
Nitrate removal by riparian zones 

and floodplains and the risk of N2O 

emissions 

 

Stream Restoration: beyond geomorphology 

CWE Symposium 15 December 2011 
 

Mariet Hefting  

Ecology and Biodiversity 

Institute of Environmental Biology,  

Utrecht University, The Netherlands 



Contents 
» Introduction 

» Effects of soil moisture and flooding on 

denitrification  

» Effect of plants and organic matter on 

denitrification  

» Causes of local N2O hotspots  

» Effects of stream order and connectivity 

» Recommendations 

 

  



 

Can floodplains purify  

eutrophic stream water and if yes, how? 

INTRODUCTION 

N2, N2O 
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Riparian zones and floodplains as 

hot spots of nitrate removal 

McClain et al. 2003  

Biogeochemical hot spots: 

 ñareas (or patches) that exhibit 

disproportionately high reaction rates 

relative to the surrounding area (or 

matrix)ò  

 

 
 

Wallenstein et al 2006 

/ Water 



EFFECTS OF SOIL MOISTURE 

AND FLOODING ON 

DENITRIFICATION 

/ Water 
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Romania: forest, selected profiles
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AMMONIFICATION DENITRIFICATION NITRIFICATION 

GWT below 

30 cm 

Sum of N transformation process rates  

mg N kg -1 dry soil day -1 
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Sum of N transformation process rates  
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ERMAS   
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Water as a master variable for 

denitrification 

ÅWater flow connects source areas and 
sink areas 

 

ÅWater flow determines retention time = 
process time  

 

ÅWater level controls redox conditions 

 



EFFECTS OF 

PLANT(DIVERSITY) AND 

ORGANIC MATTER ON 

DENITRIFICATION 

/Water 
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Relatively low 

denitrification rates due 

to low OM contents in 

the soil in restored 

floodplains  

Antheunisse, Hefting en 

Bos 2008 STOWA rapport 

no 7 





Bastviken et al 2007 

Both quality and 

amounts of litter 

produced 

determine DEA 

Litter quality effects 

Litter quantity effects 
deep-rooted vegetation 

particularly important for 

increasing the depth of  

active denitrification zone 

in restored areas 
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Plant diversity does not seem to matteréPilot experiment in 

flooding treatment along the Hunze, Mouisie and Hefting  

N2O emissions from the field 

potential denitrification rates  



Beaulieu J J et al. PNAS 2011;108:214-219 



With organic topsoil   
Organic topsoil removed   

organic layer strongly influenced surface water infiltration  

vegetation did not influence surface water infiltration Aragon vd Broeke 2008 

With vegetation   No 

vegetation   



NITROUS OXIDE 
Can floodplains purify eutrophic stream 

water without enhanced greenhouse gas 

emissions?  

 

/ Water 
What causes hot spots 

and hot moments of 

nitrous oxide emission? 



Von Arnold et al., 2005 

Mathieu et al., 2008 

Velthof  & Oenema 1995 

Hotspot behaviour N2O emission 
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Van den Heuvel, Hefting et al,  2011 



DENITRIFICATION AND N2O 

EMISSION;  EFFECTS OF  

STREAM ORDER & 

CONNECTIVITY 

Can hydrologic ñreconnectionò of a stream 

to its floodplain increase rates of 

denitrification at the riparian-zoneïstream 

interface? 

 






