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Agriculture production as a major driver of the Earth system exceeding
planetary boundaries

Bruce M. Campbell I Douglas J. Beare', Elena M. Bennett?, Jason M. Hall-Spencer 34 John S. I Ingram’, Fernando Jaramillo ®’,
Rodomiro Ortiz®, Navin Ramankutty”®, Jeffrey A. Sayer '’ and Drew Shindell™’

Feeding ten billion people is possible within four
terrestrial planetary boundaries

Dieter Gerten®'23*, Vera Heck ©'4, Jonas Jagermeyr ¢, Benjamin Leon Bodirsky @7,
I Ingo Fetzer®78, Mika Jalava @4, Matti Kummu ©4, Wolfgang Lucht©'?3, Johan Rockstrém’,

: Sibyll Schaphoff©'and Hans Joachim Schellnhuber’

« Vorschlag Agroforstsysteme zu nutzen, da diese nicht nur Nahrungsmittel
bereitstellen, sondern weitere nutzliche Funktionen erfullen



Was ist Okosystem-Multifunktionalitat? (A KI

<)

Fahigkeit eines Okosystems simultan mehrere Funktionen bereitzustellen

@ Okosystemfunktion




Five sites: At each site:

Agroforestry

Vertic Cambisol
x M o (Wendhausen)

o
Histosol & % Gleyic Cambisol
Anthrosol (Forst)

(Mariensee) %
o

open croplan>\ Each replicate plot
open grassland |

Tree row |

1

Calcaric Phaeozem B B gs| ‘Crop/grassrowim
(Dornburg) ‘sl *Crop/grassrow4m |

| “Crop/grassrow7m

. . 3Crop/grassrowztlmi

ST e R i S et S R A B G |

Studiendesign:

- 3 Ackerlandflachen
- 47 Indikatoren

- 2 Grunlandflachen
- 16 Indikatoren

. Messung im Agroforst auf

A
verschiedenen Distanzen 5

Grassland agroforesfry



Anzahl Indikatoren und Okosystemfunktionen k‘A ,- G

Ackerland | Griinland Okosystemfunktion

v (15) V4 (3) 5 Bereitstellung von Lebensmitteln, Fasern & Treibstoffen

v (3) v (2) C-Sequestrierung

v (6) v (6) ) Bodennanhrstoffkreislaufe

v (6) vV (5) v Habitat fur bodenbiologische Aktivitat

v (3) & Minderung von Boden-THG-Emissionen
v (10) ¢ Wasserregulierung

v (4) =. Erosionswiderstandsfahigkeit 7



Indikatoren hinter den Okosystemfunktionen

©FE. [ehtsaar

Z-standardized value

a a
| B
Ackerland Agroforst Ackerland

B Grain yield
' Barley crude protein

EEI Barley crude starch

E! Wheat 1000-grain weight

EI Wheat crude protein

$ Wheat crude starch

' Canola 1000-grain weight

‘ Canola crude protein

' Canola crude fat

m Barley F. graminearum (inv.)
E Barley F. tricinctum (inv.)

E Wheat F. graminearum (inv.)
E Wheat F. tricinctum (inv.)

E Canola V. longisporum (inv.)
H Canola L. maculans (inv.)



Multifunktionalitat von Ackerland Agroforst
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Multifunktionalitat von Grunland Agroforst (‘A 4
<JKi
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Zusammenfassung ‘A ,
Ackerland Agroforst erhoht Multifunktionalitat: verbesserte C-Sequestrlerung,
Habitat fur bodenbiologische Aktivitat und Erosionswiderstandsfahigkeit (P < 0.03)

Bodennahrstoffkreislaufe, Minderung von Boden-THG-Emissionen und
Wasserregulierung haben sich aufgrund hoher Dungeraten nicht verbessert

- Effizienterer Dungemitteleinsatz kann weitere Vorteile erschliefl3en

- Finanzielle Anreize fur Agroforst sollten Dungemittelmanagement berucksichtigen

Grunland Agroforst verbessert C-Sequestrierung (P <0.01)
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Multifunctionality of temperate alley-cropping
agroforestry outperforms open cropland and
grassland
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Z-standardized value

Z-standardized value

Provision of food, fibre and fuel

Agroforestry
Soil nutrient cycling

Open cropland

B Grain yield

. Barley crude protein

H Barley crude starch

£ Wheat 1000-grain weight

E Wheat crude protein

g Wheat crude starch

' Canola 1000-grain weight
‘ Canola crude protein

- Canola crude fat

‘ Barley F. graminearum (inv.)
E Barley F. tricinctum (inv.)

EI Wheat F. graminearum (inv.)
£ Wheat F. tricinctum (inv.)

E Canola V. longisporum (inv.)

Z-standardized value

‘ Canola L. maculans (inv.)

. Gross N mineralization
- Plant-available P
$ Plant-available K

El Base saturation

E‘ Effective cation exchange
capacity
$ N-fixing gene abundance

Z-standardized value

a a
Agroforestry Open cropland

-2

-2

Carbon sequestration

Agroforestry
Habitat for soil biological activity

Open cropland

Agroforestry

Open cropland

‘ Tree aboveground
net primary production

' Root density
E Soil organic C

‘ Earthworm biomass
‘ Microbial biomass C
E Microbial biomass N
EI Bacterial abundance
EI Fungal abundance
$ Beta-glucosidase

www.julius-kuehn.de



Z-standardized value

Z-standardized value

Soil greenhouse gas abatement

2

Agroforestry

Erosion resistance

21

Open cropland

Agroforestry

Open cropland

B N0 emission (inv.)
. CH, flux (inv.)
£ Gross N,O uptake

Wind speed
North (inv,)

Wind
North-West (inv.)
Wind speed
West (inv.)

Days with
erosion risk (inv.)

Z-standardized value

Water regulation

Agroforestry

Open cropland

Actual
Evapotranspiration (inv.)
B Saturated conductivity

E Change in water storage

Total dissolved
N leaching (inv.)

£ Total P leaching (inv.)
£ Total S leaching (inv.)
B Na leaching (inv.)

M K leaching (inv.)

M Ca leaching (inv.)

. Mg leaching (inv.)
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Z-standardized value

Z-standardized value

Provision of food, ﬁbfe and fuel

Rl

- Grass yield
‘ Grass crude fibre
£ Grass crude protein

Agroforestry

Soil nutrient cycling
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Open grassland

Agroforestry

Open grassland

M Gross N mineralization
B Plant-available P
E Plant-available K

£ Base saturation
Effective cation exchange
capacity

E N-fixing gene abundance
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- Tree aboveground
net primary production
B Soil organic C

B Earthworm biomass
B Microbial biomass C
£3 Microbial biomass N
E Bacterial abundance
$ Fungal abundance
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