALL AN
ah ACID WITH AN ATTITUDE?

gimme ur lunch

e

Nitrogen

Hydrogen

A-mean-oh acid.
Ascp SCIEN OF

Carbon

Nitrogen is essential!
78% of air is N, but not accesible

Sources:

- animal protein

ol - plant protein

- use plant protein to feed animals

Source: ASAP Science, wikiwand
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Source: Max Roser via Our World in data, photos: wikipedia

Consumption of Fertilizers (in tonnes)

Making bread from air:

145,159,350
140,000,000

130,000,000
120,000,000
110,000,000
100,000,000
50,000,000
50,000,000
70,000,000
0,000,000
50,000,000
40,000,000
30,000,000
20,000,000

10,000,000

D.
1961 1963

@ Stacked

1970

O Expanded @ Africa
Eastern Europe

1976

Americas

1982

Asia Oceania @ Europe (w/o Eastern Europe)

1989

1985

2002

fertilizers

Haber-Bosch synthesis
(artificial nitrogen fixation)

Fritz Haber, nobel prize 1918
Carl Bosch, nobel prize 1931
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Global nitrogen fertilizer market

Million Tonnes = 2013

o = M I W Oh =~ 0D WD

Nitrogenous Fertilizers Consumption
2010 = 105.9 million tonnes nutrient

3%
Pakistan ysa
3% 1%

India
16%

U R« O T RSN
% oy ¥ " o ﬁ'ﬁ‘ﬁ h: gﬁQ \ﬁb@t N (2

e

Source: Potash Corp., NPK world

Production (2010): = 100 Mio. t of nutrient
Haber-Bosch synthesis requires a lot of energy
3-5 % of world natural gas production
1-2 % of world energy supply
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Let plants (and their microbe friends) do the job:

Soy beans as N fixers

= [ N
o w o
1 1 1

International trade, TgN . y*

w

Soy beans: 56 o e Wisqures o MEbfessesd s MSoieans.

« grows almost anywhere -

- can fix air nitrogen (with the help of bacteria) B-p S
* no nitrogen fertilizer needed s [ o O ot onier 3%
* bean has 36.5 % protein (raw)

* produces also valuable oil ,,5 B - B

« apt for human consumption (tofu ...) “ Thatand

« apt as animal fodder - meat production w2 a - & o

« genetically modified, round-up ready e
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Global soy trade: importing air

i =4
:\ 'Ji
. . - Gesamtimport in die EU-28:? a) Brasilien £ Argentinien + Paraguay + Uruguay
I MIo:3 "& oy 14,3 Mio. t Sojabohnen RS Kannd
c -
) B )

21,3 Mio. t Sojaschrot
b‘// 0,3 Mio. t Sojadl

MAR: 0,3
ALG: 0,3 ‘ Y,

© OVID 2016
— Abbildung relevanter Handelsstrome —
Abschneidekriterium: 2%

Quellen: ACTI, Oil World, OVID
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Export products of Paraguay

39% Soya beans
5.5% Maize (corn) ~ [3.9% B
seed Soya-bean  fenes

oil crude,

4.4% Durum wheat

8.7% Bovine

carcasses
and half
Carcasses,
fresh

6.5% Bovine
carcasses and
half
carcasses,
frozen

6.8% Soya-bean
oil-cake and
other solid
residues

Soy beans

PY 8-10 Mt/a production (world 324 Mt/a)
3,300,000 hectares
> 95% no-till agriculture
49.7 % of exports: soy products

5.7%
Electrical
energy

DE
import

3.7 Mt/a beans (0.3 Mt/a from PY),
2.9 Mt/a shred (0.0 Mt/a from PY)
0.085 Mt/a soy oll

10% Rawsugar,  0.58%
@ne Cigars,
cheroots

Sources: wikipedia, OVID, Oil World, USDA

5 iy CaE
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Nitrogen uptake efficiency: plants vs.animals

The Fate of Haber-Bosch Nitrogen

N Fertilizer N Fertilizer N N

Produced Ap‘lied in Crop Harvested in Food Consumed

-16 -5 -12

The Fate of Haber-Bosch Nitrogen

14% of the N produced in the Haber-Bosch process enters the N Fertilizer N Fertilizer Nin Nin Nin N
human mouth.......... if you are a vegetarian. Produced Applied Crop Feed  Livestock Consumed

TOTOT0r0y0

-47 24 -3

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

Source: Davidson 2014

B n Bundesanstalt fir
Geowissenschaften
. g_ammmm.  und Rohstoffe



Cheap meat and excess nitrogen

Groundwater
guality (nitrate)

“ Good quality

' Bad quality
"  THUNEN

GroRvieheinheiten (GVE) 2010 auf LAU2 Ebene
jehalLF

<05 >10 bis1s @ >1,75bis2,0
@05 vis1.0 @ >15 bis1,75 @ >20

Unit: large animals per ha
S2-Grafik; Quelle: WasserBLICK/BfG 2010

Sources: Thinen-Institute, BfG
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Denitrification: nature’s little helpers

dissolved oxygen [mg/l] nitrate [mg/l]
o 2 4 6 8 10 12 40 60 80 100 120
0I'I'I'I'l'I'I0 L L
| |
| Il | |
104, "u 10 u
| | n m
— e . R R R R
1= |
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3 20- 20
© |
't
3
w
> 30- 30
o
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O
€ 40 = 40
c |m
o
< 504 50
60 02 60 N03

after data by Houben (2000)
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Where do the nutrients end up?
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Improving nitrogen efficiency

Not all imported nitrogen is incorporated into biomass |
- In some areas manure application is not fertilization but rather disposal

Nitrate in mg/l kg N/ha LF)
40 - 140
N surplus [kg N/(ha x a)] N efficiency [%] 35 - 120

140 - ‘ 90 "‘. A.
\§ l—_h’ 30 N - 100
120 —— 97.1 >75 - 80 :

100 3\‘ —1 70 25 ~ 80
80 R 1 [ / ‘ 60 20 - — 60

= _/N/‘R | \\ ? L 4 e
40 7~ 48.7 | . \\\

— I 40
N <40 | - y
20 3 I 30 | | | | | | | | | | | | | | | |
@ 1940 1950 1960 1970 1980 1990 2000 2010
0 +— L 20 Years
1990 2000 2010 2020 2030 2040 2050

— 20

Source: Nitrates Report BRD 2012
Years

===== N surplus [kg N/ha] agricultural area === N efficiency (output/input) [%]

Source: Scientific Advisory Boards for Agricultural Policy (WBA) and Fertiliser Issues (WBD) at the German Federal Ministry of
Food, Agriculture and Consumer Protection (BMELV); German Advisory Council on the Environment: Opinion on Amendment of
the Fertiliser Application Ordinance; 08/2013; page 8
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Pesticides

900

800

world exports e

World pesticide exports

4500
4000
3500
3000
2500
2000
1500
1000

500

China M
United States I ——
India T————
Belgium —
United Kingdom e
Spain
Israel —
Italy m—

Switzerland =
Netherlands

France I——

Japan EE
Colombia ==
Argentina HE

Austria =
Malaysia =

Million US-S
(=]
Germ any |

Hungary mm

South Korea M
Singapore

Global market: 44 billion US-$

Source: WTEx, Our World in data, Ensia

Indonesia M

Denmark =

Brazil m
Mexico H

1060

Peaticide use in U.S. agriculture peaked in 1831 (21 selected crops, 1960 -2008)

Milkian pounds of pasticide active ingredient

W Fungicides

65 7o 75 &0 85 a0 a5 2000 [+

Sourca: USDA, Economic Reseanch Sandce using USDA, Mational Agrcultural Statistics Service
‘and propriatary data,

ANNUAL PESTICIDE CONSUMPTION WORLDWIDE

LATEST DATA (2007-12)

o
‘ .. @  ARGENTINA

TOP TEN CONSUMERS

CHINA
u.s.

THAILAND
Py BRAZIL
® ITALY
FRANCE

CANADA

JAPAN

INDIA

1,806*
386
265
87

76

63

62

54

52

40

*millions of kilograms

Sources: Pretty and Bharucha, Insects, 2015, FAOSTAT, OECD.
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Summary

Agriculture is main driver for landuse change

Deforestation usually increases groundwater recharge

Irrigation demand often outcompetes increased recharge

—> overexploitation of gw resources in arid regions common
Agriculture is a major energy consumer (directly, indirectly)
German soy imports require a country the size of Paraguay
Necessary: improved nitrogen efficiency to minimize impacts
In producing and importing countries
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What can we do?

Farmers

Improve efficiency in exporting countries (irrigation, pesticides, fertilizer)
Improve nitrogen efficiency in importing countries

Consumers (that means you and me)

Minimize food waste

Eat food with low (water) footprint

Eat less meat (and better, local meat or that of N-efficient animals)
Eat local food, if possible

Avoid out-of-season consumption

All: think about population growth
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Thank you for your attention!

Questions welcome!

iBA ST A I
CONTAMINACIOM.

NEW. FoR Rcl'b‘M

" S
7 T - B
AND PoLTicay ReAGeps, .ﬁ\‘ - s
E“ﬁ“f" CRISIS -

2 Feop cpasys

Bundesanstalt fir
Geowissensc haften

mag_ammm.  und Rohstoffe




.
The capilibary catchment, SE Paraguay

Typical agricultural catchment

remaining forest cover: 20%
intensive farming

2 to 3 harvests per year

mostly export cash crops

soy bean, wheat, corn, sorghum...
*» Crop rotation

» 99% no-till agriculture

» highly mechanized

» strong agricultural cooperative

e

*

e

*

e

*

>

A/

*

e

*

4

)

L)

L)

0

>

L)

(R )

L)

L)

Capiibary catchment (970 km?)
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Example Capiibary: pesticide application

Metsulfuron: 293 kg
Glifosato: 446.000 kg
97%

otros: 3%

Paraquat: 12.300 kg

Atrazina: 2.080 kg

Unidades: kgs de principios reactivos

Insecticide: ca. 13.000 l/a
Fungicides: ca. 25.000 I/a

Disadvantage of no-till agriculture: herbicide application needed
for all crops, mainly glyphosate (roundup)

s application 2 to 3 times per year
% dosis: about 2 to 3 I/ha
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Capiibary: ground and surface water contamination?

Despite intensive fertilization and pestizide application: low nitrate concentrations and no

pesticides found in groundwater and surface water

- subtropical climate = constant activity soil microorganisms (nutrient recycling)

- soils have high sorption potential (high humus and clay content)

- no-till agriculture = organic carbon enrichment, prevention of soil erosion

- awareness & training of farmers: plant barriers, pesticide filling & cleaning stations

fertilizers

NPK

atmosphere

o
s>
S
¢

incorporation

pesticides

plant barrier

e

Source: Houben et al. (2014)

aquifer

|

A° Capiibary
h 4

-l
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How blue is the green revolution?

430 - total fertilizer per ha cereal
(N} 1
30

= 300

I

E 250 - cereal vield

= tractors h land

_§ - o rs per ha crop

= irrigated share of cropland
15415 agricultural labour per ha cropland
100

1961 1968 1975 1982 1989 1996 2003

vear

(Hazell and Wood 2008)
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.
Global N cycle: importing air

2009

I <-1000 GgNiyr
[ 1000 to -500
[ |-500to -100
[ ]-100to +100
[ ]100to 500
[ 500 to 1000
B >1000

[ |nodata

Lassaletta et al. (2014)
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Biogas: a good idea gone bad (1)

Idea  use agricultural residues to produce
biogas - clean energy

Reality farmers plant crop specifically for biogas,
convert pasture into arable land
—> nitrate release to groundwater

8.000 4.000
== > 1000 kWel =501 - 1000 kWel ]
> 500 kWel w151 - 500 k\Wel -
7.000 70 - 500 KWel £370 - 150 kWel T o
=70 kWel -=-install. el. Leistung [MWel] =
6.000 ~ 3.000 =3
o
c
=
5.000 2500 2
=
= g
T 4000 2000 8
N <
5 o
% 3.000 L1500 5
s B Biogasanlagen
< R~
2.000 L 1.000 3 hazat)
P . <4
t
® 4-6
1.000 - - 500 =
B 3 @® 7-15
U T T T T T | E— T T T T T T ™ O - ‘ >15
e D & & 3 A @ & 0 N0 O Kilometer
U I U e 0o 4w w0
* Prognose Stand 52014

} © DBFZ Deutsches Biomasseforschungszentrum gGmbH 2014
© DBFZ, Stand 05/2014
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Griinlandumbruch

Anderung des Anteils der Silomaisfliche an der LF* im Zeitraum 1999 - 2010
(Kreise, kreisfreie Stidte)

biogas: apply high manure loads
convert pasture into arable land

- nitrate release to groundwater

) Nitrat Jahresmittelwert NN Beticosstene Aurich
NOy mg/l flache Grundwasser-Messstellen in Wasserschutzgebieten Ostfrieslands
Filter Unterkante <= 25 m unter Gelande ~ 120 Messstellen/ a
30
28 ! e et
. S |
2 T i L <

24 ), S, 2 oy E : =

22

Legende
I <5 Prozentpunkte

3-5 bis 0 Prazentpunkte 20 SRR £ ¥ A N £ D st i adk A T8 v L s T o i
.

20 bis 5 Prozentpunkte

[ » 5 bis 10 Prozentpunkte

¢ B 0 i e
Y L —— e i 18 RGeS B VARSI e, LR —— « S
W ; 15 Prozentounkte b
| keine Daten 16 polynomische Trendlinie 3. Ordnung - Bestimmtheitsmafl R? = 0,8014
ezt i dib folndi ko 2 iz R X e — Sy
*LF: Landwirtschaftlich geutzte Flach, Quelie: 5
i ‘an M‘”’ e Lc bl ’ Geobasisdaten: GeoBasis-DF { BKG 2013 ‘\‘ ,' b‘ <
Fachdaten: Landwirtschaftliche Badennutzung / \‘
Statistische Amter des Bundes und der Lander, :

Jou Reglonaldatenbank, 2015; Datenlizenz Deutschiand V.2.0 1 4
Bearbeitung: Umwellbundesamt, 1G11.5, 2017

Grundwasserschutzmafnahmen Landwirtschaft / Wasserwirtschaft seit 1993
12 eaata SVRC SRERL LI W o TR AT = R SELUSIA TSy D A NI e IR S TN,

Daten seit 1999 inkl. WSG Feldhausen . Stand 03.05.2017 Roskam

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Bundesanstalt fir
Geowissenschaften
M gammmm.  und Rohstoffe




