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Topsoil inversion as a restoration measure j
early results from a UK field-trial
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Abstract Over-stabilisation and eutrophication affect many
dune systems in north-west Europe. This leads to lower
diversity of typical dune species and an accumulation of
soil nutrients. Existing management techniques to remove
excess nutrients include mowing, with removal of cuttings,

and turf stripping. A new restoration technique called .

topsoil inversion or deep ploughing may ‘also be able to
counter some of the negative effects of eutrophication. It
simulates the burial of established soils with fresh mineral
sand, by inverting the soil profile. A trial was carried out on
two small blocks of eutrophic dune grassland in North
Wales, UK. Nutrient-rich surface soils were buried beneath
mineral sub-sand using a double-bladed plough, designed
to plough to depths of up to 100 em. Results show that the
organic soil horizons were buried to a depth of 80 cm, and
covered with 40-30 cm of mineral sand. The pH and
organic matter of the surface lavers becanie comparable to

those of mobile dunes. Fifteen months after ploughing. bare
sand cover was still 70-90%, but significant sand loss

through wind erosion resulted in a thinning of the mineral
sand over-burden, leaving the buried organic laver closer to
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the surface. Naturdl vegetation colonisation was slow. with
the first surviving plants observed after 8 months. The
majority of species present at 15 months were present
before ploughing and had regenerated from rhizomes or
root fragments. The effect of excluding disturbance caused
by rabbits, people and dogs was assessed within fenced
areas. After 11 months, vegetation cover was greater in (he
fenced areas than in plots exposed to disturbance, therefore
disturbance replaced physical conditions as the dominant
influence on plant growth and establishment. These early
results suggest the trial bas been partially successful. but
that topsoil inversion could be combined with other
methods such as turf stripping or by stabilisation of the
ploughed surface by planting with pioneer species. depend-
ing on the ultimate restoration goal.

Keywords Eutrophication - Deep ploughing - Succession -
Colonisation - Grassland - Rabbits

“In truduétiun

§

Many duge areas in the UK and in North-West t Europe are
currently” over-stabilised and“show low levels of natural |
|_mobility (Rhlnd et al. 2007, Pro»oo';t et al. 2009). |1 ﬁ an

over-stabilised dune wstem most of the dunes are e coveredP

by well-established grassland or scrub vegetation and areas _
_of bare sand d or pioncer vwetatmn are rare or absent fAs a
" result the Jand- formsfare stz static. no new features are ¢ beingP
formed and existing dunesdre not migrating.| The situation

at Newborough Warren, a large dune system in North
Wales. where the amount of mobile and open dunes has
declined from 75% in 1951 to less than 6% in 1997 (Rhind
et al. 2001) is s typical of dunes in n_much of England and

Wales ,The over-stabilisation n ma\/féi)e a :ec;ult ofmanv often |
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Packham and Willis 1997): Teductions in managed grazing
(Doody 1989):"rabbit population crashés due to disease;’
pplica
fences.f planting 4mmophila, and yingtof brash to prevent
disturbance (Ranwell and Boar 1986 » aflificial stabilisation
of the leading dunes for sea defence fheasures (Westhoff
1989): changing climaltic condition_ ireducing natural

mobility (Arens et al. 2004: Arens %&’nd Geelen 2006;

Ee

%.t al. 2009); and

nutrient enrichment from a range of! sources including
ammsg\l}eric deposition (Jones et al. 2004: Kooijman et al,
1998). droundwater (Jones et al. 2004: Stuyfzand 1993; van

(Sle‘\yart and Pearson 1967; Stuvfzand ,19‘93‘).,Land man-
a_gcm;:ﬁ practices such ﬁricﬁ-ﬁml —ilTlpra?E:mﬂnl have
also histnrical]y%een practiced on some hind-dune areas,
and these are sometimesé;corporated witliin designated sand
dune nature reserves or protected sites! leading to inherited

A "F
Fc.o-occun‘ing, factors. These include natural successiona]‘r' schemes have, for example, been «conducted jn' the Nether-
development of both vegetation and soils (Jones et al. 2008

gon of conservation mca?\l};es such as erection of
a

Dijk 1989) anc(\iocalised enrichment from nitrogen-fixers|

‘110 the UK ic
-| stripping, also called sod cutting, have so far

nutrients. eutrophication raidds issues for the maintenance

| _poor (Willis and Yemm 1961 }:' Entrop_ll"m:ation can adversely

of graminoids and nitrophilous species; reducing plant
diversity (Jones et al, 2004; Kooijman et al. 1998;
Plassmann et al,. 2009 Remke et al. 2009, van den Berg
et al,, 2005). Soil characteristics such as C:N ratio and
available nitrogen can be'altered (Jones et al. 2004), and N
deposition may be one faeto%cce!erating soil development
_in_dunes (Jones et al. 2008).
enrichment®icads ¢ increased vegetation growth with
tvpical dune speciesﬁgutcompeted by faster growing nitro-
phile§ Yesulting in loss of diversity and conservation value.

eutrophication prob]ems.JI]Tespective of the source of
of typical sand dune habitats whict\re naturally nutrient-

impact many parts of the system. Evidence’%uggests that |
nutrients from atmospheric depositioﬁa‘iucreaser the growth |

lln 1he_long-tenn. soil N|

lands (Arens et al, 2004; Arens,and Geelen 2006).
However, in the UK there has bée]ﬂittie démand among
site. managers for similar actic’én. Furthetmore public
perception, encouraged by de'cadéés of consérvation effort
aimed at preventing disturba i+ éccﬂnobi[i'ty as undesir-
able. Such schemes are alsob‘l:imigfed by the small size of
many UK sand dune sites or their proximity to urbanised
| areas.| Therefore, the potential for Ea_rge-éalle destabilisation -
:ﬁ:mited and disturbance techniques sucl as turf
beenélpplied
on a smallgr scale—typically less than 0.5 ha. Turf
stripping had been practiced extensively in the Netherlands,
primarily as a dune slack restoration tool (Grootjans et al.
2001; Grootjans et al. 2002), and in restoration of other
habitats in Europe including saltmarsh. heathiands and wet
meadows (Allison and Ausden 2004; Tallowin and Smith
2001). Turf-stripping i’ tfficient but titme-consuming and
requires somewhere. usually off-site, td dump the stripped
material, making stripping of large areas expensive. An
alternative isAY bury the nutrients in-situ, which is the
approach taken'with lopsoil inversion,

The basic principle is t

Topsoifs inversion, also called deep ploughing, is a

teclmiquefsieveloped in Denmark in' the 1990s where it was
originally Mised in forestry planting  1d bury the weed seed-
bank an suppress competition for newly _planted trees |
| (Matthesen and D%aard_l?g'l)_.f?yince then its use has
widened into the area of conservation management princi-
pally in the restoration c;&sites impacte y eutrophication.
mvert the soil profile to a rarget
depth of up to 100 cm so that n trient-rich surface soil
together with the unwanted sesdbanl 15 buried under infertile |
mineral sub-soil. | [Similar techniques have been used recently,
[ described Baﬁals]y as deep-cultivation, 1o 40 ¢m (Pywell et
al. 2002), or deep-ploughing, to 30 cmi (Allison and Ausden
2004). fHowever, topsoil inversion as described above

A Removing soil nutients 15 a pre-requisite for restoration

Man;s_and_ _@ouﬂ | F?SFJ).[Howev'cr, there,are relatively few

techniques available for managing eutrophication, Adverse
effects on vegetation composition can becountered by
managed grazing which” keeps fast-growing species in
check and'é‘aliows light-dependent species (o persist.
However. grazing itself does 1105%"(:1110\:6 nutrients from
low fertility systems (Perking 1978). Supplementary winter
feeding of stock may even’%xacerbate the problems by
introducing exira nutrients in the fodder material, Mowing
does" temove nutrients. but only if cuttings aref removed
from site or burnt (Bakker et al. 2002). Removal of dungxfs
possible. but is labour-intensive. Chemical remediation s
possible in some soils (Mamrs 2002). In dune syste?’s_
remobilisation or re-creating earlier successional staged s
another way (o remove nutrients. Large scale remobilisation
L/
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of infertile habitats on eutrophic_soils_(Bradshaw 1996, |

operais 0 a greater depth, typically 50-70 cm or deeper,
and is

consigered a diﬁiem technique (Glen 2008)./Tn dunes
it can be sefn Eimulating rapid burial of a soil surface by
blown sand. It differs from the natural process in thal the
existing soil profile islinverted rather than buried. Therefore.
in common with other mechanical techniqﬁcs such as turf-
stripping and re-profiling of dune slacks it"Aliers the soil
horizon structure and ma_\"btlama e features of archaeologica] |
or geg_rmrphgicgicz;l_@tere_siﬁ ist%potentiall}-' a useful
Hmique in over-stabilised systems where natural burial
by sand is unlikely to occuf $nd is an alternative to large-
scale destabilisation of natural dune features which may not

b&appropriate on small sites. or those close to built-up areas.

Y

The vegetation. re-colonisation of disturbed bare sand is
governed by physical and chemical sojl characteristics. avail-
ability of propagules. and is also influenced by disturbance
(Packham and Willis 1997), Despite regular o;utbreaks of
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