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Berge et al. (2019) defined the minimum amount of nutrients needed to meet a certain target 

yield to minimize losses as much as possible. Estimates for sub-Saharan Africa can be found 

at www.yieldgap.org. Assuming a certain food demand, applying less than the optimal 

amount of nutrients may result in either farmers expanding agricultural area to meet food 

demands or increasing food insecurity. Neither is a desirable alternative.  

The discussion above shows that from a systems perspective, the relation between fertiliser 

use and climate change is more complex than only the emission factors related to production 

and application. Reducing production or application of fertiliser might seem a logical way to 

decrease GHG emissions, but if yields decrease as a result then such reductions may have 

unintended and undesirable consequences including deforestation or food insecurity (Burney 

et al. 2010). On the contrary, when use of mineral fertilisers leads to increased yields, more 

biomass becomes available to increase carbon in agricultural soils (Han et al. 2018). As 

described here, indirect effects of fertiliser use include positive effects on carbon stored in 

soils, forests and grasslands either through increased productivity or avoided area expansion.  

Figure 1 displays the different relations between mineral fertiliser use and climate change 

mitigation and highlights uncertainties and feedbacks. Arrows 1 and 2 indicate CO2 and N2O 

emissions related to mineral fertiliser production and application. Arrow 3 indicates increases 

in yields due to nutrient supply from either mineral fertilisers or organic inputs. This is 

simplified, as in practice different types of mineral fertilisers (urea, NPK) will have different 

yield effects. Similarly, a range of organic inputs exist, some relatively nutrient-rich (manures 

or slurries) and others relatively carbon-rich (compost) with differing effects on crop yields 

and soil carbon sequestration.    
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As such, the carbon stock of a soil depends on biophysical factors, land use and management. 

Of these, only land use and management can be altered on a human time scale. A given 

change in land use or management will slowly lead to a new soil carbon stock equilibrium (a 

new equilibrium between carbon inputs and outputs). When the new equilibrium is reached, 

no additional carbon is stored or lost unless land use or management is changed again. Any 

measure to sequester soil carbon is therefore time-bound. Annual increases in soil carbon only 

take place in the initial years after changes in land use or management, and until a new soil 

carbon equilibrium is reached.  

Fertiliser use can increase soil carbon stocks by 1) increasing the amount of annual carbon 

inputs (crop residues) due to more biomass from higher yields; and 2) improvement of 

stoichiometric relations of crop residues returned to the soil, thereby increasing the formation 

rates of SOM. The first mechanism includes cases in which mineral fertiliser increases crop 

yields and availability of organic residues increases, which can increase soil carbon stocks if 

returned to the soil directly, after composting or as animal manure. The second mechanism 

may require more explanation. Here, stoichiometric relations refer mainly to the ratios 

between C and N in crop residues and soil. In straw, for example, the C:N ratio is around 70 

(Lal 1995), while SOM typically has a C:N ratio of 12 (Batjes 1996). This means that to 

sequester carbon from straw in the soil; additional N is needed (van Groenigen et al. 2017). 

Using a modelling approach Lugato et al. (2018) showed that more carbon is sequestered in 

soils when using residues from N-fixing cover crops with a lower C:N ratio (more similar to 

the C:N ratio of SOM) than when using crop residues with a higher C:N ratio. In the latter 

case, using mineral fertiliser can add N to the soil and enhance soil carbon sequestration 

(Kirkby et al. 2016). 

Actual impacts of mineral fertiliser on soil carbon can be assessed by analysing long-term 

trends from national survey data or by analysing data from long-term field experiments. Two 

recent meta-analyses based on 64 and 114 field experiments across the world found that SOM 

content was on average 8.5% and 8% higher in the topsoil of fields with mineral fertiliser 

application compared to unfertilized plots (Ladha et al. 2011, Geisseler and Scow 2014). In 

the large majority of these studies, soil was sampled between 0 and 15-30 cm, though 

sampling depth varied. Similarly, using soil surveys in China, Gao et al. (2018) found that 

long-term increases in soil carbon were associated with improved agronomic management, 

including increased fertiliser use. 



To assess which combinations of nutrient inputs (mineral fertiliser, organic inputs or a 

combination of both) contribute most to soil carbon sequestration, more in-depth analyses of 

long-term experiments is helpful. In the interpretation of results of such experiments, the 

initial SOM content is an important aspect to consider. When an experiment is set up on a 

field with previous grass or forest, the SOM content will decrease in all treatments, but a more 

optimal combination of nutrient inputs will lead to a smaller reduction in the soil carbon 

stock. Alternatively, if the SOM content at the start of an experiment is relatively low, 

particular combinations of nutrient management might be able to increase soil carbon stocks. 

A long-term experiment in Muencheberg, Germany shows that after 41 years the carbon 

stocks of the soils were higher when organic inputs were combined with mineral fertiliser, 

compared to only organic inputs or only mineral fertiliser (Figure 2). This is most visible in 

the treatment with a yearly addition of 4 t/ha straw alone. Adding straw for 41 years did not 

lead to a different carbon stock compared to the control treatment. However, a combination of 

the same amount of straw application with NPK mineral fertiliser did lead to an increase in 

carbon stock. 

 

Figure 2 . Percentage soil organic carbon in the upper 25 cm after 41 years of different 

nutrient management combinations at the long -term experiment  in Muencheberg , 

Germany (Data: personal communication Dietmar Barkusky, ZALF). FYM = farmyard 

manure. SOC = soil organic carbon.  

A long-term experiment in Bet Dagan, Israel shows similar results. After 30 years, soil carbon 

stocks were higher when organic inputs were combined with mineral fertiliser, compared to 
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