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N retention in slightly and highly 

channelized sub-catchments

(Ebro River, Spain) 
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Trepel & Palmeri, 2002 – Ecol Eng

canal (or ditch) 

AND 

NO
3

-
removal (or denitrification)

Total: 449

Scopus, September 2018

Canal and ditches are “linear wetlands”

Total records for other freshwater aquatic ecosystems: 

wetlands 3360, rivers 2662, lakes 1635

Parameterize N removal in relation to 

biotic (e.g. presence of emergent 

vegetation and biofilms) and abiotic 

drivers (e.g. NO
3

-
availability, water 

velocity, temperature) 

Evaluate the watershed-scale effectiveness 

of the N removal capacity of the canal 

network
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MESOCOSM

Laboratory incubations

(benthic fluxes of gases and nutrients,

isotope pairing)

CANAL

Open-channel denitrification
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Plant N uptake

WATERSHED

Upscale of in-ditch denitrification

N budget in agricultural land
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Multiple spatial scales

Multiple experimental approaches

Conventional vs. innovative methods

from m to km

from mm to cm

Up to thousands of km



 Lagrangian sampling

 N
2
:Ar analyses by Membrane 

Inlet Mass Spectrometry (MIMS)

 A model-based approach is used

to solve for denitrification rate

based on changes in N
2

concentration during riverine

transport and channel physical

characteristics (width and depth)

affecting air-water gas exchangesN
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PS: point source pollution

NPS: non-point source pollution

24 canal reaches

> 50 sampling events during the vegetative phase

Phragmites australis

Typha latifolia

Po River

Adriatic

Sea

Po Delta

C



What does what: 

direct and indirect

contribution of 

aquatic vegetation

BIOFILM
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Sediment with P. australis

Dark and light incubations

Water temperature: 25°C

Gradient of water velocity

Velocity (cm s
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)
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SCENARIOS 

vegetation maintenance

5%, 25%, 50%, 90% 

of the network lenght

vegetation management

current vs conservative

Vegetated condition

predictive relationships 

between water NO
3

-
and 

reach-scale NO
3

-
removal rates 

(experimental data)

Unvegetated condition

denitrification rates as a function of 

NO
3

-
, O

2
and sedimentary oxygen

demand (diffusion-reaction model 

based on ARPA dataset)
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Upscaling the NO
3

-
removal capacity form local hot spots

to the ditch network of the Po River lowland

Area < 50 m a.s.l.

9,100 km
2 
(~90% arable land)

1.8 million inhabitants

~ 18,500 km of canals and ditches

LOMBARDIA
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Po River export to the 

Adriatic Sea ~110,000 t N yr
-1

(Viaroli, Soana et al. 2018 STOTEN)

Vegetated ditches:

the “new” wetlands?

present scenario



SUMMING UP

 “Macrophyte landscape” modulates ecosystem‐level N loss through 

the tightly coupled plant‐microbe interactions (ecosystem engineer )

 Ditch network: an artificial feature characterizing highly productive 

areas, but also a metabolic regulator 

 Multiple evidences of the possibility to efficiently control N excess 

in a worldwide hotspot of eutrophication by the ecosystemic

function of N removal via denitrification in the ditch network

 Bringing back aquatic vegetation in ditches and canals of agricultural 

watersheds might contribute to the achievement of the WFD 

missing goals on eutrophication
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