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Nitrogen deposition 
• Three main global change drivers affecting the global biodiversity 

loss 
– Land use changes 
– Climate change 
– Nitrogen (N) deposition  

• Nitrogen deposition is related to human activities (food production 
and energy use) and it will increase in future scenarios 

Galloway et al., 2003; BioScience 53: 341-356Sala et al., 2000; Science 287:1770-1774



Gruber and Galloway, 2008; Nature 451: 293-296

Nitrogen deposition (cont.) 
• Nitrogen is a limiting nutrient of productivity in terrestrial ecosystems 

 
• Nowadays, the amount of N that is fixed naturally (120 Tg N) has been 

doubled  by human activities (mainly Haber-Bosch reaction, 125 Tg N) 
 



• There is not a proper monitoring network to sistematically evaluate N 
deposition loads (reduced vs. oxidized and dry vs. wet) in Spain 
 

• Existing atmospheric deposition models (EMEP) do not allow to accurately 
predict N deposition loads and forms and have not been validated with on 
site measurements 
 
 
 

Nitrogen deposition in Spain 



• Nitrogen deposition effects on semiarid Mediterranean regions are 
understudied 
 

• Previous results have shown negative effects of increased N deposition on 
annual plant communities (Ochoa-Hueso et al., 2013; Ecosystems) and reduced 
carbon storage in soil (Ochoa-Hueso et al., 2013; Environmental Pollution) 
 

• Soil organisms, including soil fauna, play numerous roles in terrestrial 
ecosystems, favouring plant litter decomposition and thus contributing to 
nutrient cycling 
 

• Nitrogen deposition effects on soil fauna could operate: 
 

• Directly: via increased eutrophication and negative effects of increased 
ammonium availability 
 

• Indirectly: via acidification; alterations in soil and litter C and N content; 
changes in plant communities; altered competitive intractions 

 
 

Nitrogen deposition in semiarid 
Mediterranean ecosystems 



How do we (and many others) study the impacts of 
N deposition in the semiarid Mediterranean Spain? 

 
– (1) Nitrogen fertilization experiments under controlled conditions (green-house, 

growth chambers, etc.) 
 

– (2) Nitrogen fertilization experiments under field conditions simulating (more or 
less realistic) N deposition scenarios 
 

– (3) Observational studies along previously identified atmospheric N deposition 
gradients 
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Semiarid Mediterranean shrublands 



• Semiarid Mediterranean shrubland (Aranjuez, Madrid, ~ 500-600 m a.s.l.)  
 

• Mean annual rainfall ~425 mm (October-May)  
 
• Calcareous soils (pH ~8); low phosphorus availability (< 1 ppm) 

 
• Experiment started in October 2007 

 
• 4 replicated treatments: 0, 10, 20 and 50 kg N ha-1 yr-1 over the ambient N 

deposition (6.1 kg N ha-1 yr-1) 
 

Study site in central Spain 
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Soil compartment

Biotic compartment



 

R² = 0.24; P < 0.05
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R² = 0.26; P < 0.05
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R² = 0.64; P < 0.05
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Relevant results for this study:  
soil chemistry 

Ochoa-Hueso et al., 2013; Science of the Total Environment 287:1770-1774 

eutrophication 

acidification 



• Soil sampling in autumn 2011 (after four years of experiment)  
 

• Extraction with Berlesse funnels  
 
• Identification of individuals to the order level 

 
• Statistical comparisons between N treatments (ANOVA; N as fixed factor and 

block as random factor) 
 

• Stepwise multiple linear regression between abundance of soil groups and soil 
chemistry and N fertilization loads 
 

• Regression analyses between soil fauna density and diversity and annual plant 
diversity 

Methods (soil fauna) 



Results (soil fauna) 
Collembolans (44.0%) 

Mites (45.5%) 

Pauropoda (3.3%) 

Coleoptera (0.9%) 

Insect larvae (0.4%) 

Nematods (2.0%) 

Oligochaeta (3.0%) 



Nitrogen Block Variable R 2 P Variable R 2 P Variable R 2 P
Collembola 4.02** 8.72*** pH (-) 0.49 <0.01 NH4-N (-) 0.62 <0.01 N deposition (+) 0.79 <0.01
Acari 1.54 2.64* pH (-) 0.32 <0.01 - -
Pauropoda 3.23* 1.31 N deposition (+) 0.29 0.01 - -
Nematoda 0.89 1.32 - - -
Oligochaeta 0.36 2.07 Cu (-) 0.19 0.03 - -
Coleoptera 0.55 1.03 - - -
Insect larvae 1.76 1.45 P2O5 (+) 0.18 0.04 C:N (-) 0.39 0.01 -
Collembola:Acari 1.17 3.04** Ca (-) 0.32 <0.01 - -
Total individuals 3.44** 6.87*** pH (-) 0.50 <0.01 NH4-N (-) 0.59 <0.01 N deposition (+) 0.82 <0.01
Richness 0.22 1.55 C:N (-) 0.19 0.04 - -
H' 1.49 5.61*** pH (+) 0.39 <0.01 - -

Stepwise linear regressionsANOVAs
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Results (soil fauna) 

acidification acidification ammonium ammonium eutrophication 



Results (soil fauna and plant 
diversity) 

R² = 0.3868
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• Soil fauna communities are greatly influenced by soil chemistry 
(mainly pH) but are also susceptible to be altered by increased N 
deposition 
 

• The main drivers of change under increased N deposition are soil 
acidification and increased ammonium in soils where nitrate is 
usually the dominant mineral N form 
 

• Changes in annual plant communities due to increased N deposition 
could also indirectly impact on soil fauna communities 
 

• Pauropoda and Collembola could be used as biological indicators of 
increased N deposition at the national scale. This should be further 
evaluated. 

Conclusions 
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