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Global agro-food system 2006-2010 (tgNAyr)
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Regional approaches
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South American Soy countries (1961
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Key points of the cycle
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1) Nitrogen use efficiency of cropping systems

Crop production vs total fertilization relationship
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Yield (kgN/halyr)
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Nitrogen use efficiency of world livestock systems
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Chinese pig production systems
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Chinese pig production systems
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The fate of the protein produced by wolrd agricultural systems
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Diets of the world

World distribution and relationship with gross
domestic product of the fraction of protein of animal
origin in the human diet (FAOstat, 2003).
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Reasons for the increase of the animal protein consumption
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Reasons for the increase of the animal protein consumption (regional)
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Effect of reduction of animal protein consumption in Europe

Greening scenario
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Reason not feasible

Human diets
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China, net imports in GgN/yr
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Regional trajectories of net import (animal and vegetal)
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Regional self-sufficiency 1985 2009

Trade vs local production
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Crop-livestock disconnection
through international trade




Consequences of disconnection
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Disconnetion in China

Traditional farms > Industrial farms >
) 1500
Before Ongoing
transition transition
1200
. =
B g
£ = 900
. Sy Direct discharge to ‘6 e
Directdischargeto | % " river (mainly liquid = 3
river fraction) ,,g N> 600
Recycling Recycling manure a ;
(mainly solid fraction) S x 300
manure ; =
Feed ! Vegetables & fruits Other crops g
> b “"{k - < 0
) — e N SYR | synthetic 1970 | 2000
\ - yninetic ‘ \ fertilizer
W fertilizer TDN

Coastal water

B Diffuse source
Point source

Coastal water

Strokal et al. 2016 (Env. Res. Letters)




Spain 1961-65 Spain 2005-2009

. 2 GgN/yr
Spain, 1961-1965 (504 645 km?) GgN/yr Spain, 2004-2009 (504 645 km?) GeN/yr.
. ) Synthetic ti rt feed i Imp. veg. pdcts
Synthetic netimport feed import  importveg.pdcts f:rtilizers netimpo ;nr-ulupn?: ¥
fertilizers animal 676 pdcts |38
36 pdcts 20 882 Nz atm 29 export
369 Nz atm 3 126 animal
132 ErAnEnT - atm dep PETmanen Twestock pdcts
atm dep L arassiand I:\restol:k ugmssland 157 34
36 | 488| [, . |aa W fF—sr
20 we il ) - e, 2% AL Population
.‘.,-h: 245 254 5-» i w0 Population A 1zZimMLw 132
/_ 116 |+ . fich 33| animai pdcts
444 fish 14, | animal pdcts T3 M fasing cropland 106 o
w2 Nz fiing cropland 92 i 2% vegetal pdcts.
96 - 4% vegetal pdcts T
v Non fix Non fixing
onnxing 198 . i
cropland 31.4 M inhab " gepiand, A48 1% inhab
369 144 N > export
i port 124 vegetal
& 342 7 wegetal atm pdcts
g 37% pdcts emission ZIErastE
195 J atm 310 ‘water
emission tremt
133 . 57 ‘retention’
‘retention’ \J 800
\_J Pollution x3 ~
" discharge
hydrosystem ”::;‘I‘;g: hydrosystem outside
Spain Spain
5, 801 c
2 = rance
£ D 60 pain
= 60 Ymax =75
= o
o O 50 -
o © 40 -
2 -
.; 20 L 8 8 N B B 8 &8 & &N &8 § § § = _§ B &8 B N N _§N _§
c 30 -
0 1 1 1 1 .\L:.: 20 A d a
0 50 100 150 200 Congo

10 -
total N input, kgN/halyr

D 1 T ] I 1
Moderate increase in productiwty 1960 1970 1980 1990 2000 2010

Moderate drop of effciency ——mmmm===—=== [Vlediterranean diet



1000 -~

900 -
Crops
800 - 20
700 - o
600 -
< 50
2 500 -
o0 > 40
O 100 - =
- [-1]
300 - Net import © 30
200 - 20
100 - 10
0 T T T T T 0 I = . E—
1960 1970 1980 1990 2000 2010 R 1990 2000 2010

Net Export from Spain Net Import to Spain
Total import (2007): 813 GgN.yr! M > 100 Ggnyrt I > 100 GgNyr:
Total Export 1171 GgN.yr! -10.100 -10-100
Net Import-Export : 645 GgN. yr! |:| 5-10 - .10
s (Ja-s

Lassaletta et al. 2014 (Reg Env Change)



Net Emitting for Spain Net consuming Spanish emissions

B > 100 Ton N-N20 yr! B >100 Ton N-N20 yr
Virtual fluxes Bl 10025 B 10025

. 255 B s

51 S

Lassaletta et al. 2014 (Mitigat Adapt Strat Global Change)



symb. N2

fix

atm

depos.

Permanent and
semi-natural

synth. grassland Livestock
fertilizers e

& &«__I/\ey 11

1.2 10° UGB
34 10 km?
~ Crop land
[
J));’JL!W\

Key points of the cycle

|Hmm~k

It Is possible to feed the

world in 20507

International

trade

hydrosystem

31

hydrosystem




Population

. - . - 5
6000000 2014: 7.2 Billions 2050: 9.2 Billions?
5000000 - /"’— .
4000000 -
3000000 -
2000000 - /
1000000 -
0 1 1 I 1 ;I_I Dlet?
1955 1975 1995 2015 2035 2055
] ) ) ; 36% animal proteins
—Africa ===America -—Asia =Europe =——QOceania P
O¥kgN total protein/capitalyr
FAOStat (2014)

[ 12 regions




4
Fertilizer/yield relationship

;\quet lanimal transf.

% Efficiency
L_Jo
R

| |3-5
B s-10
B -5
H s-2

constant
\_
depos. Permanent and
semi-natural
synth. grassland
fertilizers
&
50 _ | Ymax=356
/
Ymax=189
5 100 1 /
o S Am
E Soy Fie
Z /
o
i /
5= /
'a 50 | SEAsia : Ymax=60
Fsup aghreb & ME
/ ania
Africa
ﬂ' I I I 1
0 100 200 300 400
\ total N input, nglhalyr/
v

hydrosystem

Total nitrogen input (kgN/ha/yr)

Vegetal into animal

conversion efficiency

constant

[

Agricultural land surface
constant




Modelling the realm of possibilities for feeding the world

Prodein conslumption (kgN cap/y)

.4 7
@"’ e
Animal protein (%)
20 70
4 | | | >

Livestock production (LU)

1/2 X2
> . R ——
¥

Fertilizers TgN)
0 X2
D e >

Billen et al. 2015 (Env. Res Lett)

Region 1

Region 2

60 000 scen

Region 12

A

60 000 scen ]

|

N Surplus (envir. losses)

Import/Export food/feedJ [

N Surplus (envir. losses)
Import/Export food/feed

)

N Surplus (envir. losses)
Import/Export food/feed

l

l

l

n combin. for feeding the world(3 imports-exports = 0) ]

U

N Global scenarios

Total N Surplus
Total trade:
Animal/Vegetal




total arable surplus, TgN/yr
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1.

CONCLUSIONS

Today, to analyze the N cycle the global system is necessary to take into account
the local particularities of the world regions, similarly, to understand the country
scale we need to take the global scale.

The keys drivers for a sustainable N use can be found both in the supply (NUE of
cropping systems, vegetal into animal transformation efficiency, crop-livestock
disconnection) in the demand side (human diet, food waste).

To produce enough quality food for an increasing world population is not only
depending on closing the yield gaps. There is a large amount of options to feed the
world in 2050 with different levels of pollution and international interdependency
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