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What is fertilizer?




Fertilizers are plant nutrients, required for crops to grow

A Crops need energy (light) CO,, water and minerals to

row
9 H20 , 02

A The carbon in crops originates from CO, absorbed
through the leaves

A Crops absorb water and plant nutrients from the soil

Primary nutrients

000

Micro-nutrients

00000006

A Plant nutrients are building blocks of crop material.
Without nutrients the crops can not grow

Secondary nutrients

coJmel s

A Mineral fertilizers provide plant nutrients for crops

A Three main nutrients: Nitrogen, Phosphorus and
Potassium are primary nutrients



Principle of crop nutrition: crop growth is limited by the most
deficient nutrient

ALaw of the Mini mumo (Liebig,
are proportional to the amount of the most
' imiting nutrient. o

A Plant nutrients have specific
and essential functions in crop metabolisms

A They cannot replace each other, and lack of any
one nutrient limits crop growth

Potassium

A It is therefore essential to focus on a balanced
nutrition of all plant nutrients



Why mineral fertilizer?




Mineral fertilizer replace nutrients removed with the harvest

Supply of crop residues and
organic fertilizer

_ A Export of nutrients with the
g:ﬂzﬂ; @ harvest

! : — .
humus Mineralisation e - - A Growing demand for food

& feed
Crop residues are decomposed to minerals

Mineral fertilizers are necessary to replace those nutrients that have been removed from the field




Mineral fertilizer characteristics compared to organic fertilizer

Characteristics

Mineral fertilizer

Organic fertilizer

Nutrient Nitrogen from the air, _ _
. ) ) Crop residues and animal manures
source Phosphate and Potassium from deposits / mines
Nutrient High nutrient concentration Low nutrient concentration
concentration Low logistical cost Large volumes to transport and store
Nutrient . . Variable, organic material needs to be
S Immediately available for the crop ;
availability decomposed to release nutrients
) i Often inconsistent
Quality Traceable and consistent

Dependent on source




Nitrogen i the most important nutrient

Nutrient characteristics

Primary benefit Application Industry structure

Potassium (K) Improve _ Application ) Fewer suppliers, production

crop quality can be varied discipline
Phosphorus (P)

Increase crop size . Annual application | Fragmented Industry, under
Most important and critical consolidation

Nitrogen (N) commonly lacking ) More dynamic prices, but
nutrient stable volume

Total 181 million
tons nutrients

Source: IFA 2015/2016 season (June 2016 estimates)



Environmental impact of fertilizer
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Fertilizer reduces the carbon footprint of farming

Fertilizer - an efficient solar energy catalyst
Production is a marginal part of the carbon footprint; efficient application is more important

Huge positive effects of fertilizer use, since higher yields enable lower land area use

Production Application
Yarads pr oduct i-efficientthan compettor average g y _Higher efficiency with nitrates

Precision farming tools

3.6 kg 0.1 kg 5.6 kg 75 kg 75 kg
CO, eqv Cco, CO, eqv Co, CO,

PRODUCTION TRANSPORTATION FARMING HARVEST CONSUMPTION

CAPTURE
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The right nitrogen fertilizer rate is key to avoid nitrate leaching

Grain yield (t/ha) Nitrate in soil after harvest (kg N/ha)
A Leaching of nitrate into groundwater 10 100
affects water quality and contributes to
eutrophication 9 - | 50
A Oversupply of organic and mineral 8 1
nitrogen fertilizer represents the main a 160
driver for nitrate leaching 7
. T 40
A Nitrogen fertilizer application according 6 1 -
to crop demand does not increase . 1 20
nitrate leaching 5
4 v 0
none  medium right too much
Supply of N fertilizer to the crop
( 11



Choosing the right nitrogen fertilizer to avoid ammonia
volatilization losses

A Volatilization of ammonia gas contributes Ammonia volatilization in % NH3-N per unit N applied
to pollution, affects air quality and induces
soil acidification

19.9
A The use of organic or urea-based nitrogen
fertilizer represents the main driver for
ammonia losses
10.8
A Nitrate-based N fertilizer or immediate
incorporation of urea into the soil avoids
volatilization losses 3
0.7 18
CN CAN AN UAN Urea

N fertilizer

Reference: EMEP/EEA emission inventory guidebook 2013
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Water availability is the main constraint on agricultural production
In many important growing areas

Water scarcity is a clear issue

Rio Grande
failed to reach

for first time

Lake Aral
Only ~25% of
original size

Yellow River

1972: 15 days
1997: 226 days

Gulf of Mexico in 2001

Dry on last 100km:

Agricultural water use has to The segment has seen
become more 0i nt el |dtrgng groveth historically

17% of cropland is irrigated, it is twice as
productive as other land and contributes

Expansion of Micro-irrigation

40% of world food productioné Mill.ha
p . 3 10.2
ebut it uses 70% of all freshwaterée
éthus, productivity growth from irri on
has to come from better use of water CAGR

11.9%

1981 1986 1991 2000 2006 2009

Source: Kulakarni et.al., 2006; Gopalakrishnan,

Source: Center Pivot: carrot production in Brazil 2008 USDA. 2008: MOI. 2009
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Good crop nutrition enables increased water efficiency:
Amore crop per dropo

Water is a key input for crop growth Water requirement (liter per kg of wheat grain)

About 70 % of global water consumption is

for agriculture
600

510

Sub-optimal crop nutrition tends to drive
over-consumption of water

450
380

o o Do Do

Optimized crop nutrition improves water use
efficiency

No fertilizer low medium right

Supply of fertilizer to the crop

Source: Yara research
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Carbon footprint of urea production differs by region

kg CO, equivalents per kg urea nitrogen
6.53

EU 27 Russia us Africa China China
(coal-based) (gas-based)

Source: Fertilizers Europe (2016) for production in 2014
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Carbon footprint of ammonium nitrate production by region

kg CO, equivalents per kg AN nitrogen

11.06
I |
EU 27 Russia China China
(coal-based) (gas-based)
Source: Fertilizers Europe (2016) for production of granulated AN in 2014
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The fertilizer industry
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Consumption trend per nutrient

Million tonnes nutrient

140
120 [ \! 1.2% growth pa.* -
60
— P 1.6% growth pa.*
K 2.3% growth pa.*
0

1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017F 2020F

Source: IFA, June 2016 * CAGR avg. 2013-2015 to 2020
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Key global fertilizer products

Nitrogen N

~ Other
Ammonia 119

4%
DAP/MAP Urea

7%
Potash K,0O NPK
6%
Other AN/CAN

9%

UAN
5%

108 million tonnes*

32 million tonnes

Phosphate P,Og

Other

Tsp 10%
6%
SspP \
9%

NP
18%

41 million tonnes

Source: IFA 2015 (nutrient totals) and 2014 (product split) * Does not include industrial nitrogen applications
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Nutrient application by crop

By tonnes nutrient

N+P+K

Fruit & veg
Sugar crops

4%

Oilseeds
11%

Other cereal
5%

Source: IFA (2010/11)

Nitrogen

Fruit &
15%

Sugar crops

0,

4é’otton
4%

Roots/Tubers

0,
3% Oilseeds
7%  Other cereal

5%
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