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ABSTRACT 
This study aims at comparing biogeochemical processes in a Vallisneria spiralis meadow and in unvegetated sediments in the 

upper reach of the Mincio River (Northern Italy). The main hypothesis of this work is that meadows of rooted macrophytes affect 
benthic metabolism, enhancing capacity to retain nutrients (assimilation) and dissipate (denitrification) nitrogen loadings. In order 
to highlight how plants affect benthic processes in the riverbed, oxygen, dissolved inorganic carbon (DIC), soluble reactive 
phosphorus (SRP) and inorganic nitrogen fluxes, together with denitrification rates, were measured from February to November 
2007 in intact cores collected from stands of V. spiralis and bare sediments. V. spiralis biomass, elemental composition and growth 
rates were concurrently measured. Macrophyte biomass ranged from 60 to 120 g m-2 (as dry matter); growth rates followed a 
seasonal pattern from 0.001 in winter up to 0.080 d-1 in summer. On an annual basis, the macrophyte meadow was autotrophic with 
net O2 production and dissolved inorganic carbon uptake, while the bare sediment was net heterotrophic. The concurrent N 
assimilation by macrophytes and losses through denitrification led to similar N uptake/dissipation rates, up to 2500 mmol m-2 y-1. 
Under the very high NO3

- concentrations of the Mincio River, the competition between primary production and denitrification 
processes was also avoided. A significant ammonium regeneration from sediments to the water column occurred in the V. spiralis 
meadow, where plant debris and particulate matter accumulated. Here, SRP was also released into the water column, whilst in the 
bare sediment SRP fluxes were close to zero. Overall, V. spiralis affected the benthic metabolism enhancing the ecosystem capacity 
to control nitrogen contamination. However, the actual N removal rates were not sufficient to mitigate the pollution discharge. 
 
Key words: Vallisneria spiralis, oxygen and carbon dioxide fluxes, phosphorus and nitrogen cycling, denitrification 

 

1. INTRODUCTION 

Eutrophication processes and the associated changes 
in community composition from submerged phan-
erogams to planktonic, macroalgal, or floating forms 
have been a central subject of recent research in shallow 
aquatic environments (Harlin & Rines 1993; Schramm 
1999; Scheffer et al. 2003; Viaroli et al. 2008 and refer-
ences therein). The loss of rhizophyte meadows is a 
consequence of excess organic matter and nutrient 
inputs, water turbidity and reducing conditions at the 
sediment level (Hauxwell & Valiela 2004). Overall, the 
shift of benthic vegetation resulting from rhizophytes 
displacement causes the loss or change of important 
ecosystem processes, i.e. nitrification coupled denitrifi-
cation. Rooted phanerogams have a well-recognised 
role as benthic regulators of biogeochemical cycles with 
implications also for benthic fauna and fish communi-
ties (Schramm 1999; Hemminga & Duarte 2000; Heck 
et al. 2003; Cronin et al. 2006). Phanerogams convert 
nutrients from inorganic into particulate and dissolved 
organic forms, control phytoplankton growth, retain 
suspended matter, stabilise surface sediments and pro-
vide nursery areas for invertebrates and fish (Phillips & 
Menez 1988; Newman 1991; Caffrey & Kemp 1992; 
Blanchet et al. 2004; Hasegawa et al. 2008). Addition-

ally, the radial oxygen loss from roots provides oxygen 
into anoxic sediments, which supports the reoxidation of 
reduced compounds (i.e., ammonium, methane and sul-
phides), the precipitation of soluble reactive phosphorus 
with ferric iron (Deborde et al. 2008) and the removal 
of nitrogen via nitrification coupled denitrification 
(Reddy et al. 1989; Caffrey & Kemp 1992; Ottosen et 
al. 1999). Due to their overall importance, seagrasses 
have been studied in transitional brackish zones and 
coastal environments all around the world (Bortone 
2000; Hemminga & Duarte 2000; Nielsen et al. 2004). 
Less attention has been dedicated to the submerged 
vegetation of freshwater environments, particularly in 
river ecosystems (Hilton et al. 2006).  

In most of developed countries, rivers are heavily 
impacted by anthropogenic activities through damming, 
water withdrawal for irrigation, trans-basin diversions, 
disturbance of lateral and longitudinal connectivity 
(Décamps et al. 1995; Naiman et al. 1995; Michener & 
Haeuber 1998; Sommer et al. 2001; Wissmar & Bisson 
2003; Adam et al. 2007). In regulated rivers, the altered 
hydrology affects solid transport and sedimentation 
rates and can amplify the effects of nutrient loadings, 
inducing eutrophication processes (Dodds 2006; Hilton 
et al. 2006; Rossetti et al. 2008). Current velocity and 
water turbulence have also been recognized as prime 
factors regulating growth and distribution of submerged 


