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Riedstadt.
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ty—”

are presented and discussed.
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Figure 13: Number of interview partnefshapter 4) and recipient sites (chaptep8) state or federal
country (for Germanygnd location of the study region at the Northern Upper Rhine (chap&m2ye
geodata from Countries Eurostafn.d.)and BKG (2025)
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Figure 15: Water buffaloskept for grassland preservation in the floodplain of the river Elbe near
Stendal (SaxomAnhalt, Germany). Photo: Dr. Peter NeuhaNgeBJKreisverband Stendal
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Chaptleor®@rm success of fl oodpl ai-n mea
poor grassland

Leonhard Sommer, Yves P. KI'i ng&%ar alho b-Harsv oW.
Sch°ning

202Br,ontiers in EcodD6dy¥y8daod: EXYOl 8888hfevo. 20

Abstract

Restoration of floodplaas maagdowsegradcdadnsi he
seed | imitati onconlthei nirmg sdlean to i ncabteedrdi naol r  fsriot
wi dely used metnmadirtad rgersatsosrlea nsdesmi However , [
such restocamproins @ rloij micttesd ti me frames. As f.
may only become evideneéermfobsermaatyi oynesar a&r, e
investigated 20 r elsd ofrleao dyplaassisd amfd tshH6eNo ri tnh

years after plant materi al transfer with dif
carried out vegetation surveys on 254 per mart
soi l pr epdr artutorni,e nst s, and hydrology on pl a
transfer of target species. Since su$teamnabl
stability ewofatnuesatt ogedhsseminds, we dfucrttivernt yi @\
feeding value.

Whil e most target species increased in freqglt
posi titveer mM oenfgf e ct of soil preparation on vVvec
establ i shment . |l nstead, i ncr eased obiroentauscse d\
restoration success, whil e higher soi l C/ N
measures did not affect the agricultural val
matter biomass yields compared with the dono
OQur results indicate that the positive effec
species, which i s -treergm |Isatruldyi erse, p odritneidn iisnh essh oor
such as site conditi onsr tbleecromeer e ,n ca dcdistiingn &l
transfer or manu al seeding may be necessat
Concerning agricultural usability, the 1 nte:q
systems is possi-tbt m madagaemeehsand tbhbog stab

Our study shewsm mbatt é oinmgg of restoration g
determining restoration suceteesrsm.may only bec
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I ntroducti on

The worl dwi de degradation of ecosyst(Eebrsaz s o
et al.,Ee060L8ypical restoration is a major too
the healt h, i ntegrity and sustainability of
current UN oDecade on ecosystem meetr @i atsi drm
increasing I mportance of this field. Growing
grassl ands, as tbeyiocovef bhahargerpaoe and
support biodiversity, multiple elceisrygt(eBm rskg ¢
et al ., 2021). -hat Ceaktrgta&srapes aeeiof par
t he tredulcenturies ofi nhieman vac tmawiatgye,mean d blyo:
i's required to restnoarteuraan d encaoisnytsa ienmst haensde t she
Bakker;Hepeman et. al ., 2013

FIl oodpl ain meadows are outstandingly divers
endangered plant species (Rodwell, 1992; Wes
productivity, they served as amesmpokt @ROt bBe
al , 2016) . Over the | ast decades, massive
consequencesnefaodro wisl o dddepglfeirmon & Pinches, 20C
fertilizati on, h i gahletre rcauttita msg o fr etqhuee nity cersq | m
to a drastic decline both in the amount of
(Bi ssel s Bé@tgeal,. 18H&®4 ;& Wade, 1998). The rest
of floodplain meadows is therdfamsrtd nwyr gea otc,e sl
et al ., 2016) .

The mere feattiemnmsitve Imamagement on degraded f|
typical plantesdmediiessh kgprohltyanreeous!l y. This i s
of many typical fl oodpl ai n HRfelazdeolw & p@tcaimeds 2 CE
| acking connect irviicthy rteomntahnet fpeow usl paetciioenss ( Bi
al , 2003) . Therefore, activeesdiadd psrhe tihret r
vegetation withinBiasselasodtwbdhale. &i M@Supdacywi2g0 0 8
et al;V®c2021 et Reéseanrr®®7projects have shown
introduction for( KgredadssledOud | reefs tZodhrlelt)awvai | abl e
transfer of freshly <cut pl ant materi al I's cC
genetic diversity and autochthoni sm, and adc
than plants, su(lCHaramrsi s adte%wdtkeldilR gette2dI1.4,, 20
Generally, the wreshorgataiscn aofd speaigedreshly
chall engi ppoon gspesciland sites compHaarnesde nt cetat
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al . ,;K2@22 etVaalk.-, e2t0Slali;l , p2@paration i s comm
i mportant prerequisite for successful target
the existing grassland vegetation and create
of seetdhi hgsw wompetitive power (Schmiede et
that iIts positive effects Fcaentdgmelia msWwalok €10
Sch°ning )YIhiasfig m02Be i|iMmpomtarone toffi hgngo
success of restoration measures (Resch et al
fac({(bB?bzel, 2019)

However, i n addi tneatnurtaol rgersatsosrlaatnidosn,r esgeumir e
create adequate disturbance rEeHKliimegeranat tal .
Typically, management of fl oodpl ain meadows
compl ement ed by g(rKaazpifneg ,iTn2 Oskobnseu raer eaans a d e q u at
farmers often recei-eevisubds nebdersastals eand& £aA( .0,f 2a
20322 However, thae ndenepttatn aper rHaoggrd meosw mi ght b
the biomass produced on these sites could b

floodpl ain meadows integrated in the regiona
& Jefferson, 1999 he Thise wasi tommenimy ddl e o
more possibilities to increase productivity
continue this(Hejacmamrc ee dlef@wlrieta s@®@dl3d be shown
and composition had neutral or positive effe

increase the mot i-evsatta bolni sohf tfhaer nmmea nsa gteomernd of
conserva(tbDomatvhaleuBeomat h & f o&hn.d (t2h0alt5)i n compa
with | ow nature conservation value, the fodd
with high nature conservation value, and th
farming systenmsse Ilfddrstories hwade a attleepiras sl ands,
management of t hesea nsirteesst oamad itomu ss ulcacregss c ot

Soil conditions and productivity of fl oodpl
whi ch may consequently result in a conflict
2015) . l ncreased nutrient tlarvgedts scpaenc iheasmp(eGo L
1990; Pywel Wa¢td®al &, L200botgre2@Y¥aéant nutrie
thresholds vary between study systems. Il n ad
out comes, as e. g. ' i mitation by nitrogen ( N)

of high Pidnd yK arveasitlrabcti ng productivity and
Pywell et al., 2002). Additionally, hydrolog
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can strongly affect spHETlizasl, cdVMIPDBTrteonal n, f
their i mpact on restoration success has bare

Il n a-slcadnge fl oodpl ain meadow restoration exp:¢
Northern Upper Rhine in Germany, the effect

establishmemtoromragedciaems had theenf iirrsuv e stthirgee
(Schmiede et al-invedtlizgat-#érebaemwsei afesefl 3t he
answer the following questions:

a)How have the target species developed on
preparation on species richned$ gerarscs@mpo
b)Do the restoration sites differ from the
close surrounding with respect to their e

c)What is the agricultural value of the res
grassland in the surrounding and the dono
d)Which effect do soil properties, product

characteristics of thet eremtoeatt o oat ison esu
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Materials and Met hods

Study site

The study area is kmcavbaetthwpptorim&rahkf daot
the floodpl ain of Tthhee nNeoan haenmu alp pteer mpRehri anteu r
region as one of the warmest in Ger many, anc
withmmd50HLNUG, 2022; stations Frankfu+t ( Ma
Ger-Wwal |l ersta2adtemti o0 pF)OD 2Pl uctuating water
Rhine results in both ftobdgebhmdbfl opngthdh &5 sw
(HLNUG, 2021). Soils are charactetwi ¢Bdr mgi &7
et al., 2010), which adds to the alternating
| oiwnt ensi ve ulppymdleidnd he dervieclho pfnheonotd pol fa i snp encei e
al |l i Molciesi@nn dihami t at types 6410 and-F844G acc
Habitat directive), containing a high ssumber
(Donath eH°ladel), 2BHDBRVer, Il ntensi fication an
caused massive habitatthdemstsersy,i nl gawvei ncgo ua rsle
remnantsrothspeéeoondpB@gerrmeAdddivs& )Otte, 2003

Restoration sites and measur es

After a series of major floods in -1ia88nsivell
managed, unfertil i zeesdt agbrlaigsshcdsnpde Icione doBlidsase Itreoe a
et al ;B° g2e0rO, . 1 HoMWwWe v er , t ypi-icrmarhi gsrpaetceide s ahnadr c
established grassland in t-pedSthdyedeeatr ama
From 2008, freshly mownomptlainni mapterean Hayes
2010) was gained froat eigydtstdrninms GSontest droat
Sspepio®s grassland sites. T h-ei BioolniooriCosni dtieosn c
meadows. Each r et droantgi nlamvdsdi®tOea nwda sd i1v2i0d ed i n
of mO ength, each of whiwehe khsa do ebfeoerne ptrheep aprl eadn
Al | three segments had been mown, and then t

T rotovwted
T plougihe dhed rorw
T edntti I | ed

Rotovating broke up the soil sur face, whil e
harrowing breaking up the2d8%w $Botthadce ean dnelne
grained seedbed with close to no intact veg:

pl oughing and harrowing. However, depending
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modest regrowth occurred on both treat ments.

restoration site. Pl ant ma tSempit @lmber armaxnfde rt hte
October, when most species on thedddnwithit:
first cut (two donor sites, five restoration

depending on the mowing regi me at the donor
measures and sites @an Heofleynd in Schmiede

Vegetation sampling

Bet weentWmdg JdwWbh@2 11,3 we investigated tnhje) .vege
From these, 180 were | ocated on the 20 resto
nine of the 20 restoration sites, the plots

n

annually in the first three years after rest

Addi tionall vy, as a reference, we placed 40
grassland surrounding all lbestoortabheonesioeas
Furthermore, on the eight ddmorfiviet pe,r 34 tpl
on their size) . To enablSchaoam nepdeaer aehtip lsacli ye s w2 @
abundance was r ecor deBl aunsg unggy a shced bneo dM af aFreedl ,Br:
data aspégygises, abuwmarmeanes f ©lranesle ¢ o fpoel rl coewni t nagg et
approach of (SOhinti)ealkedietti ah .t o the vegeit@aéi on

species I|ists for restoration and donor site
scale (Norfolk W ldlife Z4A%st, n.d.) with mo
Soil and biomass sampling and analysis

Il n April and May 2021, we gathered soil s am

composite sampl es-1ddm)f owar & ogpalolid c tceodcewss i( Mg
di ameter. Sampgleads amameni axi8re d| t p Hi2 w a £saobhkuat si uorne. d
The sampl es wer e -aecxettraatcet @ade ws 0o hutiaboi &AL) f
pl earvtai | abl e potassium (K) and phosphorus (P
and carbon (C) wer e nnadayssuirse d dveiva ceel eonenn tcaurbye ¢
EN 16168, 2012; DIN EN 15936, 2012)k¢comnhengan
determined with the Scheibler method (Bl ume

as the difference between total and anorgani
organic C and tot al s 0)i.l N content (Kuntze e
For each plot, aboveground biomass wamj harve

at a hedm.htSeompl5i ng took place between end o
before the regular thi Mestgobhsshandonat att éas
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but were sampled at the same time for compar
pl ot to one compositehsesamp) eweidghedmnaa nTBhOediCl

acid detergent fibre (ADF), N, K lannfdr aPed o
Spectroscopy (NIRS, details see Kleinebecker
we calculated the N/K and N/P ratios. For f e

protein content (XP) (Rodrhgyt( 2R). ,f ®r01H9gr, s &
met abolisable energy ( ME) for rki nahgeCneam
Kel |l neur , 1982)

Hydrol ogical wvariabl es

For calculation of hydrological variables, v
2021) and daily water |l evels for 12 points
Januar y20l101 and sDezeber |l 8B1l1data gaps for t he
O3ays, we interpolated the groundwater | ev
obtain daily groundwater water | evels. The d
bet ween gawmgi Mai $z@Qpphkindres tme sann(dWSWo,r mn2 02 1) . i
groundwater points were used for daily Del al

points with an entry for the respective day
pl ots was esti-that & d nhatee div bBneegainn voefr stehe t hr ee n
points. For each plot, we calcul ated three r.
(foll owi ng @a&Ot9r)i nger et al

days per yedrmwbéhowWir cund (o0Drought fre
days per year wi © hm i(nouFnl doaotdi of nr ehqgeui egnhcty 6>)
standard deviation of the GWL (0SD of GWL

The | ocation in the fossil fl oodpl ain, which
functional floodplain is often used as a hy
fl oodpl ai n Bmesasdeolwss e(te .agl.. , 2004; Donath et a
was wel | repr es e nftheed nbeya ntniwell sSSID .oBf&f ®WLIs4 t es |
in the functionam KN I@oXpt abhteantio®aBdd in
respectively. Eh®®d, ofverGWheuskeer ocanalhysi s, in

compart ment .

St at ansatliycsails

To assess the impact of soil preparation ove
species (Schmiede et al2l), az2s0 Iwe,|l Is laisg htthley nnuondk

the three soil preparation treatments for ea
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2021 separately for the previously studied r
indicated significant di ff er ensciegni ftihceasret woirf

test h(=HSM)5) ( Datranwdme men to meet normality
model assumptions were checked visually wusin
To assess tempor al trends of the i1individual
frequencies in the third year after restorat
sites on a plot basi s. Forheomlpamt smat emnica& lu
di aspore input per target species for each
material data of Schmiede et al. (2010). We

the corresponding urnrhes tpareevd oruesfl gr esnt awed i eldo tr
the donor site plots from the 2021 dat a.

We explored the temporal devel opment of the
usi ngnethhohnc mul tidi mensi onal scal ing ( NMDS)
restoration sites for a) the f02Bt itmcleediyre
corresponding unrestored reference and donor

all restoration sites, unrestored reference
Curtis Distances, ma x .st B0 Q i intge rca tadf io0 myaunr said o rebanl
solutions were chosen by visually checking t
of di mensi obsyence&oWeas clgpe te(@2p0l008r)e under |l yi ng
we included vectors for the number of speci e
forms and | ife span groups, mean EIl |l enberg
continentiasltiurye ((KP),, moutri ents ( N) and soi l
species for alternating water | evels (data f
and hydrological variables describeddiabawieon
(Oksanen et al ., 2020) .

We compared the different soi l preparation

unrestored reference grassland and the donor

available soil P and K, Speciaggeandcpkeal gst

yi el d, and energy content measures. Vari abl
restoration sites and at the site | evel for

foll owed by a=Tukéy. HBPBraewt#t of med i f diagnos
vi ol ations against model presumptions (Kozak
We calcul ated four | ntdarc,mtroe st droatqgiuoannts ucyc ets
sites at the site | evel , 320lTlhoevsien gvekiee Wla )e tab
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rate of species, (b) absolute transfer rate

and (d) relative transfer rate of target spe
for all species and foegen atrrgens fsprerce e samd it ha
For absolute transfer rates, species were re
was R2 or higher on at | east one correspond
transfer r ad eisn tslpe cpdleasntf omant eri al from the
et al ., 2010) were regarded as transferabl

transferred i f recorded on a restoration sit

reffence plots were regarded as resident and
transferred species for the respective rest
absolute and relative transfer uwvheesranssfver h

(r20). However, since the relative transfer |
of the plant materi al used for restoration,
At pl ot | evel, wesecalncutlaartgeedt tshpee c(iee)s innucnrbeear

species cover as the difference between the
corresponding unrestored reference plots.

To identify factors determining the restorat
the six sucdgsssewarriadlelleys ata site | evel. E I
included in the model sel ectgieo MuRMarntngQ,t h20 DA
These were the N/P and N/ K ratiocawdiltakkl iR ne
K, soi l organic C content, and the C/N rati
correlation wi=t0Oh 99B80ULUgr gandcf Co¢d frequency
were included as hydrological wvariables. The
O and scaled to a standard deviation of 1.
multicollinearntya(idob)vaascase| ©ct ed.
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cathartwhrcaom was r%coffdede onégt omatli on pl ot s
1% three years Safntgan s o e sanored toina nc.@m@ émmaariintei dna
relatively stable wi% hrasfpreequerdy .of around

Table 2.1: Development of target species over tifoe the previously studied restoration Si{&sS)
comparedto correspondingirrestored referencgrassland (UG) and donor sites (DS). Red List status
(RL) refers to Germaiiyletzing et al., 2018)* - not endangered; \d warning list; 3 endangered; 2

d seriously endangered. For the restoration sites, frequencies are given for the third yeastaftation

and for 2021. The trends are only given for species with a frequer&ye>in at least one yearf the
changel s 20@ of the 3d year value the trend is regarded as stable. Frequencies for plant material
(PM) and the mean diaspore input (MDI, units per m2) refer to plant material samp¥ddken by
Schmiede et al. (2010)

Frequen

Target speci RL !I€ (Rssr(gg‘ UG DS PM MDI
yea

I ncreased fr

Arabis hirsut V u 0 17 11 15 0 0
Bromus erect * u 0 6 0 32 22 6
Carex praecc V u 2 15 6 12 78 12
Galium bore¢ V U 9 17 0 15 78 225
Genista tinc V U 2 11 0 41 22 9
l nula britar V U 9 11 0 6 89 163
l nula salici V U 17 26 11 53 100 890
Il ris spuria 2 u 0 21 0 12 33 9
Peucedanum ¢ 3 U 9 17 0 50 56 6
Pi mpinella ¢ * u 4 5 0 6 33 6
Scutell ari a 2 U 2 4 0 3 33 1
Viola pumil e 2 u 0 5 0 6 56 15
Viola stagni 2 U 1 4 0 12 11 5
Reduced frec

Arabis nemor 2 w 47 31 11 12 89 129
Bupleurum fe&¢ V w 4 0 0 3 0

Di psacus | ac¢ * w 6 0 0 0 11
Linum cathar * w 14 1 6 12 78 39
Rhinanthus ¢ * w 5 0 0 6 0
Selinum cary V w 6 2 11 18 4 4 16
Seneci o aqu¢ V w 5 2 0 0 0
Silaum silat V w 7 5 6 21 33
Stable freqgt

Sangui sor ba V z 20 19 0 6 2 67 2
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Target speci RL !I€ (3r(§%: UG DS PM MDI
yea
Thalictrum f V z 4 4 6 9 33 2
Val eri ana pr * z 15 15 11 21 11
Veronica mar V z 19 19 0 6 56 89
No establist
Al lium angul 3 - 0 0 0 15 78 139
Betonica off V - 0 1 0 12 0 0
Bromus racer 3 - 0 2 11 12 0 0
Carex panice V - 0 0 0 18 22 1
Carex toment 3 - 1 0 0 29 89 4
Cirsium tube 3 - 2 1 6 15 0 0
Gentiana pne 2 - 0 0 0 3 0 0
Hi ppocrepi s V - 1 0 0 6 0 0
lris sibiric 3 - 0 1 0 12 11 0
Juncus alpir V - 0 0 0 0 0 0
Lathyrus pal 3 - 0 0 0 3 0 0
Lotus mariti 3 - 1 0 0 9 22 1
Lotus tenui ¢« V - 2 0 0 3 33 3
Mel ampyrum ¢ 3 - 2 0 0 21 0 0
Mol inia caer * - 2 0 0 24 56 40
Potentilla ¢ * - 2 0 0 12 22 1
Sangui sor ba * - 1 0 0 6 0 0
Selinum dubi 2 - 0 0 0 3 0 0
Serratula ti 3 - 1 1 0 32 56 10
Succisa prat V - 1 0 0 32 11 0
Viola elatic¢ 2 - 0 0 0 6 44 1
Ecol ogi cal compari son between restoration si
The NMDS of alll restoration sites and the r

were separated from the unrestored reference

While there was a wide overl ap between the |

reference grassland was separated from the c

were all slightly shiftedstweaedshbBhactenore

target species anyl certce rtss nulnbleeshergeR gval

compared to the other groups. Both the rest:
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hi gher productivity | evels, indicated by in
compared with the donor sites.

o
— [ |
| ] ] m
o | WA, " vale
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Te} ]
o
etergent fibre
SD of gWL 9%iad
Alternating water indicator spe®es
g) o Drough‘t,*?*equency g
S o ° Soil nitrcpen
< ° "
L~
umber of target species
¢ N&mnber gf speci@s -
10 ® Realue "
71 ° : g
n® =
® [ ] | .
® o - Annual species
° E = ® DS
* % = RP
o |
- - = RR
! = RU
uG
[ I I I I I
-1.5 -1.0 0.5 0.0 0.5 1.0
NMDS1

Figure2.2: NMDS of the vegetation pldisr all restoration sites, the unrestored reference grassland and
the donor sites 021 (axis 1 and 2 of the thre€imensional solution are showial stress: 16.9. Plots
are grouped by donor sites (DS)restored referencgrassland (UG), and restoration sites with the
treatments ploughed (RP), rotovated (RR) and untilled (RU). The group labels arat liteateshtroids

of the groups. Vectors with*20.3 are displayed.For better readability the cover of target species
the metabolisable energ(high correlation with number sgecies andarget species) wereemoved
despite rz> 0.3.

Concerning soil nutrient status, the restora
very simi2l3lar THeigur € N r atNOo 18, a gceodmpatr e d
11N9.3 for the donor sites. No significant
tot al niavagémbl el #ntand K contents. However,
were | ower than those of the restoration sit

and very wmararidvwbgdtieant of t h0 .d) n avra ss intoe s cEe@.b
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Figure 2.3: Boxwhisker plots of theoil C/N ratio (A), total nitrogen (%) (B), plawgilable P
(mg/100 g) (C) and plaravailable K (mg/100g) (D) in 2021 on the different site categoriegonor
sites (DS, a 8), all restoration sites with treatments plodgi®P), rotovated (RR) and untilled (RU), and
unrestored referencgrassland (UG) (n 20, respectively)Plot data were averaged on the treatment
level or in case 0DS and UGon thesitelevel. Red dots display the mean values. Significaetéif€es

(p < 0.05) are indicated by dierent letters above the boxes (testing otrémsformed data for soil P
and soil K).

I n 2021, over all restoration sites, the nun
treatments withNOamB 4o F4Arjaigaen dofsilg.nd fi cantly h
unrestored refeNen2p, gbassbkagadi {Ocantly | ow
(7ND. 4). Although not significant, mean cove
siteNO. 4. toman he unrestored NOe%)k r € RidR)u.geFacsrs |
the donor Sitespecioewsevepyert awget significan
( mealn9 NB.%) . The same held true for the numb
24C) .
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Figure2.4: Boxwhisker plots of the number of targgiecies per plot (A), the cover of target species
(%) (B) and the number of species per 25 m?2 plot (C) in 2021 on the different site categories
sites (DS, a 8), all restoration sites with treatments plodgi®P), rotovated (RR) and untilled (RU), and
unrestored referencgrassland (UG) (n 20, respectively)Plot data were averaged on thigeatment
level or in case 0DS and UGon thesitelevel. Red dots display the mean values. Significant diffesence
(p < 0.05) are indicated by dierent letters above the boxes (testing etrémsformed data for number
and cover of target species).
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Figure2.5: Boxwhisker plots of the biomageld (g/m?) (A), the digestible energy for horses (MJ/kg)

(B), the metabolisable energy for ruminants (MJ/kg) (C), and the net energy for lactation (MJ/kg) (D)
(all referring to dry matter) in 2021 on the different site categoriegonor sites (DS,=8), all

restoration sites with treatments ploughed (RP), rotovated (RR) and untilled (RU), and unrestored reference
grassland (UG) (n 20, respectively). Plot data were averaged on the treatment level ors@n€E®S

and UG on thesite level. Red dots display the mean values. Significant difference$.(b) are

indicated by diferent letters above the boxes (testing ctrémsformed data for biomass yield).

Drivers of restoration success

Absolute transfer rates of both aN8. $pacdes
36 N& .9, respecti.v9e&l yTherTabber s ponding rel at |
24Na.6 ani3.%4. Higher biomass yield was gen
numbers of target species and reduced absol i
(Tabl2e The C/ N ratio was positively associa
target speci es. Out of therbagdeotygtealdedat
restoration success, whil e higher drought f
tended to have pPosi tihee seflfeedted. mdltenloB 5r ang
except for the relative transfer =rl&) e of spe
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Table2.2: Overview of the regression models selected by AIC criterion for the ecological restoratiowamigisleson the site levellTRA transfer rate.Rows
represent thestimates for thdifferent explanatory variables included in the selected modée biomass yield, tHe/N ratio, plantavailable P contenand pH

of the soilthe SD of the groundwater level, the flood and drougéguency(all standardized to mean 0 and SD= 1). Variables with a dot were not selected in
the respective model. Significarleve$ are given as following** - p 00.001, ** - p O0.01, *- p O0.05. n 8 number of observationR2- adjusted R2 of the
model AICd Akaike information criterion- value of<for the BoxCox transformation of the response variable.

Increase in target

) Increase in target
species number per g

Absolute TR target Absolute TR species Relative TR target Relative TR species

species (%) (%) species (%) (%) plot species cover (%)
Intercept 5.578*** 40.111%** 21.993** 24.952*** 1.231%** 28.588***
Biomass yield -1.564*** -9.817* . . -0.591*
Soil C/N ratio . . . . 1.039*** 4.657*
Soil P . 5.968
Soil pH . . 15.183
SD of GWL . . . . . 4.925*
Flood frequency -0.998* -4.351 . -1.784 -0.567* -2.682
f?égﬂgewcy 13.310*
n 20 20 15 15 20 20
R2 0.65 0.39 0.36 0.01 0.60 0.42
AIC 78.2 166.4 120.2 100.2 60.4 145.9
< 0.5 1 1 1 1 15
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Di scussi on

Vegetation development over ti me

We found no effect of sde V e lporpenpeanrtatamad toar

establishment 13 to 16s uyreparriss eanfgtfe ra Breeosntaoirna tfi
Schmi ede Oelt2)alwas that soil di sturbance, esp:¢
species establishment due to suppression of

observation among different grassl|l aadpdryges
introductipommri gr apetccedsnmiesndedt t ¢ Ki ehl et al
studies deriving such advice from their find
the best of our knowledBgeschofhottexdeed 280i1@
2

021; Edwards et al ., 2007) . In | ine with o
rest orydlar eSoclhk® ni (R 0O@ath dalHei | scher (2020) i ndi
effect of soil preparation on the number and
run.

I nitially, soil -ndicshtewsr famrc eg earma antag s omi carna e s
t he pl antHam&wHdknahg ,etbuwatl .al 20 20t | Latdesi tghe
et al; ,S2M0Milede et al ., 2012). I n the short
(Kl aus et al ., 2018) . AccordinglCyrsiamoaryve
Gal i umoapaartiurcese meargreidolian hi gh frequencies ov
restoration, but receded in the Il mmwilgarhmitdm
orCarex ppmeegexd | ater or devel oped more slo
competition with the resident vegetati on, b
without till age.

Across all treat ment s, target species that
mostly remained stable or increased in frequ

target species number on pleotvedwiitnltr ®a@isle dios
treatment. An especfcrias$,] ypweincha uwagy i Mm@t cdhetee dts
al. (2012) in the first three years after re
two restoratiohhsihbha&sdineed2coat of this spe
establishment happens (HRIl yz edf t&e.Hd It aSocHh® rd 0 thilgm e
et al ob(s202®)d a simikaeppaitmernafabl e fields
show that in the | onger term, the establishn
grasslands |l acking typical floodplain meadow
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Many target species were not successfully &es
on the donor Siutces satveps aberamplsecaptured in
which may be due to asynchronous fruit ripen
the plant material was harvested, as this sp
( Adams, 1e%5)raif Heerwiervg of seeds may | ead to it
they are harvestsdwians ahowmmrtiiweep ® hsnp éawhulnusai r
grass(lkandnisger .etDi alsplolreGGhdrduhamamde vi Aol l a
ti nomearei acaptured in ©drs iode rpabalnet amaotuenrtisal( isr
010 diaspores per mj on average, respecti vel
occurrence %reguemagymom 6n the pseéeviesudlvers:t
whol e observation period. HarhvSxlhkhag cbesai t
and coul d be a consequence of speci fic ge

temperatuH®l zelgi &hed®t Wegn&rO0e&lt al ., 2021) .

Ecol ogical comparison of restoration sites,
Qur findings on the nutrient | evels for the
in the region (Donath et al., 2007; Donath e

high nature conservationonsil seentolfy emad smdc !
available P contents -awmai | mdbd er ak et g-p t eonmes
grassland sites often chosen for restoration
in those studi edse.nclyn toouri nsctruedays,e dt hlNe ctoennt ent s
the untreated reference grasslands compared
restoration sites withNOhitbgh mEagamindacCd cent e
4.0 .98 floe d¢ther 13 restoration sites). The h
are mainly dr iMolni shyeas wowi ploovery wide rati
respectivel y.

A range of rare and endangered plant species

in the Red Lists of Germany and Hesse, wer e
However, our results confirgan amdti & heh alclod g
the sward is disturbedamrsiemr etildaadvSEIhkPdi2e gi et
al . ,; 2BR6hI et al ., 2010) . Thirteen to six’

composition of tshenideast dred hpel awthg ewdaored r e’
only slight changes t owarNesv etrhteh ecloerspso,s itthieo nnu
species was significantly higher for restore
with the unrestored reference.
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Feeding value of the site categories

Di fferent restoration measures affected nei
aboveground biomass. Whil e a change in yiel
composition with a higher proporticoonntoefn tfso rob
the biomass in floodplain meadows (Donath et
of restored and unrestored reference grassl a

restoration measures on .the overall vegetat:i
The yield |l evels of the restored and unresto
the previously dmdgernwsa ds erl yngma nafgemomr ass | anc
sites (Donath et al ., 2015; Ttatlelro wy ine | & sJ eof f1
708/ mj , some sites exceeded the | evels nor m
Jefferson, 1999). Under these conditions and

bonus and conser vat ieocno ncoom tcrad cltys )v,i ahba yemafkoirn g

For | actating cows, the hay may be at best r
|l actat iNOnNdfk§.dry iHNasSDer woméanrequire suppl
energy compoatndal .(,DoBAAaoih,; DSaofawuima cehe.r g ITReD 15

met abolisable emMOrMy/ kondreyntmatotferd.i2ndi cat e
feed flarctradn ng cows (DLG, 2009; Donath et al
pregnanwel laas for integration in compound f
most of the hay harvested in the region is U
sites and their surroundi ngsseirsy eduidti agkelsa ifbad
l evel NOoMJ/8k® dry matter (Donath et al., 200

SI'ightly higher energy cont-ceinier sod d direo rbi sointe

that an increase in species diverischyswards n
feeding rations (Donath 1229 9)l.. ,Ho2weOvde r , T ayl il eolw
sites is &n |l aweragemp@red to the restoratio

farmers to oper ateenvpirroofnineanbtlayl. sTchhuesme sa gorbivi o 1
prreequi site im dadfhes premisgesasasmlasonudse ofal ieg{ Don
2021) .

Drivers of restoration success

The transfer rates we observed were within
spe@io®s grassl and, but | ower than on for mer
true for both target speci esbiaossmawsesl |y iaesl dt oatn
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ency had negative impacts, wider C/ N ra
predictors were identified as signific

ss yield |levels are the result of compl
, with different nutrients being deci si
e generally relatiwel yusfpeecti | thatoi prsod
ration sites is partly increased by rem
he very high yield | evels of some of t
ctive dgridsesexnwndeaeronfser( Honsova et al .,
bility for t-hieclksftlabddpghamemt meddsoweci es

ar flooding events | ead to nutrient dep
, 2011; Poul sen et al ., 2014) and inc
r soi l nutrient |l evel s, (Begbhman wat emal a
ases mineralization and nutrient suppl
en years (Mathar et alakrROVLS)]|bdd%r aks
ositive rel &rtreqonehicy bettwhe ®MMARBIPGYguUre d
result from a mixture of the fertiliz
s. This may explain the identification
ss along with the bibemssegsehdfobsetehee
ood frequency on restoration success mi
ferred plant Bad eeti adl .i mpz2le8, sBGaivE)v.ian g

ased soi l C/' N ratios were significantly
over. The C/ N ratio in the soil-ta&as man i
mi nant of producti vi thye.t wdewe \Cd N, rtalte op

. 30) does not support this. Hi gher C/ N r ¢

itate the establishment of typical fl oo

eral i st grasstandi gphe ainads caodhdapthaubus N a
erse effects of soil nitrogen on target s

the river Elbe (Dullau et al., 2021).

il e

Schmiede et al. (2012) identified plan

rget species numbers in our study system,

=]

d
es

sidering an extended steitonofsiftacst orrisc hanidn

not been covered by the study of Schmied

so that the overall ef fect of bi omass
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Suppl ementary materials

{

-

ploughed and harrowed

R pIoughed and
harrowed

Figure2.9L: The different soil preparation treatmermi(ghedand harroweduntilledrotovatedwice)

on three restoration sites: (A) Prior to plant material application, (B) and (C) withgttaidlalready
partly applied. In theploughedand harrowed treatment, the soil surface was broken up and levelled
after turning over the topsoil, so it looks similar todtwvatedreatment. Red lines indicate the borders
between the treatments. Photdsitthias HarniscRity of Riedstadt.
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Figure 2.2: NMDSplot showing the vegetatiodevelopment over time for thieeatments of the
previously studied restoration sites on plot basita f@r corresponding donor sites andrestored
referenceplotsare includedAxis 1 vs. axis 2f a threedimensional solutiavith a final stresef 18.3

is shown. Plots are grouped by donor sites (®stored referencgrassland (UG), and restoration
sites with the treatments ploughed (RP), rotovated (RR) and untill@ue(Blduping for the restoration
sitesadditionally comprises the year after plant material transfetd 3 andL (longterm, i.e. 1516
years). The group labels are located the centroids of the groups. Vectors with €23 are displayed.
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