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SUMMARY

Sphagnum farmingthe production oSphagnunbiomass on rewetted boghelps towardsachiewing global
climate goaldy halting greenhouse gas emissions from drained peat and by replacingtip@atenewable
biomassalternative Largescale implementationf Sphagnum farmingequiresa wide range oknow-how,
from initial species selectiomp to thefinal productionand usef Sphagnunibiomass basegrowing mediadn
horticulture This article provides an overview of relevakhowledgeaccumulatedverthe lastl5 yearsand
identifiesopen questions.

KEY WORDS: bog, founder material, harvedborticulture,management, paludiculture, Paris Agreement,
peatlandpeat mosssustainable land usejater quality

INTRODUCTION included in national climate commitmengsg in the
German Climate Action Plan 2050 (BMUB 2016).
To achieve the ai ms FGGC tSphagnankfarmingleads ordyéoraeaduciion ¢f U N
2015)-i.e. to limit global average temperatuio less greenhouse gasnissions from land use by rewetting
than 2°C abovepre-industriallevels- net greenhouse drained peatlands, but also teplacement of a
gas emissionsust start to decrease in the comingstrategic fossil resource by a renewable alternative.
few yearsandbe reduced to zero by 2050 (Figueres Largescalémplementatiorof Sphagnunfiarming
et al. 2017). Drained peatlands cover only 0.5 % ofequires knowledge encompassip the entire
t h e E&land sutfage buglobally contribute 5 % production sequene, from the selection of
of anthropic greenhouse gas emissions (Jo@iteh cultivation materialacquisitionof foundermaterial
2016) and 32 % of cropland emissions (Carlsbal.  establishmentand managemenof the production
2017). The importance of rewetting degradedite up to harvesing, transport and storage tiie
peatlandgor greenhouse gas emissiaesluctionin ~ biomass and its subsequent processing and
the land use sector is widely recogpd (Leifeld &  application ingrowing media This article reviews
Menichetti 2018) Qustainable peatland use conceptsthe available information, including experience
as well agherepla@ment ofpeat in growing medja gained fromSphagnumvegetation restoratiomand
are promulgatedby the UN Food and Agriculture Sphagnungathering(seeBox 1 and Table 1) and
Organisation (Biancalani & Avagyan 2014) andidentifies gapsequiringfurther research



BOX 1

In recent times interest in fre@phagnummo s s a s  das bgen incceasipglbéit with different
backgrounds and aims. In this respect it is useful to distinguish betfneefatiowingthree types of actiwt

Sphagnumvegetation restorationaimsto re-establishSphagnundominated vegetation on degraded b
(including sites wherepeat extractin has occurredfor nature conservation, erosion control or car
sequestration witho intention to harvest thee-established mosses.¢ Wheeleret al. 1995, Shuttleworth
et al 2015, Gonzélez & Rochefort 2014, Clarkstral 2017, Karofeldet al 2016, 2017)

Sphagnumgathering is the collecion of Sphagnun{e.g for orchid cultivation)from wild populations
which arenot (orminimally) manage to maintain otincrea® yields.Sphagnungathering takes placag.
in Chile (Zegerst al. 2006, FIA 2009, [az & Silva 2012), Australasia (Denne 1988ixtonet al 1996,
Whinam & Buxton 1997) and recently also in Finland (Sileaal.2012, 2017Joosten 2017)

Sphagnum farming aimsto cultivate Sphagnunbiomass for harvesgriginally as founder material fo
restoration (Money 1994), but increasinglpwadaysas an agriculturalcrop, e.g as a raw material fo
horticultural growing media (Gaudigt al. 2014, 2017 Pouliot et d. 2015). This new type of peatlar
agriculture includsthe selection of highly productive species and active management to maximise

Table 1.0verview of selectephagnunv e get at i on r e 8 haand&Sphagnum fgoming jri@sc t s
Smaller Sphagnumvegetation restoration projectsve beenmplemented e.g in Estonia (near Tassi),
Germany (peatland Dalumer Moor), LithuarfisgAu k gt u ma |l a the &mtedl Kingddm (Wates).d
Further information atvww.sphagnumfarming.com

Size in ha
Location Country Former land use total area | Duration
(moss area)
Sphagnumvegetation restorationon degraded bogs
Quebec (16 sites) Canada milled peat extraction 575 since 1995
New Brunswick (10 sites) Canada milled peat extraction 167 since 1997
Saskatchewan (2 sites) Canada milled peat extraction 83 since 1999
Manitoba (1 site) Canada milled peat extraction 220 since 2006
Alberta (4 sites) Canada milled peat extraction 92 since 2009
liperveld The Netherlands grassland 3) since 2013
Sphagnum farming on cutover bog
SaintMargueriteMarie Canada block-cut peat extraction (1.6) 1992 2001
Shippagan 1 Canada block-cut peat extraction| 3.6(2.5) 2004 2012
Ramsloh Germany milled peat extraction (0.12) 2004 2014
Shippagan 2 Canada block-cut peat extraction| 2.0(0.6) since 2012
Twist (Drenth) Germany milled peat extraction 5.0(2.6) since 2015
Twist (Provinzialmoor) Germany milled peat extraction 5.0(2.3) since 2015
Malpils Latvia milled peat extraction (0.2) since 2015
Sphagnum farming on former drained bog grassland
Rastede ‘ Germany grassand ‘ 14.0(5.6) ’ since2011
Sphagnum farming on other degraded bogs
remnant of natural bog
SaintModeste Canada within milled peat 1.0(0.3 since2013
extrection field




SELECTION OF CULTIVATION MATERIAL propertiesthat may influence productivity include
sex and ploidy. Several species havdioecious

Sphagnum farmings dmilar to other agricultural gametophytegi.e. of differentsexe$, e.g S. fallax

practicegn that itaimsto maximiseyields and limit  (Westonet al.2018).

costs. A first step is the selection of cultivation The role of ploidy deservesextra attention

material on the basis of productivity and suitapilit Polyploid varietiesof many agicultural crops display

for the intended use of tloeop. higherproductivity and resistandban varieties with
lower ploidy (Henry & Nevo 2014. About 70 % of
Productivity all Sphagnhumspecieshave haploid gametophytes

Natural productivity of Sphagnumvaries widely with chromosome numben=19 while a smaller
among species. Global average dry biomasggortionhaven=238 (Cronberg 1993)Populationsof
production is 260 g rAyr?!, while the maximum some species,e.g S. papillosum have both
measured value is 1450 g?iyr (Gunnarsson 2005). chromosome number§hese speciemay provide
The highestmean valueshave beenreported for valuableinsightsinto the link between ploidy and
Sphagnum cristatung840 g m2 yrt), Sohagnum yield. Further researcls neededn the relatioship
falcatulum(770g m2 yrt) and Sophagnumsubnitens betweerSphagnungenotypes (ineldingploidy) and
(590 g n? yr't) growing under hypeoceanic climate productivity, as well aghe role of sexin this context
conditions in New Zealand (Stokest al. 1999,
Gunnarsson 2005), f@hagnumfuscum(800 g ¥  Suitability for the intended purposes
yr?), Sohagnummagellanicum(790 g n? yrY) and Sphagnumbiomass isalready an important raw
Sphagnumrubellum (960 g n¥ yrt) in the German material for many valuable products (Poulétal
humid Rhoen mountains (Overbeck & Happact2015, Glatzel & Rochefort 2017). Requiremefuts
1957), and forSphagnum palustre in the warm biomass quality depend ¢imeend use.
temperate, humid Kolkheti Lowlands in Georgia Compactnessi.e. dry massper unit length of
(mean 575 g myr?; Krebset al. 2016). Species of moss as well asthe number of open pores in the
the ohagnunrecurvumgroup grow under relatively Sphagnumleaves and stemsdetermines water
eutrophic conditions with generally high naturalholding capacity and capillarityc{ Hayward &
productivity (Gunnarsson 2005). Clymo 1982, Titus & Wagner 1984), which &n
So far, only randomly sampled material from wildimportantdeerminant ofsuitability asaraw material
populations of a few speciesSghagnum fallax for growing media ¢f. Jacobset al 2009. Plant
Sphagnum fimbriatum Sphagnum flavicomans cultivation experiments showthat numerous
S.fuscum S. magellanicumShagnumpapillosum  Sphagnunspeciexan beusal in growing media (see
S. palustreS. rubellunihas been tested in Sphagnunmd Ap p | i ¢ @&phiagnumbioméss in growing
farming field trials (Krebset al. 2012,Gaudiget al. me d ,ipagé 16alsoAppendiy.
2014,2017;Pouliotet al.2015, Grakt al 2017) ad Largely entire Sphagnumplants from Sections
several more species have been tested in theutifolia, Cuspidata Rigida Sphagnum and
glasshouse efg Campeau & Rochefort 1996, Subsecunda partially dried, are suitable for
Johnson 1998, Picard 2010, Gaueligal 2014). absorling toxic substances or oil (Hagehal 1990).
Selecton of highly productive wild provenances Intact, undecomposesphagnunis dso requiredfor
will lead toincreasd productivity. The existence of hygiene productsnd surgical dressinggd-or many
a genetic bsis for productvity is illustrated bythe years Sphagnumwas an officially recognised
differences between taxonomical sections of the pharmaceutal productin Britain, where sirgical
genus Sphagnum While most species ofSectiors  dressings were madmm fiSohagnumimbricatun,
Acutifolia and Sphagnumare charactesed bylow S. palustre S. magellanicumand S. papillosum
rates of production anddecomposition species of during World Wai, althoughfiS. recurvurd wasnot
SectionCuspidatahavehigher productivitybut also  suitable (Hotsor1918,1921).
higher decomposition rate (Johnson & Damman
1991). However, poductivity is also depeneht on
site conditionssuch as water regimeand nutrient AVAILABILITY, COLLECTION AND
availability (Rydin & McDonald 1985, Aertet al. PRODUCTION OF FOUNDER MATERIAL
1992, Lamersgt al 2000 Limpens & Berendse 2003
seeManagi ng a Sphagmpages fSphagninfaming iequieedthat sufficiSphagnum
10i 130f this review. Cultivation (andesearchwill — material is available to populate the fields. Various
be requiredo optimise betweesite conditions and founder materials may bepplied, each with their
genotyps. Apart from genotype, other genetic own multiplication procedures.



Sphagnumspores Rochefort2003) The ideal time is at the ons®f
Using Sphagnunsporesasfoundermaterial has the thawing after a frost perigdvhenthe thawed upper
advantage that the resultingltures arespeciespure  centimetres of vegetation can be scraped off. In
and free from weedsFurthermorethe material is various countries, the scarcity and conservation
genetically divers (a result of sexual reproduction) status ofSphagnunmosses constrain the availability
Gahlert et al (2012) found thatspreading of of donor matrial from wild populations.
Sphagnumspores on rewetted bog did not lead to
germination, whereaspores germinated within one Multiplying shoots for founder material
week if they werespreadin petri dishes filled with An alternative to usingphagnunshoots from wild
peat,sterilised Sphagnunbiomass or nutrient agar in populations to populate new fields is to use shoots
a glasshouse Plantlets developed from sporesfrom already existing Sphagnum farming fiel&sr
established successfully in the figldorming example, lheinitial Rastede Splgnum farming site
numerous new capitula within three months. was partly established using cultivat&phagnum
The potential availability of spores agounder from the Ramsloh site (Gaudig & Krebs 20Hs)d
materialis large sinceone capsule hold$8500 to the extension of Rastedieom 4 hato 14 hain total,
240,000 sporesSundberg & Rydin 19983nd eah  usedSphagnunharvested from 0.64 ha of the initial
spore has potential tgrow into anew plant The Rastede Sphagnum farming site (after five y@ars

practicality of using spores &sundermaterial isstill  growth) as founder material for a new.8 ha
limited, however,becausedioecious speciegrely  Sphagnunproduction field.
sporulatgL.ongton 192, Cronberg 1993capsulegan Themultiplication rate ofSphagnunmaterial can

only be collectednanually, and théactors inducing be increasedby cultivation under more contrefil
sporulation and germination are incompletely conditions. By cultivating vegetativBphagnunon

understoodSundberg 2000Gahlertet al 2019. horticultural fleece in a shaded open greenhouse with
sprinkle irrigation, a tenfold higher multiplication
Sphagnumshoots rate of speciepure founder material with fewer

Sphagnummay regenerate from the smallest planiveeds was achieved compared to Sphagnum farming
parts (and even from brownish-coloured materia)) fields on bogs@. Schadé per®nalcommunication
but not from single leaves (Clymo & Duckett 1986,2014). To increase founder material production even
Poschlod & Pfadenhauer 1989). This higagpacity further by allowing growth in all directions,
for vegetative regeneration makghoots usefufor  submerged cultivation &phagnunhas been tested.
both direct application as founder material and foiThe mosses grew walinder noraxenic conditions
multiplication prior to application. Campeau & but their growth rate did not exceed that of mosses
Rochefort (1996) testedirectly appliedfragment growing on peat (Gaudiget al. 2014). The
lengths from 0.5 to 2 cm withoutfinding any  multiplication rate may be much highemder axenic
difference in capitula density after three mongifis conditions because the absence of fagiswing
growth Lawn thickness and cover increased faster fompetitors like algae, fungi and bactesghould
large (510 cm) rather than small (0.00.3 cm) eliminate nutrient (including CO,) and light
fragments were usdaudiget al.2014). limitation. However, he creation of axenic
conditions is a challenge. Axenic cultivation starting
GatheringSphagnunshootsfrom wild populations  from sterilised spores was tested successfully in
Shootsfor useasfoundermaterial may be collected bioreactors (Rudolpbt al. 1988, Beikeet al. 2014)
from wild populations by hand (picking, raking or the latter authorgeporting a 3€old increase in
cutting) or machine éxcavator equipped with a Sphagnum dry mass ithin  four weeks.
shovel, a bloclcut peat extraction device or a Micropropagation Services (EM) Ltd. specialises in
mowing bucket Figuresl and 7. In the Canadian vegetative micropropagation o$phagnumfrom
6 moss | aydrechmiaqsd G@,r Gmmall eamplgs efdsourde anaterial to produce easily
vegetation restoration purposes, the total vegetatiaand uniformly applicable juvenile planesmbedded
is transferred from a donsiteto therestoration site in liquid or firm gel or as plugs (Capoet al. 2018).
(Quinty & Rochefort 2003).
Collecting depth should not exceed 10 cm to allovstorage of shoots
satisfactory regeneration of the donor site (Campedroad implementation of Sphagnum farming will
& Rochefort 1996). In North America, collection require storage and transportation $phagnum
over frozen ground has pravsuccessful (Quinty & shoots. A test witfSphagnum palustreshowed that

L Company Niedersachsische Rasenkulturen NIRA GmbH & Co. KG, Germany, wraxai



G.Gaudeitg 8PHAGNUM FARMI NG: A REVI EW

fresh shoots are more vitahd thus,better suited as Site selection
founder material than shoots stored irefrigerator Sphagnum farming may take place on a variety of
at 6°C for more than three months. The latter stillsubstrates. Experienad Sphagnuntultivation has
develop lawns, but with significantly lower been gained on cuaver bogs after milled peat
productivity than fresh nases (Pragest al 2012). extraction, on cubver bogs after blockut peat
To reduce the abundance of weeds, storingxtraction, on former draide bog grassland, on
Sphagnunm piles in the field for several months wasatrtificial floating mats, in rice paddy fields and in
tested in Canadawith positive results Hogue glasshouses (on/in water, on peaBig(re 2.
Hugron & Rochefort, unpulished data), although Sphagnuntultivation on artificial floating mats and
further tests are needed to providesaplanation rafts has beentested in Japan (Hoshi 2017) and
Germany (Blievernichet al. 2013) Wichmannet al
(2017) describe proceduresfor largescale
SETTING UP A SPHAGNUM FARMING SITE implementation andhe associated high costs and
risks (damagéy wind, waves, ice drifeand water
Depending orits initial condition preparation of a birds). Hence, we foculsere on soibasedoutdoor
Sphagnunfiarming sitemayincludesurfacdevelling, Sphagnum farmingon peat substrate. Climate
creation of infrastructure for water management an¢precipitation, temperature), characteristics of the
the establishment &phagnuncover. peat laye{chemistry, hydraulic conductivity) and the

Figure 1.Manual (a, b) and mechanio@, d) Sphagnungatheringfrom wild populationsfor founder
materialin Germany (a) and Canada ¢c)commercial use in Chil@) andFinland(d). In (a) only the uppel
5 cm of halfa Sphagnumhummock wascut to favour regpwth. Photos:a) Jan Kdbbing,b) Christel
Oberpaurg) Peatland Ecology Research Graum d)Matthias Krebs
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availability and quality of water are of majorand managementrequirements for individual
importance for successful Sphagnum farg(Brust Sphagnum farming sites.

et al 2018). In addition to site selection, these

starting conditions influence the planning, settipy  Surface levelling

Site preparationmust creat an even horizontal
surface to ensure optimal watevelsover theentire
Sphagnumproduction field after rewetting Sites
from which peat blocks have been agnsistof
separate depressiofesg 10i 20 m wide, 50 m long
in Canada whose floors must be leveled. Milled
peatextraction leavelarge areagseveral hectares)
with more or lesgplanebut often slopingsurfacs.
Levellingmaybe effectednanually €.g using rakes
and wooden planks)n small areas, or withrdcked
vehicles equipped withradingbladesonlarger sites
On sloping sitesterraceswith different water lgel
targetsmust be constructetb ensure watetable
levels within a few centimetre®f the soil surface
over the entire aregQuinty & Rochefort 2003,
Blankenburg 2004 If theremainingupper peat layer
has become hydrophobicafter peat extraction
(Quinty & Rochefort 2003pr platelike, it may be
necessary tgcrag off about5 cm with a cultivator
bulldozer, an endless screw or an excavagiore
spreadinghe Sphagnunfioundermaterial

On former bog grassland Rastede Germany,
thefertilised, limed and degraded topsoil {30 cm)
was removedwith an excavatoto createan even,
horizontal peat surfaceand to construct causeways
for management and harviegt (Wichmannet al.
2017,Figure 3. Whethertopsoil remowal on former
bog grasslani necessaryand the depth of soil that
should be removed, hastyetbeen finallyclarified.
However, topsoil removalshould be mininsed to
reduce cost and carbon losse&n alternative
approachadoped in a recentSphagnunvegetation
restoratiortrial on wet grasslanéh Wales (UK)was
to fully invert the topsoil to produce a rougiserface
for Sphagnum establishment (S.J.M. Caporn
unpublsheddatg.

The peat surface is likely to moweifferentially
over time due to peaswelling or frost action
(Groeneveld & Rochefort 2002, Gaudigal 2017)
but mustbekept flat during the establishment phase

Infrastructure for water management
Productive Sphagnum farming sites require water
tablesthat ae permanently close to the moss surface,

Figure 2 Overviews of Sphagnum farming site ~ making infrastructure for irrigation (tsupply water

a) on cutover bog in Canada; ln former bog  during droughts) and drainage (to avoid prolonged
grassland in Germany (Rastede) on cutover flooding and erosion of moss fragments) essential.

bog in Germany (Drenthiand d) on floating mat: Possible sources afigation waterwhosesuitability

ona lake in Germany. PhotasyPeatland Ecology ~ depends on water qualitysee Vat er gqual i t

ResearclGroup b) ASEA aerial ¢) JanKébbing ~ pagell), include streams, ditches, wells, porzatsl
and d)Matthias Krebs artificial water resesoirs. Pratical experienceof
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improving water quality for example using tableistoo high (ised at th&hippagan 2 and Saint
helophyte filterqconstructed wetlands stockedth  Modestesites in CanadaOutflowsshouldbe easily
helophyte} which could potentiallyremove large  adjustable to allow the water table to rias the
amounts of sola@s(e.g Landet al 2019, is not yet surface of th&Sphagnuntawn grows upwards
available. Regulation of both inflow and outflow is
Various types of pumps have been tested necessary for mtimal water management. Manual
Sphagnum farmingcf. Wichmannet al 2017). water management requires frequent staff attendance,
Electric pumps needpower, either from the especiay during the growing season. Automatic
electricity net(mains supplypr from wind turbines water managemehiasbeentestedn Germany athe
or solar panels with additional batteries to bridgdRastede and Drenth pilot sitdthree and seven
periods ofiark lulld Wind pumps are comparatively irrigation units, respectively and in Canada at
cheap butmay not adequately cover nmds with  Shippagan 2 and SaiModeste, but an electronic
little wind and high evapotranspiratioflowever, control centre magequire very high investment costs
they can be supplementedth a mobile electric (Wichmann et al 2017). Instaling a simple
pumpandgenerator as an emergency power unit. automatic regulation system for every individual
Small ditches, subsurface pipes, drip systems dfrigation unit seems to be more reliable and cost
sprinklers (for filtered water) can be ugedransport effective. At Rastede, Shippagan 2 and Saint
irrigation water from the pump to th8phagnum Modeste electric pumps are swited onand off at
production fields §igure 4. The irrigation system preset minimum and maximum watdevels,
must be carefully adjusted to each individuaimonitored by two sensors in the irrigation ditches.
Sphagnum farming site, with maximum distances
between the irrigation elements depending on th8phagnumestablishment
hydraulic conductivity of the upper peat layerg Rapid and successful establishment of a closed
5m in strongly hum f i ed ( 60 bl e alk 69phagnh@tawndid agkey early stage in Sphagnum
2017)or1020 m in sl ightl y hfarmng.f iSphlagnind wioduttigty ) ingreased
(Gaudiget al. 2014, Browret al. 2017). substantially as soon as vitdivé green)Sphagnum
To avoid flooding, thenaximum water tableevel  covers X0 % of the peat surface (Gaueigal 2017)
in the fied must be regulateby an outflow Simple and desiccation tolerance of the moss lawn increases.
but effective outflow constrictions include pipe Nextto quality and quantity of ttfgphagnunfiounder
bendsandweirs Figure 4. Inané a dj u st a braterial] isite cddiftons are imortant factors for
a float valve opensautomatically wherthe water  Sphagnunestablishment

Figure 3 Setting up a Sphagnum farming site on former bog grassland in Germany (Rastedgpn
excavator fora) removal of the degraded topsaildb) construction of causeways and irrigation ditch
Photos: Sabine Wichmann
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Figure 4 Water management components for Sphagnum farming sites: a) electric pump (Rbkinbit)
into the irrigation ditches (Rasteda)) drip irrigation (Drenth)d ) 6adjustabl e
(Shippagan 2)e) outlet with a data logger (Rasted®)outlet (SaintModeste). Photos:)ande) Sabine
Wichmann, b) Greta Gaudig, c) Dorothea Rammgandf) Peatland Ecology Research Group
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Introductionof Sphagnum the growing seasofwhen long frost periods are no
The higher the cover @phagnunfounder material, longer probable) becausige establishment phase is
the faster a close®phagmm lawn will establish prolongedin winter, when Sphagnumgrows only
(Campeau & Rochefort 1996 pplication ofaloose  slowly (Lutt 1992,cf. Krebset al 2016). Moreover,
Sphagnumlayer 1i5 cm thick encourages its moss fragments applied in spriace less likely tde
establishment (Quinty & Rochefort 2003, Gaudtg washed away by snowmelt water.

al. 2017). Quinty & Rochefort (2003) suggest Vital fragmentsor juvenile plants ofSphagnum
~100m3 of Sphagnummaterial per hectare for are spread on the newly prepared bare peat surface
successfully reestablishingsphagnunvegetationon ( see &6 Sur f, page § elthervby hahdi (at g 6
cutover bog drearatio 1:10 between collectioend small scale, in bass or on very wet sitese.g
restoration site with ~10 cm collecting depth), a Ramslohand both Twist sites) or with a manure
volume that was used by Poulittal (2015) for the spreader mounted on a tracked vehielg (Rastede,
Shippagan 1 Sphagnum farming site in Canada. Aff. Wichmannret al. 2017)(Figure §. Machinegerd

the Rastede Sphagnum farming sitenorth-west to spreadthe Sphagnunmunevenly, making manual
Germany~ 80 m3of Sphagnunfiounder materigber  reworking necessary &nsure uniform cover.
hectarg(70i 80 % cove)y with manual replenishment Micropropagated mosses in liquid gel (see
of gaps in the developing moss carpets one year af@rMu | t i pl yi ng shoot pagefjor f o
installation (~10 m3 Sphagnumper hectar¢ was stick to the pat surface and gain good capillary
sufficient for successful establishment withincontactasint he GO0 hydr os ofdvibien g6 me
1.5years (Gaudigt al. 2014, Wichmanet al 2017). (1995).In thelastthreeyears plugshavesuccessfully
Sphagnunfragments should be applied at the start obeen applied foBphagnunvegetationrestoration in

Figure 5 Spreading oSphagnunand straw mulcha) manually b) mechanicallyby a tractor drivingallong
the edge of the fielgulling a manure spreader or a machine that blows the simgthe site or by c)
loading founder material onto a maaspreader mounted artracked vehiclerhich then d) drives directl
onthefield. Photosa) andb) Peatland Ecology Research Grar)fgabine Wichmanandd) lensescape.orc



the southern Pennines (England) and in Wales.desiccation (Krebgt al unpublished data). On the
Techniques to upscale the planting of microother hand, a (straw) cover leads to more balanced
propagated mtarials (beads, gel, plugs) are currentlysurface temperatures (lower during daytime and
beingdevelopedCaporretal. 2018).Theuseofgelin  higher at night; Quinty & Rochefort 2003), which
Sphagnunfarminghasnotyetbeenestednthefield. = may encourageSphagnumgrowth by avoiding
Especially when optimal water tables cannot béemperatres above 27C, which reduce
ensurede.g when surface height differences occumphotosynthesis (Johansson & Linder 1980), and by
even after levelling (Gaudiet al. 2017), it might be providing higher temperatures at night (Gereloél.
advantageous to introduce a mixtureSghagnum 1998, Robroelket d. 2007a). However, his effect has
species with different water table demanad. ( notyetbeen tested in Sphagnum farming sites with
Andruset al. 1983). Under conditions of fluctuating continuously higtwater tables.
water table (mean depthiZB8 cm below surface in
summer), Chirineet al (2006) foundhatSphagnum
species established better in monoculture than MANAGING A S PHAGNUM FARMING SITE
mixturesIn CanadaRicard2010)describednixtures
with S. fallaxas beneficial for improving the yields Commercial Sphagnum farmingvimlves regular on
of targeted specieS( magellanicunS. papillosurp  site controls, precise water management, weed
during prolonged drought. Iroatrast, Limpenstal.  management of production fields, cleaning of
(2003) supposed that a mixture with papillosum irrigation ditches and mowingf causeways.
reduced drought stress 8¢ fallaxon a hummock,
while Robroeket al. (2007b) identified intensity and
frequency of rain events as important for th
expansion of hollow species inummocks. More Wate table management in the establishment phase
research is needed to determine whether and undédfater managemeniust be very precise and
which conditions a mixture of differer@8phagnum therefore carefully controlled especially during the
species promotes biomass production. establishment phas&phagnunfragments lying on
If prepared sites cannot immediately be populatethe peat surface are sensitive to desiccation as they
with Sphagnunmaterial it may be useful to cover theare more vulnerable to water losses than a dense
bare peat with geotextile to prevent the establishmer§phagnumawn (Price & Whitehead 2001, Pried

eWater management

of weeds (S. Hoguklugron unpublished data). al. 2003). Campeau & Rochefort (1996) found
highestgrowth rates oSphagnunfragmens at water
Protective cover tablelevel 5 cm below the peat surface. Inundation

Quinty & Rochefort (2003) recommend a loose straumust be avoided to prevent washing away of founder
mulch cover (minimum 3000 kg Hafor improving  material (Rocheforét al 2002, Tuittilaet al 2003).
microclimate (higher relative humidity, more stable
temperatures). Straw cover may also support th&/ater table management in the production phase
establishment of micropropagat&phagnumin gel Several studies have shown that the growth of
(Capornet al 2018.). Straw thickness should notSphagnumnis highest at high water tables (close to,
exceed 3 cm to allow sufficient light teach the but below, the capitula), regardless of the natural
Sphagnunfragments (Gaudigt al 2017) because ecological niche of the species (Hayward & Clymo
moss growth is reduced when shading exceed$ 50 1983, Litt 1992, Robroe#t al 2009). Under natural
(Clymo & Hayward 1982). condtions, Sphagnumgrowth is often reduced in

Straw can be applied manually, with a trackegummer because of water deficits (Robratkal
manure spreader driving over the field, or with a&2009, Rydin & Jeglum @9). Thus, n Sphagnum
machine that blows the straaver the field from the farming it may be opportune to overcome this deficit
side Figure 9. This technology could be improved by direct water supply.
in terms of the width and uniformity of spreading.

In a largescale Sphagnum farming project in Quantitative water demand
Drenth (Germany),Sphagnumfragments covered Sphagnum farmingsites with drained and dry
with geotextile (500 shade) grew muchare slowly  surroundings €.g in degraded bog landscapes) are
than Sphagnumfragments covered with straw, subject to downward and sideward seepage and
probably because the watsaturated geotextileled i ncr eased evapotranspiratict
to anoxic conditions (Gradt al.2017). If a sufficient effec t 6 ( E d o nese2r@réabed watef losses
water supply can be ensured, covering3phagnum have to becompensated, especially during (warm)
fragments is unnecessary for protectiogaiast periods with &eadyhigh evapotranspiratiolosses



(Brustet al. 2018). ThereforeSphagnunproduction The quality of theirrigation wateris determine
fields requireirrigation to maintainhigh water tables by its origin. In Canadajrrigation wateris usually
and soil moisture levels (suction pressudsPrice takenfrom natural peatland lakgShippagan Por
etal. 2003) Annual rrigation volumes amountedn ~ water drained from peat extraction fieldSaint
average to 1600 n?¥ per hectae of Sphagnum Modeste. Drainage water from agricultutgl used
production field(160 mm)atthe Rasted&phagnum surroundingsmay have high loads of nitrogen (N),
farming site imorth-westGermany (annual meamf phosphorus (P), and potassium (K) (Temmétlal.
temperature 9.8C, and ofprecipitation 849nm)and 2017). P and K are mainly accumulated the
doublethis volumein drier years (Brustt al.2018.  Sphagnunmosses next to the irrigation ditolijth
At Shippagan 2Canadaannual mean tempature plant tissue concentratisrdecreasingharply with
4.8°C, precipitation 077 mm yr*) the much smaller increasing distance from the ditch. High
evapotranspiratiorand seepage losseesulted in  concentrations of single elements in the mosses can
substantially lower irrigation demanai74i 130 mm  be toxic (Limpen®t al.2011) andgshouldbe avoided.
(Brown 2017) To reduceirrigation water demand, In particular N levels shouldbe kept lowalthough
water tables can beowered, resuihg in smaller the negative effectof N can be reducedy high
losses hyboth evapotranspiratiomnd seepage, but availability of P and Kand optimisation ofother
also inlower Sphagnungrowth rates. growth factors €.g light and moisture levelspthat
In genera) spatially differentiatediahumidity as N is prevented fronaccumulatig to toxic levels by
a result of thépasiseffectbhcauses evapotranspiration dilution throughincreasediomassgrowth (Carfrae
rates to decreaswith a) increasing size of the et al 2007, Limpens & Heijmans 2008, Friet al.
Sphagnum farmingite, b) better orientation along 2014). Temminket al. (2017 estimate that, when
theprevailingdirectionof drywinds,andc)increasing the Sphagnumwas growing well, the Rastede
extent of wet surrounding and their wetness SphagnunfiarmingsitetookupN at35i 56kgha’yr?.
Evapotranspiration mighalso be reduced bythe Groundwatemay also beusedfor irrigation, but
wind breaking effect of tredkimpenset al 2014)or in this casecalcium (Ca) and bicarbonate (HE
shrubs especiallyif they are in blocks orientated must be taken into accoum.ost Sphagnunspecies
perpendicularto the prevailing dry wind direction  are sensitive to high concentrations ofada HCQ,
Additionally, drainageditchesinstalled toremove and concentrations>500'800 puM are detrimental
excess water fronsphagnum farming siteshould (Vicherovaetal.2015, Smolders & Fritz unpubhed
not be too close to cultivedl area because they datg, in particular when high cation loads are

promoteseepagéosses combined withhigh pH (Clymo & Hayward 1982,
Karofeld 1996,Harpenslageet al. 2015, Rammes

Water quality 2016,Vicherowaet al.2017).

Sphagnum species grow optimally when their Shortterm wse of irrigation watemwith suboptimal

nutrient stoichiometry is balanced without nutrientquality may be possibleif rainwater diluton
limitation oroversupply(Aertset al. 1992, Bragazza sufficiently reduceshe concentratiosof detrimental
et al. 2004, Fritzet al.2012, Temminket al.2017)  solutes(e.g in Malpils, Latvig). In Canadalatvia
Solute supplies that would be much too small t@and Germany Sphagnum production fields are
maintain conventional crop plants may actually bérrigatedin summer, whe excesgrecipitationwater
poisonous taSphagnumwhich has extraordinarily is dischargedn winter and might bestored off-site
smallnutrientneeds and tolerances. for use wherirrigation isneeded irsummer
Solutesare supplied to the upgrowirgphagnum Avoiding solute concentrations thatould be
by atmospheric depositionby release from the damaging foiSphagnunmay be achieved by
(mineralised and formerly fertiied) peatsoil, andby
irrigation water. In regions with high atmospheric . _
loads particularlyof NHs and NH* (resulting in dry 1 regular cleaning of the supply ditches to remove
and wet depositionjadditional solutessuppled by accumulatedsolutes
irrigation water may have detrimental effects on 1 pretreatment of the watere.g by constructed
Sphagnumgrowth. The quality of available water helophyte filters
mayinfluenae species selecticasSphagnunspecies fkeeping other site conditions optimal shat

differ in their growth responses to pH, bicarbonate accumulation is avoided/retarded by masin
and other solute@dgjek et al.2006) A high input of . y g
Sphagnunibiomass growth

solutesmay cause a shift iSphagnunspecies at the '
expense of less competitive tar§gthagnunspecies 1 on-site storage of solutepoor surplus water from
(Temminket al.2017). intenserainfall eventsduring periods with high

1 careful selection of the source of irrigation water






