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Soil management and agroforestry: benefits for 
climate mitigation, yields, and resilience

Webinar: Farming with nature: support mitigating climate change and building resilience at farm and landscape level 
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Web of Science (1980–2021) Proceedings of the FAO Inter-
national Symposium (2014)

Word clouds of relative frequency of terms in agroecological publications

Proceedings of the Second FAO 
International Symposium (2018)

Agroecological Transformation 
for Sustainable Food Systems 
(Atta-Krah et al. 2021)

Ewert et al. 2023



JUSTUS-LIEBIG-UNIVERSITÄT GIESSENSoil health for sustainable soil functioning

25.10.2023 3

Soil quality / soil health: 
• Part of the environmental quality concept (beside water and air)
• Soil health → plant health → human health
• Chemical, physical and biological (soil biota) approach → dynamic

Bünemann et al., 2018

Indicators of a healthy soil: Biological Chemical Physical

Earthworms Labile C and N Infiltration

N Mineralisation 
(microbiological processes)

Micronutrients Aggregation

Microbial biomass Sodicity, salinity Porosity

Soil respîration Other macronutrients (Mg, S, Ca) Hydraulic conductivity

Heavy metals Penetration resistance

Available N, K,P Soil depth

Available N, K,P Structural stability

Available N, K,P Texture

pH Bulk density

Total organic matter / Carbon Water storage
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Soil quality / soil health: 
• Part of the environmental quality concept (beside water and air)
• Soil health → plant health → human health
• Chemical, physical and biological (soil biota) approach → dynamic

• Productivity of soils including the interactions of humans and soil 

Bünemann et al., 2018

Mangement affects soil health: 
• Avoidance of pesticides
• Avoidance contamination: microplastics, antibiotics, polluted irrigation water
• Improving soil biodiversity and beneficial microbial abundance
• Avoidance of compaction, improvement of physical structure
• Enhancing input of carbon!
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Nature friendly

Climate friendly

Action principles:

Agronomic /field management Land use change
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Legumes 
(grain / 
fodder)

Beneficial for biodiversity, water bodies, soil biota…

Total climate impact (C-sequestration, CO2, N2O, CH4), no leakage

System re-design

Improved 
crop 

rotationsCrop residue 
management

Cover crops
Reduced 

tillage

Rewetting of 
peatland 

/organic soils

Organic 
farming

Agroforestry 
/hegderows

Mixed crop-
livestock 
systems

Grazing 
management

Cropland to 
grassland

Organic 
mulch
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«Conventional without C input» «with C-input by compost»

(Mäder et al. 2002, Science) Chemical properties: nutrient retention, soil fertility
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resilience and  sustainable production

The same soils after heavy rain event
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«Conventional without C input»

»

«with C-input by compost»

(Mäder et al. 2002, Science) Physical properties: water infiltration, water retention
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→ Building resilience and maintaining yields
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Resilience building

(Schreefel et al. 2020)

Healthy soils 
maintain functioning

Yields: Long-term stability, 
sustainable production
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Soil organic matter is a key indicator for soil health
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CO2 – Uptake from 
athmosphere by crop 

photosynthesis

Wurzelreste

Wurzelausscheidungen

Humus formation

Root-C: 2.3-times higher humus 
formation potential than C from 
litter or residues (Kätterer et al. 2011)

Organic Matter (OM) input: 
Litter, crop residues, manure

Root exsudates
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Agroforestry: agricultural system re-design 
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Use of the same area:

➢ Spatial /temporal synergies between components

➢ Fostering ecosystem services and functioning

Pasture with trees or shrubs: 
silvopastoral agroforestry system

© Michael Hauschild

Cropland with trees or shrubs: 
silvoarable agroforestry system

Nair et al. 1993
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Minarsch et al. (under revision)

Different tree line designs

Tree (re-) integration in Landscapes 

Source: kaiser-photo.com/knicks-in-schleswig-holstein-2/

Source:  agricology.co.uk/resources/wakelyns-agroforestry-resilience-through-diversity
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Classes of small woody landscape features embedded 
within agricultural landscapes

linear

additional

patchy

Benefits for agricultural landscapes:
→ Above- and belowground carbon stocks (soil 

organic carbon and total biomass carbon)
→ Increasing biodiversity through habitat building, 

shelter 
→ Landscape connectivity

Golizc et al. 2021
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Golizc et al. 2021

Landscape structural change arising from inclusion 
of small woody features

Distribution of small woody features across Germany
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„Land Equivalent Ratio“ = 
𝐴𝐹𝑆𝑡𝑟𝑒𝑒 𝑦𝑖𝑒𝑙𝑑

𝑀𝑂𝑁𝑂𝑡𝑟𝑒𝑒 𝑦𝑖𝑒𝑙𝑑
+

𝐴𝐹𝑆𝑐𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑

𝑀𝑂𝑁𝑂𝑐𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑

MONO

AFS
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Jacobs et al. 2022

Microclimate and water balance effects at the 
field to landscape scale of the implementation of 
alley cropping systems 

→ Improving growing conditions under a 
changing climate
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System re-design: mixed crop-livestock systems

Redirecting the trend of farm spezialisation

➢ On farm system level (internal cycles)

➢ Or on territorial level (fodder – manure cooperatives)
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Foto Johannes Eisert

Ecological-functional intensification and circularity 

in the soil-plant-animal system

➢ Increasing efficiency and reducing yield gaps (e.g. in organic agriculture)

➢ Using natural processes and ecosystem services or functioning

➢ Close interaction of crop production and livestock keeping

➢ Symbioses, Synergies, multi-dimensionality (including bioeconomy) Agroecology
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Climate change mitigation and adaptation 
and sustainable production has to include 
farm (soil) management 
but also the value chain and circularity, 
consumer action and consumption pattern

→ Food System approach
→ Agroecology
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Van Zanten et al. (2019)



Thank you for your attention and joining the webinar
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Contact: wiebke.niether@agrar.uni-giessen.de
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