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Background – relations between fertiliser use 

and GHG emissions
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SOC built up after 41 years (1963-2004) in experiment Muencheberg

Fertiliser use and soil carbon sequestration

3Source: Personal communication Dietmar Barkusky (ZALF)



Soil carbon sequestration and N2O emissions

4Bos, J.F.F.P., ten Berge, H.F.M., Verhagen, J., van Ittersum, M.K., 2017. Trade-offs in soil fertility management 

on arable farms. Agricultural Systems.



Soil carbon sequestration and crop yields
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Hijbeek, R., van Ittersum, M.K., ten Berge, H.F.M., Gort, G., Spiegel, H., Whitmore, A.P., 2017. Do organic inputs 

matter – a meta-analysis of additional yield effects for arable crops in Europe. Plant and Soil 411, 293-303.

20 experiments across Europe
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Soil carbon sequestration and crop yields

Hijbeek, R., van Ittersum, M.K., ten Berge, H.F.M., Gort, G., Spiegel, H., Whitmore, A.P., 2017. Do organic inputs 

matter – a meta-analysis of additional yield effects for arable crops in Europe. Plant and Soil 411, 293-303.
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Soil carbon sequestration and crop yields

Hijbeek, R., Ittersum, M.K., Berge, H.F.M.t., Whitmore, A.P., 2018. Evidence review indicates a re-think on the 

impact of organic inputs and soil organic matter on crop yield, International Fertiliser Society, Cambridge, UK.

A meta-analysis of meta-analyses?

• 14 meta-analyses

• across all continents

• 17 different methods

• >1000 experiments

• Outcome depends on method used



8Hijbeek, R., Ittersum, M.K., Berge, H.F.M.t., Whitmore, A.P., 2018. Evidence review indicates a re-think on the 

impact of organic inputs and soil organic matter on crop yield, International Fertiliser Society, Cambridge, UK.

Soil carbon sequestration and crop yields

USDABlaskó Lajos



Increasing yields and GHG emissions in SSA
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How to achieve self sufficiency for maize in 2050?

▪ Scenario 1: yields as in current situation

▪ Scenario 2: yield trends extrapolated

▪ Scenario 3: yields increase to 50% of potential yield

▪ Scenario 4: yields increase to 80% potential yield

Nine countries: Ethiopia, Kenya, Tanzania, Uganda, Zambia, Burkina Faso, Mali, 

Ghana, Nigeria

M.P. van Loon, R. Hijbeek, H. F. M ten Berge, V. de Sy, G.A. ten Broeke, D. Solomon, M.K. van Ittersum (2019, to 

be submitted). Intensifying or expanding cereal cropping in Africa: impacts on greenhouse gas emissions

increasing 

yields



10

Using minimal N input requirements 

(N input = N uptake)

Agronomic N efficiency:

between 46 to 52 additional grain yield/kg N)

increasing yields
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M.P. van Loon, R. Hijbeek, H. F. M ten Berge, V. de Sy, G.A. ten Broeke, D. Solomon, M.K. van Ittersum (2019, to 

be submitted). Intensifying or expanding cereal cropping in Africa: impacts on greenhouse gas emissions

Increasing yields and GHG emissions in SSA



What are current levels of Agronomic N efficiency in SSA?

11ten Berge, H.F.M., Hijbeek, R., Van Loon, M.P., Rurinda, J., Tesfaye, K., Zingore, S., Craufurd, P., van Heerwaarden, J., Brentrup, F., Schröder, J.J., Boogaard, H.L., de 

Groot, H.L.E., van Ittersum, M.K., 2019 (in press). Nutrient input requirements for target maize yields in sub-Saharan Africa. Global Food Security.

Overall mean ANE: 

14.5 + 3.1 additional kg grain yield/

kg N applied

OFRA database



12ten Berge, H.F.M., Hijbeek, R., Van Loon, M.P., Rurinda, J., Tesfaye, K., Zingore, S., Craufurd, P., van Heerwaarden, J., Brentrup, F., Schröder, J.J., Boogaard, H.L., de 

Groot, H.L.E., van Ittersum, M.K., 2019 (in press). Nutrient input requirements for target maize yields in sub-Saharan Africa. Global Food Security.

What are current levels of Agronomic N efficiency in SSA?

TAMASA nutrient omission trials (NOTs):

• Ethiopia (n=82)

• Tanzania (n=202)

• Nigeria (n=167)

Overall mean ANE: 

14.3 + 0.8 additional kg grain yield/

kg N applied



Increasing yields and GHG emissions in SSA (current 

agronomic N efficiency)
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increasing yields
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Using current mean Agronomic N efficiency:

14.3 additional grain yield/kg N

M.P. van Loon, R. Hijbeek, H. F. M ten Berge, V. de Sy, G.A. ten Broeke, D. Solomon, M.K. van Ittersum (2019, to 

be submitted). Intensifying or expanding cereal cropping in Africa: impacts on greenhouse gas emissions



Reflection and conclusions
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▪ Still many unknowns on fertiliser use and climate change mitigation

▪ Fertiliser use might contribute to SOC sequestration – but effects 

are always temporarily and trade-offs exist with N2O emissions

▪ Increasing Agronomic N efficiency might be most promising for CC 

mitigation with mutual benefits for farmers



Questions?
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