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Review of scenario analyses to reduce agricultural nitrogen and \Drmwa-k

phosphorus loading to the aquatic environment

Hashemi *, Jorgen E. Olesen, Tommy Dalgaard, Christen D. Bargesen




Scenarios

Predictive Explorative Normative
Forecasts What-it External  Strategic Preserving Transforming
What will happen? What can happen? How to reach the target?

Bérgeson et al., 2006. Futures
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Main factors (1/2)
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European Nitrogen Assessment, Chap. 13

N losses are related to N budgets of the
catchments, but the relationship is strongly
dependent on climate

N losses is related to proportion of agriculture in
the catchments, but the relationship is complex



Main factors (2/2)

Dominant source control for N Dominant flow control for P
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* N : Land use > climate > nutrient budgets > nutrient inputs > landscape structure
* P: Land use > climate > landscape structure > nutrient inputs > nutrient budget
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Legacy...
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ReV|eW Of reSU|tS (from Hashemi et al. 2016)

The most frequently tested : decrease fertilisers

-For P : usually little or no effects on the short term (need first to decrease P legacy in soil by soil
mining)

-For N : for 10 kg/ha less, the decrease in emissions at the catchment scale varies from almost 0 to
~ 5 kg/ha
Land use changes
arable -> forest , arable -> set aside, arable ->grassland : not surprisingly, decline of nutrient emissions, BUT
the ratio between the magnitude of reduction and the proportion of conversion is widely variable...
Spatially targeted changes are more efficient

Other agricultural practices

Optimizing nutrient use efficiency in livestock systems

No till or conservation tillage (although at the field scale it is not that clear : suspicion on models?)
Catch crops, cover crops

Buffer strips, riparian zones...

Tested alone or combined, always beneficial, but also with very variable results

In most cases, as far as eutrophication limitation is concerned, preverving scenarios are not sufficient to reach
the objectives and transforming scenarios were mostly built as an academic exercise



A case study from Brittany...
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Lieue de Greve . an emblematic site in Brittany
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Main characteristics Lieue de Greve

N50% algae if < 8 mg NO, /I (Menesguen, 1999) - total area 12 km?, 5 streams
(1.8 N-NO,) - 12 villages, 13 500 inhabitants
Mean current concentration : 30 mg/l NO, - Agricultural area 8 500 ha,
(6.8 N-NO,)

- 170 farmers, 85% dairy farms (east
and west: intensive pig/veget)



ACASSYA Project

C. Gascuel-Odoux, L. Ruiz, L. Aquilina, M.O. Cordier, L. Delaby, P. Durand,
L. Hubert-Moy, J.L. Peyraud, E. Ramat, M. Sebilo, Z. Thomas, F. Vertes.

Supporting the agro-ecological evolution of animal
production systems in coastal catchments
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+ stakeholder partners : LTA, CPA Lieue de Greve, CA22, CRAB, IE, Cedapa

Main guestion : is it possible to reconcile agriculture and good ecological status of the bay?



Method, partners

e combining the use of coupled models with a participatory approach in which 10 pilot farmers
engage themselves to change their production system

Co-building of
scenarios with CRAB, LTA

actors : pilot farm\ SAS, PL IE
in evolution

Coupling models :
- AH catchment scale
- farm functionning

i Farms varying by structure, production
- SAS,PL, and objectives, physical conditions, ...
Farmers dynamics and motivation

Adapted from Lehenhardt et al., EMS, 2012



TNT2 : a model designed to analyse scenarios of changing cultivation practices and
landscape management : fully distributed, coupling a detailed crop model and a
hydrological model accounting for soil-groundwater interactions (->riparian buffers)

TNT2 : from agriculture management at the field scale...
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First iteration : preserving scenarlos... and a
destructive one!

NO3 concentration at the outlet mg/L
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N budget: reconstruction of past evolution
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N budget: going on decreasing N inputs

Ag. load: - 23 kgN/ha/y
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Increase N use efficiency of the systems while keeping them

profitable:
-replace annual crops by grassland
-decrease the high-protein complementation of milking cows

->decreasing grazing pressure and enhanced N recycling

Moreau et al., AGEE, 2012



system consistency?

-Feeding the cows to sustain milk production (main income)

-Being able to manage animal waste according to the regulations

-Sustain the economic margin by compensating every loss of income (e.g.
decrease of cash crop area) by a decrease in charges

Generic Catchment
technical physiographic
Farm operation Climate  settings
strategy
>
Farm p—" L'oR
. TF distribution
constraints|
=
b TF
—P»Scheduler "
B Waste Distributionin time
> IF allocation and space
of crop and waste
S

Field and farm output
N and water in soil, GW, river

Farm optimisation functions

Farm decision
level

Catchment
level

Crop and waste
allocation

Moreau et al., Agr. Syst, 2013
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Results : significant decrease of N fluxes without decrease of milk production...
but still not enough to reach N limitation concentrations!
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Testing landscape management scenarios




Effects of hedgerow networks on N fluxes
140 m/ha 48 m/ha no hedge

66 kg.y?

65 kg.y L8N
>I

reduction

66 kg.y!

+/- 2%

N Flux

at the outlet 62 kg.y*

reduction
64 kg.y!

haut

Up and down upslope downslope
Benhamou et al., 2013, Agr. Wat. Manag.



Riparian zone set aside: fast and
efficient...but no miracle
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Conclusion
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