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N fertilization in boreal forest impacts on GHG

In this study, we investigated the effects of long-term N 
fertilization on soil CO2, CH4, and N2O fluxes and SOC stocks 
in a boreal Scots pine forest. We hypothesized the following:

i. 
Increased soil nitrogen availability would enhance soil 
organic carbon (SOC) accumulation and heterotrophic 
respiration (Rh) due to greater biomass growth and litter 
inputs, while SOC-normalized Rh (Rh/SOC) would decline 
due to reduced microbial nitrogen mining.

ii. 
Nitrogen fertilization would alter CH4 oxidation and increase 
N2O emissions compared to N-limited soils, reflecting shifts 
in microbial activity and substrate availability.
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Study site: Scots pine forest in Finland
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Measurements and data analysis:

• Tree inventory and litterfall
• Soil organic carbon (SOC) 

stock
• Soil greenhouse gas (GHG) 

fluxes, temperature, and 
moisture

(i) local polynomial regression (LOESS), 
(ii) nonlinear least-squares (NLS) regression

A one-way ANOVA was employed to test the effect 
of N fertilization on greenhouse gas (GHG) fluxes.

Rh/SOC dependency on T and SWC separately for the N-
fertilized (N+) and control (CTR) plots was evaluated with:



RESULTS: N increased biomass, litter and SOC  
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RESULTS: N fertilization effected mean CO2, CH4, and N2O fluxes 
     but not SOC-normalized CO2 (Rh/SOC)
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RESULTS: N fertilization altered  Rh/SOC dependencies on 
T and SWC
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RESULTS: Seasonal and annual differences in  Rh/SOC 
between CTR and N+ plots
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CONCLUSIONS:
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• Importance to include effect of SWC on annual CO2 fluxes. N+ increased  
Rh/SOC sensitivity to T which results in annually increased SOC loss. N+ 
reduced  Rh/SOC sensitivity to SWC which results in annually reduced SOC loss  
and lead to increased SOC retention

• Although nitrogen fertilization slightly reduced CH4 uptake and increased 
N2O emissions, the overall effect was a reduction in net soil CO2 emissions. 
Fertilized soils released around 10.3% of their stored carbon per year, 
compared to 12.2% in unfertilized plots — a difference that equates to 345 
grams less CO2 per square meter per year on average.

• N fertilization of boreal Scots pine forest has a climate change mitigation 
potential. Long-term nitrogen addition may stabilize carbon storage in 
originally N limited boreal forest soils and reduce their climate warming 
potential by altering responses to warming and moisture changes.



Thank  you for your attention! Questions?
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