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To imagine the future we first need to understand the past

1. Quality of the data?

2. The big picture
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5. Efficiencies
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1. The quality of the data
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1. The quality of the data
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1. The quality of the data
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The agricultural systems inserted in the global agro-food system 2. The big picture
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The agricultural systems inserted in the global agro-food system 2. The big picture
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3. Land increase vs. intensification
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3. Land increase vs. intensification
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3. Land increase vs. intensification
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4. Other inputs ®

Fal
L 1]
3
E m &
=
160

h %

- 5

i T

= 100 =
=

< &

= 8

=

: FERTILIZER

-2 Synthetic embedded in manure
fl
1860 1970 1980 1590 2000 2010 0
10
B Deposition O Fixation T Manure ll Synthetic

Hl Synthetic Embedded O Non synthetic

L | . (i .
Estimated from Lassaletta et al. 2016 (Env. Res Lett.) assaletta et al. (in prep.)



4. Other inputs
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North Mediterranean
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Production and use of vegetal protein in Spain
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5. Efficiencies: Contrasting trends Easy-to-use indicator for ‘nitrogen use efficiency’ (EUNEP)
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The Transition Pathways
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The transition pathways
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The transition pathways
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5. Efficiencies: Contrasting trends of world countries
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Bangladesh
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6. Rotations, nutrient legacies and crop mix Long term trials @
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6. Rotations, nutrient legacies and crop mix

Long-term unscaled N response for 25 LTEs
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6. Rotations, nutrient legacies and crop mix

Strong accumulation of P that can be reused during decades
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6. Rotations, nutrient legacies and crop mix
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7. Future global scenarios

The Shared Socioeconomic Pathways
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7. Future scenarios
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7. Future scenarios ®
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Approach for projecting N inputs in cropland

e Three scenarios are designed

e Yield response function: One-parameter
hyperbolic

e Estimating N inputs required for 2050 food
demand

NUE: Nitrogen use efficiency, yield/inputs
Asymptote of hyperbolic curve
TMP: Technology and management practices

Y
NUE = 7
1.Same NUE
3. Improving TMP
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Current yield

N inputs for 2050

N inputs today
Vishwakarma, Zhang and Mueller 2022 (ERL )



Comparison of global N projection
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Growth rates of N,O o

12¢

o
@
o

N,O (ppt yr )
=]
o

024

2000 2005 2010 2015
Yom

Thompson, Lassaletta et al. 2019 (Nat. Climate Change)



i |

climate change | NEWS & views

o
|

Linear response: Emission Factor Exponential response

IPCC Tier-1: 1%

o
I

i
|

210 kgN/ha/y /

Linear response

3
I

Emisiones de N,O (kg N-N,0O/ha)
- &
!

0 -

é 50 100 150 200 250 300 350
W Fertilizacion (kgN/ha) ‘\\?
Makowski 2019 (Nat. Climate Change) fme it



e,
’ =3 -
Fesud el setrartes .
b 100 4

>
-~
-

Ervmmon S 1% 00N M sopoed )
o
g

Aguilera et al. 2021 (ERL)



Conclusions

- The consumption of synthetic fertilisers has increased 9-fold and 4-fold for nitrogen (N) and phosphorus (P)
during the past six decades promoting significant yield increases but also important environmental problems

- The crop expansion and intensification but also other drivers such as contrasting efficiencies, crop mix, soil
legacies and diverse structure of agro-food systems have affected the observed trends regionally and globally.

- The future has to be written but the lack of a coordinate action at different levels and sectors could result in an
unaffordable environmental burden associated with too high consumption and nutrient surpluses.
- Action has to consider the multidimensional, multidisciplinary and multiscale nature of the challenge

- N,O emissions can be trigger if fertilization rates grow beyond certain limits without efficient mitigation
measures
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