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Nitrogen deposition and European forest ecosystems

Stimulation of nitrification. N compounds converted to NO3
-

Soil N saturation and leaching

Emissions of NH3, NH4
+, NOx

Exposure of canopy to gaseous N-
compounds 

Compounds dissolved in rainfall enter forest 
ecosystem 



The literature

Soil pH and C:N ratios 

Tree species

Climate: rainfall, temperature

Altitude and slope

Many other studies exist outside of the long-term 
monitoring datasets and identify other influential 
variables



Our Aims

Investigate the effect of soil type, 
tree species, former and 

surrounding land use on the 
relationship between N-in and N-

out

Determine whether the literature 
aligns with the findings from the 
long-term monitoring datasets



Literature search

Species
Fagus sylvatica
Quercus petraea/robur
Betula pendula
Picea sitchensis
Pinus Sylvestris
Picea abies

Exposures Outcome Variables to explain 

exposure/outcome relationships

Tree species

Soil order

Land use history

Proximity to agriculture

Average annual temperature 

Average annual precipitation

Relationship between 

nitrate leaching fluxes 

and throughfall 

nitrate concentrations

Organic layer C:N ratio

Mineral topsoil (0-10cm) C:N ratio

Organic layer pH 

Mineral topsoil (0-10cm) pH

Soil texture 

Other considerations:
• Units
• Nitrate leaching fluxes only
• Throughfall nitrate only, not ammonium 

deposition



Data extraction

Literature included:
65 sites across 16 papers.
Individual studies
Afforestation chronosequences



N leaching positively related to throughfall nitrate

There was a significant (p < 0.05) positive relationship between nitrate leaching and throughfall nitrate (y = 0.35x+0.06).



Stepwise AIC: R2 = 0.11, p = 0.04

Difference in gradients not statistically 
significant (Figure 2, ANCOVA, F = 
0.547, p > 0.05). 

Even representation of broadleaf and 
conifers (n= 34 and 30 respectively)

1: Throughfall nitrate and tree species predict nitrate 
leaching…



2. …until sites on arable land are excluded

Former arable soils planted 
with broadleaves displayed 
unexpected relationship with 
throughfall N.

Therefore removed datapoints 
on arable soils and reran the 
stepwise AIC. 

Throughfall, former land use 
and soil order were then the 
best predictors : R2=0.46, p = 
0.06



3: The behaviour of arable sites afforested with broadleaves may be 
related to differences in the nutrient status of different soils 

There was a significant association between soil 
orders and different former land uses (Chi-
squared, X2=42.8, p < 0.001).

Former arable sites afforested with broadleaved 
species were typically found on alfisols. 

Alfisols are nutrient rich, and arable soils can 
have high P content. 

Broadleaf trees have a higher demand for P than 
conifers, and when lots of nutrients are available 
broadleaves grow well and can retain more N 
despite high inputs.



4: Soil order and former land use affected soil C:N 
ratios

Soil order affected mineral top soil C:N ratios and pH. Soil order affected organic soil C:N ratio but not pH.

Former land use affected organic layer C:N ratios but not mineral soil C:N ratios. Former land use did not affect soil pH.



5: Former land use effects were linked with tree age 
effects

Trees on afforested arable land were generally younger than those planted on other former land uses. 

Nitrate leaching increased with age until 50-80 years, then decreased. 



Getting further evidence

Further data on N-input vs N-output on secondary rotations, formerly coppiced 
land, and broadleaves planted on heathland/grassland 

ICP Level II dataset 
Data on available nutrients in soil solution e.g. P, to look for relationships with 
how this affects the N-input vs N-output relationship

Other PhD work
Conversion of coniferous forest to broadleaved forest- effect on nitrate leaching, 
nitrification, soil C:N ratios

More data to assess interactions between variables



What does all of this mean practically?

Broadleaf trees planted on 
arable land may have 
unexpected responses in N-
leaching to elevated 
deposition 
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soil N content



Tree harvesting and nutrient 
management regimes have 
long-term implications for 
soil N content

Broadleaf trees planted on 
arable land may have 
unexpected responses in N-
leaching to elevated 
deposition 

Consider the timescale over 
which afforestation can 
provide benefits to water 
quality

What does all of this mean practically?
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