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PRESENTATION OUTLINE

e (Case study (canal network of the Po River lowland)

* Main hypothe5|s the presence of aquatic vegetatlon may

e 7 e C,o}mservative management of aquatic vegetation as a nature-based
\X/\ ~7solution: some perspectives for application 3
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Total N losses to aquatic systems [kg N km™yr™]
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NO; pollution in surface waters:
Are we making progress?
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Soana et al., 2023 — Sci Tot Env
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Po River basin
Rivers and streams ~ 4,500 km
Main canals > 50,000 km
Ditches > 100,000 km

Natural hydrographic network

Artificial hydrographic network
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The Po di Volano: an artificial irrigated watershed
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i) tight terrestrial-aquatic coupling (extensive and capillary distribution across the landscape) = first
point of contact for diffuse and point N loads entering the hydrological network

ii) occurrence of the three primary controls directly influencing the magnitude of denitrification
(anoxic environment, availability of NO," and organic carbon)

000 ] . 3 i . andscape scale

iii) high opportunity for N microbial processing (long /and use upstream area
. . . - wetland scal

hydraulic residence time and large ratio between wetiand vegetaton  nflowing load _ hydrauic load

biological active surfaces and water volumes carrying rocess scale
nu trient excess) Mitrate-availibility pH temperature

P C denitrification )y <

iv) frequent recirculation of water through the landscape
may maximize the interaction between bioreactive Carbon-avallibilty ~ Redox-conditions
surfaces and water volume, especially during spring and
summer when higher water temperatures (up to >25 °C)
stimulate microbial processes

wetland area wetland morphology retention time

climate




i Regulatory Scales of Denitrification
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Canals remain largely understudied compared to other
aquatic ecosystems and scarcely included in restoration
programs.
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Open questions concern how management practices of
the drainage networks may affect their N removal
capacity and how this may, in turn, affect broader-scale
N dynamics in agricultural catchments.
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Phragmites australis N l trog en rem O‘\fal
Typha latifolia =======

SN TN

Removal kgN km-1d-1

PS: point source pollution
NPS: non-point source pollution

PS PSV NPS NPSV
Po Delta

>20 reaches (Po di Volano basin)
>50 sampling events along the irrigation period

length 400-500 m, average width 3 m, -.\i-\ | S\
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homogeneous vegetation cover (if present) . NN — N R 2 %

.......

Pierobon et al., 2013 — CLEAN



NPS: non-point source pollution
PS: point source pollution
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Lagrangian sampling
OPEN-CHAN N E L v" N,:Ar analyses by Membrane Inlet Mass Spectrometry (MIMS)

/ DENITRIFICATION v A model-based approach is used to solve for denitrification rate

based on changes in N, concentration during riverine transport and
channel morphology (width and depth) affecting air-water gas
exchanges
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Rooted macrophytes promote a number of “hidden processes”, in the rhizosphere as well
as in the periphytic layer which covers stems and leaves.

Some of the main mechanisms through which macrophytes stimulate denitrification:

- Submersed tissues provide attachment surfaces for biofilms (consortia of bacteria
and microalgae)

- Oxygen injection into the rhizosphere creates a mosaic of oxic and anoxic niches,
where coupled nitrification-denitrification can occur

- Accumulation of organic matter (e.g. root exudate release, decaying plant litter)
provides to the benthic compartment both labile organic carbon and anoxic niches
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Seasonal evolution of a
“vegetated” canal in

the Po River lowland
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Brusabo Basso canal, Gradizza

Photo by A. Gavioli



Canal networks as denitrification hotspots:
TO MOW OR NOT TO MOW?
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3 the good ecological status under the WFD in waters draining into the
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= . o Parameterisation
F, Drivers of denitrification “ of N removal capacity

In which -
sections of the | e ' ,g iy
canal network Water velocity
should aquatic
vegetation be
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Summer mesocosm
with P. australis

29 cm

Mesocosm with
bare sediment

Winter mesocosm

with biofilms on

dead stems of
P, australis

Soana et al. 2020 —J Env Qual
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biofilm water
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Optimize nature-based solution design for
improving water treatment performance

Reclaimed
coastal plain

- increase the complexity of upscale - g ——
i o
models j e
- translate into monetary terms == :
- measure GHG emissions __---""" =T
,/""/ i Y e weaw
E OXIC zone ':2 N:o E
E Assimilation :
: N NO, NO, |
: |' 1 ] t b
— Organic N . ; !
: NH % Denitrification : : E
E ’4 N, ¢mmmmm N,O ¢mmm NO émmmm NO, dmmmmmm NO, |
1 | 1 Anammox ' I
: 1 " NoH, A :
: DNRA |

Comparative assessment of ecosystem services (water depuration) and disservices (GHG
-E::;%.jﬁ'.:':e,u,o,,aa ‘ [ ‘ B intoman emissions) in agricultural landscapes remains an open question

MextGenarationEL %" e della Ricerca




Received: 24 May 2019 Revised: 14 Oclober 2019 Agvepled: 21 October 2019 Published online: 15 January 2020

DO 100, 1002 e 2, 2NN

TECHNICAL REFORTS

Wetlands and Aquatic Processes

Nitrate availability affects denitrification
in Phragmites australis sediments

Elisa Anna Fano

Elisa Soana® | Anna Gavioli | Fabio Vincenzi |

Giuseppe Castaldelli

Chemosphere 213 (2014) 326332

Contents lists available &t Sciencelirect

Chemosphere

Journal homepage: www.elsevier.com/locate/chamosphere

Journal of Environmental Quality

Estimate of gas transfer velocity in the presence of emergent [
vegetation using argon as a tracer: Implications for whole-system | ==
denitrification measurements

Elisa Soana’, Elisa Anna Fano, Giuseppe Castaldelli

Dwpartent of Life Sciences and Biotechnology, University of Ferur, Via L Bovsari 46, 44121 Ferrure, Suly
| of Environmental Msnagement 204 (2021) 11301¢
Contents lists available at Scic

Journal of Environmental Management

journal homepage: www.olsevier com/l

catefjenviman

CLEAN

24

Enrica Plerobon
Giuseppe Castaldelli
Sara Mantovani
Fablo Vincenzi

Elisa Anna Fano

Research Article

Department of Biology and Evolution Sources of Pollution

University of Ferrara, Ferrara, ltaly

Contents lists available at ScienceDirect

Ecological Engineering

journal homepage: www.elseviar.com/locate/ecoleng

Nitrogen Removal in Vegetated and Unvegetated
Drainage Ditches Impacted by Diffuse and Point

B e ECOSYSTEM_Q "

2021 The Authan

Soil Air Water

Soil Denitrification, the Missing

Piece in the Puzzle of Nitrogen

Budget in Lowland Agricultural
Basins

Fabio Vincenzi,' Nicolo Colombani,?
and Giuseppe Castaldelli'*

Elisa Soana,'* ¢

Micol Mastrocicco,”® Elisa Anna Fano,'

artment

Matevials, Eav

To mow or not to mow: reed biofilms as denitrification hotspots in drainage | )
canals | ez

Elisa Soana”, Anna Gavioli, Flena Tamburini, Elisa Anna Fano, Giuseppe Castaldelli

Depareneat of Life Sciences and Biotechnology, University of Ferrara Via L Borsari 46, 44121 Farare. Raly

of Fire wntal M )

Contents lists available at ScionceDirect

Journal of Environmental Management

. water

Article

Introducing Life Cycle Assessment in Costs and
Benefits Analysis of Vegetation Management in
Drainage Canals of Lowland Agricultural Landscapes

1

Elena Tamburini 17, Elisa Soana »*{"’, Mauro Monti , Elisa Anna Fano !

and Giuseppe Castaldelli !

The achievement of Water Framework Directive goals through the
restoration of vegetation in agricultural canals

Elisa Soana , Elisa Anna Fano, Giuseppe Castaldelli

Deparoment of Life Sckences and Biotechnology, University of Ferrars, Vi L. Bersari 46, 44121, Ferrare, Iy

Seience of the Toral Environment 905 [2023) 1673351
Contents lists available at ScicnceDinect
Science of the Total Environment

journal hemepage: www.elsevier.com/locate/scitoteny

journal homepage: www elseviar corm yeate/jenvmar
= Research article
The effect of water velocity on nitrate removal in vegetated waterways
Giuseppe Castaldelli, Vassilis Aschonitis ', Fabio Vincenzi, Elisa Anna Fano, Elisa Soana’
Department of Life Sciences and Motechnology, University of Fersura, Via L Borsart 46, 44121 Ferrwra, Ivaly
") Science of the Tatal Enviconment 547 (2014 201-312
T

Contents lists availabla at ScianceDiract

Science of the Total Environment

journal homepage: www.alsevier.com/locate/scitoteny

Agriculture, Loosystems and Lavironment 212 (20151 255 262

Contents lisss avallable st Scienceliract

Agriculture, Ecosystems and Environment

journal homepage: www.elsevier.cam/incate/agas

Vegetated canals mitigate nitrogen surplus in agricultural watersheds @. »
razsMark

Giuseppe Castaldelli', Elisa Soana™’, Erica Racchetti®, Fabio Vincenzi®, Elisa Anna Fano’,

Marco Bartoli®

LV L Rersd 46 44171 Fenaon Il
4, 431204 Fma, aly

Henzment

An ounce of prevention is worth a pound of cure: Managing macrophytes
for nitrate mitigation in irrigated agricultural watersheds

Elisa Soana™*, Marco Bartoli °, Marco Milardi *, Elisa Anna Fano ", Giuseppe Castaldelli

Looking back to move forward: Restoring vegetated canals to meet missing

Conservative management of aquatic vegetation as a nature-based
solution to mitigate N pollution in lowland basins

Water Framework Directive goals in agricultural basins

Elisa Soana ™, Anna Gavioli”, Federica Neri”, Giuseppe Castaldelli

* Meparatens of Environmenis! and Frevention Sciences, Universly of Ferrara, Vio Luial Borsan 46, $4121 Fervara, lialy
" Ferrurn Fiuin Reclumativn Consorticm, Via Burgy dei Leord, 28, 44121 Ferruro, fiuly

Guek lex
v

Nitrogen Budget in a Lowland Coastal Area Within the Po River
Basin (Northern Italy): Multiple Evidences of Equilibrium
Between Sources and Internal Sinks

Giuseppe Castaldelli - Elisa Soana + Erica Racchetti - Enrica Pierobon -
Micol Mastrociceo + Enrico Tesini + Elisa Anna Fano + Marco Bartoli

Environmental Management (2013) 52:567-580
DOI 10.1007/00267-013-0052-6




Universita

gli Studi
Ferrara

ERegioneEmi]ia-Rumagna

NO_ EXCESS

Nitrogen Origin, EXport and Cycling
in coastal irrigatEd SettingS

Finanziato
dall'Unione europea
MNextGenerationEL

2022 Programme for Research Projects of National Interest

% Ministero
% dell'Universita

‘ ‘

‘ l l Italiadomani

#:7 e della Ricerca

Ferrara Land Reclamation Consortium (2020-ongoing)

Collaboration aimed at defining management strategies to control
eutrophication in the Po Delta

Po River basin District Authority (2020-2023)

Origin and dynamics of the nutrient loadings delivered by the Po River and
other basins flowing into the Adriatic Sea

University of Ferrara (2019-2024)
University Fund for Scientific Resedrch - FAR call

'Emllla Romagna Region (2014—2020)

Rural | Development Programme Ferrara Nitrates - Agricultural techniques to
prevent nitrates pol/ut/on and for the organic matter conservation

Emilia- Romagna Reglon (2022-2023) i

Post LIFE AGREE. Momtormg of the Valle di Gorino (Sacca di Goro) for the
definition of a management plqn in line with the Water Framework Directive

I | il



Thank you for ?
the attention! SEmeSIEEENT EXCESS’

" g ﬁ lE SFIDE DELL'AMBIENTE

I. @ . f . t ,, : B i n \ WA galac:ini del territorio
. Vé «Canale e cannuccia,
elisa.soana@unife.i | e >N nale e cannuccia,
s A N () torna di

" Thanks to :
Giuseppe Castaldelli; Fabie Vince ria
Anna Gavioli, Elena: Tomisc Ur mvers:ty of Ferrara)
Federica Neri ( Ferrara Land Reclamation Consortium)
Nicolo Colombani (Polytechnic University of Marche)
Micol Mastrocicco (University of Campania)

Chiara Sbarbati (University of Tuscia)

Marco Bartoli (University of Parma)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

