Paludiculture is paludifuture:
agpicultunt and [orestny on rewetted peatlind

Growing global population,
increasing prosperity in
emerging economies and the
exploding demand for biofuels
have worldwide renewed the
attention for peatlands.

Oil palm and pulp plantations are
running unhindered over tropical
peatswamps, peatlands in Europe are
being re-drained for food and biofuel
crops. Not only biodiversity is at
stake: biofuel production on drained
peatland generally generates far
more greenhouse gases (GHGs) than
it saves. Rewetting drained peatlands,
in contrast, reduces emissions
substantially. Even more emissions

are avoided by paludiculture: by using

biomass from rewetted peatlands to
replace fossil raw materials and fossil
fuels.

What is paludiculture?

Paludiculture (lat. ‘palus’ = swamp),
the cultivation of biomass on wet and
rewetted peatlands, is an innovative
alternative to conventional drainage-
based peatland agri- and silviculture

Text: Wendelin Wichtmann, Franziska Tanneberger,
Sabine Wichmann and Hans Joosten

(Wichtmann & Joosten 2007).
Ideally the peatlands should be so
wet that peat is conserved and peat
accumulation is maintained or re-
installed. Paludiculture uses that part
of net primary production (NPP) that

is not necessary for peat formation
(which may amount to 80-90% of
NPP). In the temperate, subtropical

Utilisation Plant growth Harvest Q*
Agricultural Ex situ fodder (hay, silage) Wet meadows, reeds Early summer ++
In situ fodder (grazing) Wet meadows, reeds Whole year ++
Litter Carex meadows, reeds Summer/autumn 0
Compost Wet meadows, reeds Late summer 0
Industrial Roofing material Reeds Winter ++
Form-bodies Wet meadows, reeds Autumn/winter +
Construction/insulation Phragmites reeds Winter ++/0
Paper (cellulose) Phalaris-Phragmites reeds Winter +
Basket-ware Willow shrubs Autumn ++
Timber/furniture/veneer Alder swamps Frost ++
Energetic Direct combustion and gasification Alder/willow swamps, reeds Autumn/winter 0
Fermentation Wet meadows, reeds Early summer +
Liquid ‘sun fuels’ Wet meadows, reeds Whole year 0
Other Officinal Natural mires/plantations Early summer ++
Food Natural mires/plantations Summer/autumn ++
Growing media Peatmoss stands Whole year ++
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and tropical zones, i.e. those zones of
the world where plant productivity

is high, peat is generally formed by
roots and rhizomes, and mires by
nature hold vegetation of which
aboveground parts can be harvested
without harming peat formation. The
quintessence of paludiculture is to
cultivate plants that

¢ thrive under wet conditions,

e produce biomass of sufficient
quantity and quality, and

e contribute to peat formation.

There is much commercial potential
in using biomass from wet and
rewetted peatlands (Tab. 1). Beside
traditional agricultural uses for
fodder and bedding, biomass can be
used as a raw material for industry
and for energy generation. On highly
degraded nutrient-rich sites, planting
of reeds or trees before rewetting
can speed up the establishment of
desired stands.

Climate aspects

Drainage of peatlands for
conventional agriculture, forestry and
peat extraction and the use of peat
for energy and growing media are
currently worldwide responsible for
CO, emissions of 2 gigatons (= 2,000
megatons) per year, i.e. for 6% of the
total anthropogenic CO, emissions
(Joosten 2009).
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Recent efforts to mitigate
anthropogenic GHG emissions
include substituting fossil fuels by
biofuels, i.e. fuels produced from
biomass with a short regeneration
cycle. Also drained peatlands are
increasingly used for the production
of biomass fuels. Such cultivation
(e.g. oil palm in Southeast Asia,
sugar cane in Florida, maize and

miscanthus in temperate Europe,
and part of the peatland forest wood
in Scandinavia) generally leads to
(much) larger CO, emissions from the
oxidizing peat soil than can be saved
by replacing fossil fuels (Couwenberg
2007, Wicke et al. 2008, Sarkkola
2008).

Biogas from maize cultivated on
drained peatlands, for example,
leads to emissions of some 880 t CO,
per terajoule (TJ) produced energy,
palm oil from peatland to 600 t CO,
T This is much higher than the
CO, emissions from combustion of
fossil fuels like peat (106 TJ?), coal
(anthracite, 98 TJ%), oil (73 TJ?) or
natural gas (52 TJ) (IPCC 2006).
Paludicultures on rewetted drained
peatlands, in contrast, contribute
to climate change mitigation in two
ways:

e by reducing GHG emissions from
drained peatland soils (Fig. 1),

e by replacing fossil resources by

renewable biomass alternatives.
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An example of the positive

climatic effect of paludiculture is
the cultivation of common reed
(Phragmites australis) on rewetted
peatland. The rewetting as such
results in a GHG emission reduction
of some 15t CO,eq ha™ a™ (Fig. 1).
With a conservative yield of 12 t DM
ha! and a heating value of 17.5 MJ
kg DM, the reed of one hectare can
replace fossil fuels in a cogeneration
plant that would otherwise emit
15t CO,. Assuming GHG emissions
from handling (mowing, transport,
storage, delivery and operation of
the combustion plant) to amount to
21t CO,eq ha, using reed biomass
from paludiculture would thus avoid
emissions of almost 30 t CO, eq ha™
a* (Wichmann & Wichtmann 2009).

Biodiversity aspects

Rewetting of drained peatland

is generally beneficial for nature
conservation as strongly degraded
peatlands are biodiversity deserts.
When agricultural land use and
peat oxidation have enriched

the soil with nutrients, rewetting
often leads to high productive but
species-poor vegetation. Regular
harvesting of the biomass then

keeps the vegetation short and the
litter layer thin, reduces the trophic
level and allows low competitive
species to establish and hold ground.
An example is the Aquatic Warbler
(Acrocephalus paludicola), a fen mire
flagship species and the only globally
threatened passerine species of
continental Europe. The species had
its natural habitat in low productive
fen mires with permanently high
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water levels. With increasing
drainage and eutrophication, the
warbler became more and more land
use dependent, because only regular
cutting maintains the open, sparse
vegetation the species requires
(Tanneberger et al. 2010).

On the other hand, biomass use

may also conflict with nature
conservation, e.g. when early cutting
for biogas production destroys
breeding habitats or when winter
harvesting leaves insufficient old-
grown reed. To prevent conflicts clear
priorities have to be formulated.

In case of areas designated as
conservation sites, paludiculture
must be considered as a cost-
effective management option,
instrumental but ancillary to
conservation.

On former strongly degraded

sites, where any rewetting

and management will increase
biodiversity, climate benefits

can prevail. Here, monitoring

is recommended to detect the
appearance of protected species and
habitats and to be able to modify
management. Care has to be taken,
however, that the new biodiversity
values do not frustrate paludiculture
management that has caused the
re-appearance of these values in the
first place.




Economic implications

In the temperate zone most
drained peatland was used as
pasture or meadow. Nowadays
large areas are abandoned because
of progressive soil degradation,
insufficient productivity, too low
fodder quality for dairy cattle,

and regional decline in livestock.
Grazing for meat production, e.g.
by suckler cows or lambs, generates
deficits of several hundred Euro per
hectare per year and fully depends
on agricultural subsidies (Plachter
& Hampicke 2010). The continued
costs of drainage - with all external
diseconomies - are, furthermore,
largely borne by society, not by the
individual user.

Paludicultures offer an alternative
agricultural future for degraded
peatlands. Although special wetland-
adapted harvest machinery is
required, thermal utilisation of
winter harvested Phragmites reeds
in Northeast-Germany can fully
compete with Miscanthus or straw
from mineral soils also without
subsidies or payments for

ecological services. For individual
farms, the perspectives of
paludiculture are decisively
determined by the agricultural
subsidies that competitive (but
unsustainable!) land use options
receive (e.g. EU direct payments), not
by objective economic costs

and revenues (Wichmann &
Wichtmann 2009).

Paludicultures provide valuable
ecosystem services that are not (yet)
paid, including reduction of GHG
emissions, protection of ground- and
surface water, retention of water in
the landscape and conservation of
biodiversity. From a macroeconomic
point of view, transfer payments to
farms that put paludiculture into
practise are therefore a very cost-
effective way to fulfil international
commitments with respect to
protecting climate, water and
biodiversity.

Conclusions

Paludiculture is agricultural
production on rewetted peatland

that does not degrade the peat layer
and even adds to peat accumulation.

Paludiculture

e decreases GHG emissions
from the peat sail,

¢ allows the production of “clean”
biomass that hardly competes with
food production, and

e restores and maintains habitats for
rare and threatened species.

The use of biomass fuels from
drained peat soils perversely results
in higher emissions than using fossil
fuels. Drained peatlands should
therefore not be stocked with
biomass energy crops, but rewetted
and used for paludiculture.

References

Couwenberg, J. (2007): Biomass energy
crops on peatlands: on emissions and
perversions. IMCG Newsletter 2007/3:
12-14.

Couwenberg, J., Augustin, J., Michaelis,
D. & Joosten, H. (2008): Emission
reductions from rewetting of
peatlands. Towards a field guide for
the assessment of greenhouse gas
emissions from Central European
peatlands. Duene Greifswald / RSPB
Sandy. 28 pp.

IPCC (2006): IPCC Guidelines for National
Greenhouse Gas Inventories Volume
2: Energy. http://www.ipcc-nggip.iges.
or.jp/public/2006gl/vol2.htm

Joosten, H. (2009): The Global Peatland
CO, Picture. Peatland status and
drainage related emissions in all
countries of the world. Wetlands
International, Ede. 35 pp.

Plachter, H. & U. Hampicke (eds.)
(2010): Large-scale livestock grazing.
A management tool for nature
conservation. Springer, Berlin. 400 pp.

Sarkkola, S. (ed.) 2008. Greenhouse
impacts of the use of peat and peatlands
in Finland. Research Programme Final
Report. Ministry of Agriculture and
Forestry, Helsinki, 72 pp.

Tanneberger, F., Flade, M., Preiksa, Z. &
Schréder, B. (2010) Habitat selection of
the globally threatened Aquatic Warbler
at the western margin of the breeding
range and implications for management.
Ibis 152: 347-358.

Wichmann, S. & Wichtmann, W.

(2009): Bericht zum Forschungs- und
Entwicklungsprojekt Energiebiomasse
aus Niedermooren (ENIM). Institut

fur Botanik und Landschaftsékologie,
Greifswald, 192 pp. http://paludiculture.
botanik.uni-greifswald.de/documents/
enim_endbericht_2009.pdf

Wichtmann, W. & Joosten, H. (2007):
Paludiculture: peat formation and
renewable resources from rewetted
peatlands. IMCG-Newsletter 2007/3:
24-28.

Wichtmann, W. Knapp, M. & Joosten, H.
(2000): Verwertung der Biomasse aus
der Offenhaltung von Niedermooren.
Zeitschrift fur Kulturtechnik und
Landentwicklung 41: 32-36.

Wicke, B., Dornburg, V., Junginger, M.

& Faaij, M. (2008): Different palm oil
production systems for energy purposes
and their greenhouse gas implications.
Biomass and Bioenergy 32: 1322-1337.

Wendelin Wichtmann, Franziska
Tanneberger, Sabine Wichmann
and Hans Joosten

Greifswald University, Institute of
Botany and Landscape Ecology
Institute for Sustainable Development
of Landscapes (DUENE e.V.)
Michael Succow Foundation for the
Protection of Nature

Grimmer Str. 88

D-17487 Greifswald, Germany
email: wicht@uni-greifswald.de

51



